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PREFACE 
 

Assalamu’alaikum Wr. Wb. 

All praises are due to ALLAH SWT, God Almighty, Who made this International 
Conference of successful. The International Conference on Natural, 
Mathematical and Environmental Sciences (NAMES) 2015 is organized by the 
Faculty of Mathematics and Natural Sciences (FMIPA), Lambung Mangkurat 
University, Banjarbaru, South Kalimantan. This conference covered a wide range 
of topics, including biology, chemistry, physics, mathematics, pharmacy, 
computer science, material Science, and environmental science.  
All papers were compiled into the proceedings book which had six sections, 
namely Biology, Pharmacy, Chemistry, Mathematics, Physics, and Computer 
Sciences. This book was also publised in the NAMES Website 
http://names.fmipa.unlam.ac.id. I am glad that for the first time both types of 
books can be realized. 
The seminar took a theme of “Sustainable Development” as a hot issue in 
Banjarbaru. Banjarbaru, is a fast growing city in the province of South 
Kalimantan, Indonesia and famously known as an urban city with a unique 
natural landscape, a cultural diversity, and a friendly welcoming citizen. 
Moreover, Banjarbaru becomes the centre of provincial government that its 
government is located in Banjarmasin today. The conference provided an ideal 
platform to share information and discuss their scientific results and experiences, 
with particular references to sustain development. 
I was fully satisfied to all the members of the program committee who 
contributed for the success in framing the program and the books. My 
appreciation was especially from all delegates who contributed to the success of 
this conference by accepting our invitation and submitting articles for 
presentation in the scientific program.  
I can guarantee you that this book provides a full of intellectual scientific 
research activities. I do hope the next conference will pick up similar success, and 
even better. 
 
Wassalamualaikum Wr. Wb. 
Banjarbaru, March 2016 
 
 
Dr. Krisdianto 
Chief of Executive 

http://names.fmipa.unlam.ac.id/
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Ethnobotany of Food Trees By The Dayak Meratus Tribe, South 
Kalimantan 
 
Amanda Yulia Sari1, Sasi Gendro Sari1, and Gunawan1 

 
1Department of Biology, Faculty of Mathematics and Natural Sciences, Lambung Mangkurat 
University. Jl.A. Yani Km 35.8 South Kalimantan, Indonesia. *Email: 
amandab10_genesis@yahoo.com  
 
ABSTRACT 
 
Ethnobotany of trees by the Dayak Meratus tribe is important to know because it is closely 
related to culture for subsistence and food development. This research aimed to determine the 
utilization of plant trees by Dayak Meratus tribe fulfill the requirements of society and to know 
local wisdom in the use of food trees. Observation and field research was made using a continous 
transect method with a combination of paths and terraced lines taken from the forest edge up 
into inside the forest with the distance ± 1 km. Identification of food trees was done by LIPI 
Bogor. Semi-structural interviews by filling the questionnaire and respondents determination 
were used purposive sampling methods. The results identified 23 species, of food trees 
dominated by fruit (75%). Based on questionnaire, 85.41% of fruit parts utilized by community 
from the total of 48 species, followed by stem parts (10.41%). Moreover, local wisdom of the 
Dayak Meratus tribe is planting and maintaining food trees which in the backyard and or inside 
forest. 
Keywords: Ethnobotany, food trees, the Dayak Meratus tribe 
 

Introduction 
Indonesia is the second largest megabiodiversity country in the world after Brazil.  The diversity 
of flowering plant species are mostly growing wildly in the forests of Indonesia around 30,000 
species of plants. However, solely 4,000 species are identified for bringing benefits to 
communities, and just around a quarter of them have been cultivated (Sastrapradja & Rifai 
(1972) in LIPI 2007). 
Form of the utilization of plants by people is very diverse. Indonesian People utilizing the diversity 
of plants as a source of food, medicine, cosmetics, building materials, dyestuffs, vegetable 
pesticides, and energy materials. Moreover, traditional societies also use plants for traditional 
ceremonies or other cultural activities. The primary source of food for the majority of Indonesian 
people is rice.other plants can replace rice became primary source of food. For example,cassava 
(Manihot utilissima), sweet potato (Ipomoea batatas), sago palm (Metroxylon sagu), corn (Zea 
mays) and potato (Solanum tuberosum). 
Indonesia is also rich in diversity of tribes / ethnic groups with the social life and the different 
cultures where they are generally live inside forest or surrounding it. The differences in customs 
between etnic closely related with the differences their way of life and knowledge and societies 
understanding in sustaining life. Acquirement people’s life necessities can be fulfilled because 
they utilize the existing natural resources, such as plants as a source of food. 
Meratus mountain outstretched on Borneo island have high forest biodiversity. The dominant 
vegetation are: White Meranti (Shorea spp.), Red Meranti (Shorea spp.), Agathis (Agathis spp.), 
Kanari (Canarium and Diculatum BI), Nyatoh (Palaquium spp.), Medang (Litsea sp.), durian (Durio 
sp.), Gerunggang (Crotoxylon arborescen BI), Kempas (Koompassia sp.), Maggots (Quercus sp.) 
(Fatah and Betty, 2004). 

mailto:amandab10_genesis@yahoo.com
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One of the forest in Meratus mountain is Loksado forest. Loksado forest is the source of life of 
people who live around or in the forest, they are Dayak Meratus Loksado. Dayak Meratus 
Loksado rely on agriculture and farming activities as a primary livelihood source (Yuliono et.all, 
2011). Community's dependency on forest resources is inseparable from traditional knowledge 
from generation to generation have been passed down by their ancestors.  
Identification of local knowledge and utilization of food plants have been conducted in various 
areas. Desuciani (2012) conducted a study of ethnobotany food and medicine communities 
around Forest Park Wan Abdul Rachman. Also, Kartikawati (2010) examined the use of plant 
resources by the Dayak community Meratus in Hulu Sungai Tengah. Gunawan et al. (2013) 
conducted a study to determine the diversity and ethnobotany family Piperaceae plants and 
other types of medicinal plants in the Dayak Meratus Loksado South Kalimantan. 
Data and information about the identification, the use of plants and local wisdom of people in 
certain areas had widely researched; however, the data and information about identification, the 
use of plants and local wisdom of the Dayak people Meratus Loksado Hulu Sungai Selatan not 
been well documented. Therefore, it is necessary to study about the identification, the use of 
plants and indigenous Dayak people Meratus Loksado who live around Loksado forests. Meratus 
region Loksado mostly forest in which grew a variety of trees.  
Ethnobotany studies utilization of food plants by the Dayak community Meratus Loksado needs 
to be done. This is closely related to the culture of people in using plants for subsistence. So that 
the development of authentic Indonesian food can be done. 
This research aimed to determine the utilization of food trees  to fulfill the requirements  of 
society and to know local wisdom of in the use of food trees by the Dayak people Meratus 
Loksado. 

MATERIALS AND METHODS 
 
Study area 
The study area is located in the Tumingki village located inside the Loksado Protected forest, 
South Kalimantan. Tumingki village consists of four neighborhoods that Majulung (1), 
Termangkung (2), Tanginau (3), and Haruyan (4). Tumingki village has three customs hall. They 
are Ayitih custom hall, Tanginau custom hall, and Haruyan custom hall. 
 
Procedures 
Observation/field research 
Observation and field research was made using a continous transect method with a combination 
of paths and terraced lines. Path length is 1 km and a width of 20 m made a total of five plots. 
Food trees in the plots are taken to be made herbarium. Identification of food plant was done by 
LIPI Bogor. 
Interviews 
The interviews were conducted to the community by filling a semi-structured questionnaire given 
to 105 peoples. Application of this interview technique to provide possible answers to some 
questions but there are questions which are not provided the answer choices. It can be seen that 
various opinions among all respondents has been resulted in answering each question or 
appropriate answers had been done by respondents based truly on their knowledge (Mardalis, 
2004). 
 
Data analysis 
Data food plants compiled and are grouped according to family and classification based on that 
utilized portion. Formula calculation of the percentage of families and parts used, as follows: 
1. The percentage of families that used 
Food plants grouped by family, then calculated the percentage using the formula: 



 

Proceedings of International Conference on NAMES 2015 | Ethnobotany of Food Trees By The Dayak Meratus Tribe, South 
Kalimantan 

4 

 

The percentage of a particular family   
 ∑                             

∑ total species of the  hole family
 x      

2. The percentage of parts utilized 

The percentage of part of the plant used include parts of the plant be used starting from the top 

that is the leaf to the bottom that is the root. The formula used to calculate the percentage of 

parts used is as follows: 

percentage parts used   
∑parts used

∑ total parts used
 x      

RESULTS 
Utilization of food plant based on family 
Family found in the results of the observation as much as 16 families, the result identified 23 
species with the following details. 
 

Table 1. Grouping of food trees results of observation and field research Loksado Forest  in the Tumingki 

Village Based on Family. 

No Family Total Percentase (%) 

1. Arecaceae, Phyllantaceae 3* 13.04* 

2. Clusiaceae, Leguminosaceae, Sapindaceae 2* 8.70* 

3. Anacardiaceae, Elaecarpaceae, Euphorbiaceae, Lauraceae, 

Meliaceae, Moraceae, Myrtaceae, Pentaphylacaceae, 

Polygalaceae, Salicaceae, Sapotaceae 

1* 4.35* 

  Total 23 100.00 

Caption*: value for every family 

 

Utilization of food trees -based on parts 

Parts of plant utilized by the villagers of Tumingki can be grouped into four sections which 

include leaves, fruits, flowers and stems. Including sub parts, fruit (fruit and seed), flowers 

(flower and water), stems (sap, bark, and bamboo shoots). Plant utilization rate based on the 

parts of plants that utilized according to the results of the analysis of vegetation and community 

interviews are presented in the following table. 

Table 2. Classification of food plant results of observation /field research and interviews Loksado Forest 

Tumingki Village based on parts utilized 

No Parts used 

Observation and field 
research 

Interviews 

Total Percentase (%) Total Percentase (%) 

1. Leaves 1 3.70 2 3.85 

2. Fruits 21 77.78 42 80.77 

3. Flowers 1 3.70 2 3.85 

4. Stems 4 14.81 6 11.54 

    27 100.00 52 100.00 

 

Utilization of food plant based on family 
Diversity of plant foods and cosmetics on the results of field observation based on family are 
grouped into 16 families. Family Arecaceae and Phyllantaceae are families with the highest 
species that each of the three species. The species of the family Arecaceae is manau (Calamus 
manan), hanau/sugar palm (Arenga sp.), And pinang/nut (Pinanga sp.). The species of the family 
Phyllantaceae is gintungan (Bischofia javanica Blume), kapul (Baccaurea dulcis), and Rambai 

http://www.plantamor.com/index.php?plantsearch=Moraceae
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(Baccaurea motleyana (Mull.Arg.) Mull.Arg). The species of the family Arecaceae and 
Phyllantaceae generally grows wild in the jungle Loksado tumingki village. Durian (Durio 
zibethinus Murr.) and mangosteen (Garcinia mangostana Linn.) are species of other families as 
Clusiaceae. The species of the family Leguminosae is jaring/jengkol (Archidendron pauciflorum 
(Benth) ICNielsen) and jaring tupai (Archidendron clypearia (Jack) ICNielsen). The species of the 
family Sapindaceae is maritam (Xerospermum xanthophyllum Radlk) and rambutan (Nephelium 
lappaceum). 
 

DISCUSSION 
Plant utilization as food based on parts used 
Part of the fruit is the most widely used as food on the results of observation and field research 
(77.78%) and the utilization of fruit based interview was  78.33%. Part of fruit widely used 
because in general the fruit can be directly consumed or do not require processing. Therefore, 
the fruit is considered more practical. 
One species of wild forest fruit which  utilized as food is maritam (Xerospermum xanthophyllum 

Radlk). Maritam is fruit similar to rambutan but has not hair like rambutan.  Colour of young fruit 

is green, gradually become dark red. The fruit is usually eaten fresh. Fruits were consumed by 

local people such as Bangkinang rawai (Elaeocarpus Glaber Blume, durian (Durio zibethinus 

Murr.), Gintungan (Bischofia javanica Blume), tiwadak/similar jackfruit (Artocarpus champeden), 

and kayu bukit (Eurya nitida Korth. ). These plants are generally only bear fruit in certain seasons 

that are only found in the fruit season. 

The stem is the second part that is widely used, in the results of observation and field research  of 
14.81% and 11.54% interviews. Part of this stems including sub parts, namely sap, bark, and 
bamboo shoots. Bark as food (food fragrance) in plants kayu manis/cinnamon (Cinnamomum 
burmanni (Nees & T. Nees) Blume). And bamboo shoots/young stems processed into vegetable 
plants manau (Calamus manan), hanau (Arenga sp.), and pinang (Pinanga sp.). Stem parts 
generally can not be replanted or keep growing. This is because of the stem is a major part of a 
plant that functions to support other parts. 
Whereas  the fewest parts of plant utilized as food on the results of observation and field 
research and interview are leaves and flower. Leaves percentage and flowers percentage were 
same. Percentage on the results of observation was 3.70% and  on the results of observation was 
3.85%. The leaves are part which easy to be taken and processed, if it compared with other parts. 
Species of plants in general have leaves that do not depend on the season. The Plants which 
flower parts are utilized is hanau (Arenga sp.) and cangkih/clove (Syzygium aromaticum Linn). 
 

Local wisdom 
Food usage patterns 
The majority of the people's livelihood are farmers, so in the morning people have started work 
to go to the garden. The morning breakfast at home, sometimes bring lunch from home which 
have previously been prepared. On afternoon community coming home, eat meals together. 
Source materials derived from plant food crops themselves and also bought. People planted 

vegetables in a field of plants for the garden or yard. Sometimes people are also buying for food 

purposes. Costs incurred per day ranges from IDR.15.000 - Rp. 20,000. 

How to use herbs as foods divided in the form of direct utilization consumed and through 

processed by cooked. The food is cooked in various ways between boiled, and added coconut 

milk. Parts of plants directly consumed mostly in the form of fruit that has been cooked. 

 

Planting and Harvesting Plant 
Communities of Dayak Meratus tribe also planting foof trees in the backyard and or inside such 

as rambutan, breadfruit, sawo/ fruit-bearing tree, etc. Communities grow plants on the pretext of 
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meeting the needs of life and preserve nature. Food plants used directly and indirectly. Plants 

used direct means to be used directly for food, while used indirectly that if the plant was traded 

to buy other necessities of life. 

Food plants that used the bark is cinnamon. The majority of people selling cinnamon bark to 

make ends meet. Cinnamon bark harvesting community typically uses the felling at once so that 

no individual candidate from the tree. Even so, small percentage of people do not cut down trees 

to ground level as it aims to grow new shoots. According Rismunandar and Paimin (2001) there 

are four cinnamon tree crop systems are recognized: cutting system at the same time, the system 

situmbuk, beaten before the felled trunk system and the system Vietnam. 

 

CONCLUSION 
It can be concluded that widely the parts of the plants used in the fruit. Local wisdom of the 
Dayak Meratus tribe is planting and maintaining food trees which in the backyard and or inside 
forest. 
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ABSTRACT 
 
The paper presents results from a study of the conflicts of interest between oil palm expansion 
and forest conservation in Seruyan Regency. Oil palm is a valuable economic crop and provides a 
source of employment. However Seruyan expanding palm oil industry has had a very large 
environmental footprint with adverse impacts felt locally, regionally, and even globally. The 
majority of smallholder’s agree to change forests became the oil palm (70%). Solving these 
complex and interconnected problems will require knowledge about how and where we can 
maximize returns to land while minimizing loss of biodiversity and natural habitats. It will require 
spatially-explicit models of linked ecological-economic systems to feed information to decision 
makers as to the various options which yield cost-effective outcomes. 
Key words: Oil Palm Expansion, Seruyan Regency 
 
INTRODUCTION 
 
Today palm oil is one of the  orld’s leading agricultural commodities. Over the past fe  years, 
production of palm oil has outgrown than of soybean oil, which was previously the most 
produced edible oil (USDA, 2009). The biggest producers of palm oil are Indonesia and Malaysia, 
 hich together produce around 83  of the  orld’s total production and 89  of the  orld’s 
exports (Brown and Jacobson, 2005). The remaining share is produced by such countries as 
Thailand, Nigeria and Colombia. The potential for Indonesia taking the lead is considered to be 
high due to the availability of land, lo  labor costs and higher future yields of the country’s 
relatively young oil palm plantations. The share of palm oil in the total production of edible oils 
has been increasing steadily and is predicted to continue to increase. 
 
Central Kalimantan’s economy is particularly dominated by the agricultural sector,  hich 
contributes 28% of its regional gross domestic product from upstream operations alone. Within 
the agricultural sector, oil palm accounts for the largest percentage of investment. While oil palm 
is a critically important economic sector, analysis shows that it has also been a major driver of 
deforestation. Finding ways to derive greater economic value from the oil palm sector, while also 
supporting increased protection of valuable ecosystems and delivering local benefits, is a high 
priority. Since 2011, the Central Kalimantan and Indonesian Governments have introduced 
several important policies that collectively aim to stimulate continued growth in the oil palm 
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sector, while also promoting sustainable development and meeting environmental commitments 
(Glenday, et al, 2015). 
Seruyan Regency is division regency from East Kotawaringin Regency based Law No. 5/ 2002 
about Establishment of Katingan, Seruyan, Sukamara, Lamandau, Gunung Mas, Pulang Pisau, 
Murung Raya, and East Barito Regency in Central Kalimantan Province. In Seruyan, rising demand 
for palm oil and timber has led to the clearing of tropical forest land in conservation areas. 
Already issued oil palm estates licences 1.25 million hectares, or 7.8% of land surface. Of the total 
plantation area with an RSPO certificate 96.6 thousand hectares are located in Seruyan Regency, 
or 46% (Arif, 2015).  
This study was performed to know the conflicts of interest between oil palm expansion and 
environmental sustainability in Seruyan Regency, Central Kalimantan.  
 
MATERIALS AND METHODS 
 
Study area 
Study site  as smallholder’s oil palm plantation in Seruyan regency, Central Kalimantan. The field 
observations were carried out from July to August 2015.  
 
Procedures 
The study used purposive sampling technique with 20 people as research samples. The criteria 
used in sample determination  ere only based on the respondent’s competence and skill, 
consisting of economist, social-culturist, environmentalist, infrastructural and technology expert, 
and institutional expert. Data collected  ere primary and secondary data related to smallholder’s 
oil palm plantation business in Seruyan Regency. The former was obtained directly from 
respondents through questioner distribution, and the data were presented in score. The latter 
was processed data available in related services. 
 
Data analysis 
The research used descriptive analysis. Descriptive statistical analysis is used to describe or 
provide a snapshot of data in tables and figure of average value in order to easily obtain an 
overview of the nature (characteristics) of the data object. 
 
RESULTS 
Seruyan Regency is division regency from Kotawaringin Timur. Total Area of Seruyan Regency is 
16,404 Km2.  Seruyan regency is located between 00 77’ South latitude and 30 56’ South latitude 
and between 1110 49’ and   20 84’ East longitude so this regency has a tropical condition. In 
terms of geographic position, Seruyan has boundaries as follows: North: Melawi Regency in 
Kalimantan Barat Province; South: Jawa Sea; East: Kotawaringin Timur and Katingan Regency; and 
West: Kotawaringin Barat and Lamandau Regency (BPS, 2015). Based on regional spatial planning 
(RTRW) explained that the existing conservation areas will retained amounted to 262.029,09 ha 
(15,69%), and the plantation area is approximately 412.915,36 ha (24,72%)(Table 1). 
 
Table 1. Regional spatial planning (RTRW) Seruyan Regency 

No. Conservation Areas 
Area 
Ha % 

Conservation areas   
1 Natural sanctuaries 158.384,87 9,48 
2 Conservation forest 39.347,63 2,36 
3 Mangrove forest 10.546,59 0,63 
4 HOB 53.750,00 3,22 
The amount of 262.029,09 15,69 
Cultivation   
1 Production forest 338.647,10 20,28 

https://en.wikipedia.org/wiki/Tropical_forest
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No. Conservation Areas 
Area 
Ha % 

2 Production forest limited 349.781,85 20,94 
3 Production forest convection 78.547,57 4,70 
4 Woodland plant 329,15 0,02 
5 Agriculture wetlands 6.499,19 0,39 
6 Agriculture dry land 43.446,66 2,60 
7 Area of agriculture development 89.182,40 5,34 
8 Settlement 4.021,98 0,24 
9 Transmigration areas 14.450,65 0,87 
10 Plantation 412.915,36 24,72 
11 Smallholders 44.988,03 2,69 
12 Pond 2.305,31 0,14 
13 Lake 15.579,39 0,93 
14 River 7.317,03 0,44 
The amount of 1.408.011,67 84.31 
Total 1.670.040,76 100,00 

Source: Seruyan Regency, 2015 
  
 

 
Figure 1. The Public Perception 
From the Figure 1, the majority of smallholder’s agree to change forests became the oil palm 
(70%), because it is predicted to more profitable and can improve their welfare. Figure 2 explain 
the condition existing in Seruyan Regency. 
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Figure 2. Condition in Seruyan Regency 
 
DISCUSSION 
In Seruyan, fifteen oil-palm estate units with an RSPO certificate produce 1 million ton CPO per 
annum. The total oil-palm estate investment in the Central Kalimantan province (per June 2015) 
amounts to Rp 32.5 trillion or USD 2.5 billion.  The area of oil-palm estates in Seruyan Regency is 
361,4 thousand hectares. The total oil-palm estate investment in Seruyan Regency (per June 
2015) amounts to Rp 6 trillion or USD 445 million, 18% of the total investment in the province, 
the second biggest after Kotim Regency. The total number of independent oil-palm farmers in 
Seruyan Regency is estimated to be 5,000 people, with a surface area of approximately 15,000 
hectares (Arif, 2015). Oil palm is a valuable economic crop and provides a source of employment. 
It allows small landholders to participate in the cash economy and often results in improvements 
to local infrastructure and greater access to services such as schools and health facilities. In some 
areas, the cultivation of oil palm has replaced traditional practices, often due to the higher 
income potential of palm oil. 
However, it has been a lot of criticism from various parties, especially non-governmental 
organizations, both domestically and abroad because the palm oil plantation alleged interfere the 
stability of the region's economic growth (Effendi, 2005), reduce the income of local society 
(Nordin, 2009), build up the social conflict between company and local society (Butler, 2009), 
especially the matter that related to land rights and natural resources through the expansion of 
plantation (Greenpeace, 2010) and damage to the environment (Saragih, 2009). 
Seruyan expanding palm oil industry has had a very large environmental footprint with adverse 
impacts felt locally, regionally, and even globally. Rapid expansion has contributed to significant 
deforestation (from intentional land clearing and unintentional fires), posing threats to many 
areas of High Conservation Value (HCV), to biodiversity of both local and global importance, and 
to regional air quality. Some palm oil expansion has occurred, and continues to occur, on carbon-
rich drained peat lands. Poor management practices, including overuse of fertilizers and chemical 
pesticides and degradation of riparian areas, have led to river siltation, soil erosion, water 
pollution, subsidence (of peat areas) and flooding. 
These manifold environmental risks and impacts have given rise to domestic and international 
pressures to change production practices and the patterns of further industry growth. Domestic 
civil society organizations have sought to protect the land and other resource use rights of 

 

U 
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communities in areas experiencing palm oil growth. National and international pressure is being 
applied to reduce greenhouse gas emissions associated with draining and burning of peat 
swamps and to protect endangered animal species. Agro-industrial companies are facing 
reputational risks and pressures from select overseas buyers to adopt more sustainable practices. 
However, market demand (and the willingness to pay) for sustainably produced palm oil is low 
given that it is an ‘invisible’ ingredient found in a large number of consumer products and that 
global demand is shifting to emerging markets that prioritize price. 
 
CONCLUSION 
A growing body of evidence suggests that in the 21st Century we face a number of pressing and 
interrelated problems including large-scale conversion of ecosystems and the subsequent loss of 
biodiversity, along with growing pressure to increase economic growth. Solving these complex 
and interconnected problems will require knowledge about how and where we can maximize 
returns to land while minimizing loss of biodiversity and natural habitats. It will require spatially-
explicit models of linked ecological-economic systems to feed information to decision makers as 
to the various options which yield cost-effective outcomes. Here we show both a methodology 
and result where these spatially-explicit models integrating economics and ecological 
phenomena can highlight where win-win situations for both species and land users. 
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ABSTRACT 
 
Cervix cancer is the second cause of death on women in the world. The efficacy of cancer drugs 
that distributed and consumed are still low and in addition they give the side and resistant 
effects. Brown alga is marine biota that much used for food, health and pharmacy. Several active 
compounds of this seaweed have been studied in vitro and in vivo as anticancer. Sargassum 
aquifolium is one of brown seaweed that grows and found on Indonesia waters. The aim of this 
study was to evaluate the cytotoxicity of Sargassum aquifolium extracts on HeLa cell and obtain 
their phytochemicals and bioactive identity. Sargassum aquifolium was collected from Talango 
Island waters and HeLa cell was obtained from LIPI, Cibinong. Sample was extracted and then 
they were concentrated and finally extracts were assayed on HeLa cell. The viability of this cell 
was monitored by ELISA-Reader. The extract that show activity as cytotoxic agent was evaluated 
their phytochemical profiles. Identity of bioactive compounds in extract was elucidated by gas 
chromatography mass spectra. The result showed that the viability of HeLa cell by n-hexane 
extracts was the lowest and it was also lower than doxorubicin as positive control. The n-hexane 
extract of this seaweed contained alkaloid, terpenoid, tannin, saponin and steroid. The n-hexane 
extract compounds of this seaweed based on mass spectrometry were 1-hexadecene, 1-
Nonadecene, Hexadecanoic acid, Benzene propanoic acid, Arachidonic acid and Octacosanol. In 
conclusion, n-hexane extract of Sargassum aquifolium was cytotoxic agent and it is potential as 
anticancer. 
Key words: Cytotoxicity, HeLa Cell, Phytochemicals, Sargassum aquifolium Extract  
 
INTRODUCTION 
Cervix cancer is the second cause of death on women in the world after heart disease. Each year 
more than three hundred thousand women die because of by this cancer. Each two minutes a 
woman die caused cervix cancer. Meanwhile, in the future this disease will predicted the main 
causative of death on women if the early detection and the curative on this disease is not done.  
Nowadays, the efficacy of cancer drugs that distributed and consumed by patient are still low and 
in addition they give the side and resistant effects (Sak, 2012).   
Brown seaweed is natural resources from marine that contain much secondary metabolite or 
bioactive and it is also show capability as anticancer. Fucoidan is bioactive of this seaweed that 
known as antiproliferation, antitumor and anticancer by inducing of apoptosis and inhibiting of 
invasion, metastasis and angiogenesis of cancer cell. This substance have been known able to 
inhibit the growth of breast cancer (Xue et al., 2012; Zhang et al., 2013; Marudhupandi et al. 
2014), colon cancer (Han et al., 2015) and cervix cancer (Senthilkumar et al., 2013). There are 
several active compounds of this seaweed that also capable to inhibit and destruct cancer cell, 
i.e. terpenoids, sterols and polyphenols (Senthilkumar et al., 2013). These substances kill cancer 
cells by apoptosis activating, inhibiting on binding between oncoprotein and tumor suppressor 
protein and function of HPV-16 harboring cervical cancer cells (Tariq et al., 2015). 
Sargassum sp has been grouped in brown seaweed and this alga found on Indonesia waters, too. 
One of the species is Sargassum aquifolium that much grow on Talango Island waters, District of 

mailto:muhamadfir@yahoo.com
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Sumenep, East Java. Brown seaweed showed their potency as anti-cancer, however, the 
exploration and usage of Sargassum aquifolium as sources of bioactive compounds is very limited 
and its inquiry as anti-cervix cancer is not yet done. Therefore, the purposes of this study were to 
obtain cytotoxic activity of brown seaweed (Sargassum aquifolium) extract on HeLa cell and find 
the identity of their bioactive. 
 
MATERIALS AND METHODS 
Study area 
Sargassum aquifolium was obtained from Talango Island waters, Sumenep District, East Java at 
September 2013. HeLa cells were supplied by Research Center of Biotechnology, LIPI, Cibinong. 
Hexane, ethyl acetate and ethanol were obtained from Merck. 3-(4,5-dimetilthiazolil-2)-2,5-
difenil tetrazolium bromida (MTT) was purchased from Sigma-Aldrich. This research was done by 
descriptive method. Treatments of this research were hexane, ethyl acetate and ethanol of 
Sargassum aquifolium extracts and parameters of this study were viability of HeLa cell, 
phytochemical substances and identification of bioactive compounds. The strongest cytotoxic 
activity of extracts was determined their phytochemical profile and bioactive identity.  
Phytochemical substances assayed by phytochemical screening method and bioactive identity 
elucidated by gas chromatography mass spectrophotometry. 
 
Procedures 
Extraction 
Sargassum aquifolium was washed and dried under sun. Dried sample was crushed and then 
sieved to get powder matter. This material was macerated by n-hexane, ethyl acetate and 
ethanol (1:3; b:v) at 4oC for a night. Afterward it was filtered by Whatman paper to get 
supernatant. This was concentrated by rotary evaporator and this matter was collected in tight 
bottle and saved until used for assaying.  
Cytotoxicity assay 
This assay used 3-(4,5-dimethylthiazol-2)-2,5-diphenyltetrazolium bromide (MTT) to observe the 
viability of HeLa cells (Stockert et al. 2012). A hundred µL of RPMI 1640 was poured and mixed 
with HeLa cells in 96 microwell to obtain 3 x 104 cell/mL of HeLa cell suspension. Each well was 
poured  ith     μL of HeLa cells. One  ell filled  ith HeLa cell  as stated as negative control. Six 
 ells  ere mixed  ith  5 μL of doxorubicin as positive control and the others were added with 
125 μL of ethanol, ethyl acetate and hexane extract of Sargassum aquifolium, respectively. 
Viability of cell was observed by ELISA reader. Absorbance value related positively with color 
formation of formazan that show metabolism activity of cell.  
Phytochemical screening 
This assay was done based on Harborne (1973) to detect bioactive content that contained in 
sample extracts. This screening comprised of alkaloid, flavonoid, tannin, saponin, triterpenoid 
and steroid tests. 
Gas Chromatography-Mass Spectrophotometry 
This analysis used GC-17A Agilent 5890 series II Plus and GC-MS Agilent Technologies 5975C inert 
MSD with Triple-Axis Detector and the capillair column HP 5-MS. One µL of sample was injected 
in column port and carried by Helium with flow rate 0.7 mL each minute. Injector temperature of 
GC was 295oC and oven temperature was programmed from 70oC for 2 minutes and then 
increased 10oC each minute until 295oC for 28 minutes.  
 
Data analysis 
Data were analyzed by statistic methods and showed as a figure and table. These results 
described and analyzed to describe and clarify the difference among treatment.  
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RESULTS  
HeLa cell viability 
Figure 1 illustrated the percentage of HeLa cell viability exposed by control and n-hexane, ethyl 
acetate and ethanol of Sargassum aquifolium extract. The percentage of HeLa cell viability of n-
hexane extract was the lowest among other treatments (P < 0.01).   
 

 
Figure 1. Percentage of HeLa cell viability was treated positive control and n-hexane, ethyl 
acetate and ethanol extract of Sargassum aquifolium 
 
Phytochemicals 
Phytochemical compounds of Sargassum aquifolium n-hexane extract showed on Table 1. This 
table showed that Sargassum aquifolium n-hexane extract contain alkaloid, flavonoid, saponin 
and steroid. 
Table 1. Phytochemical compounds of Sargassum aquifolium n-hexane extract 

Test Result (+/-) 

Alkaloid:  
   a. Mayer  
   b. Wagner  
   c. Dragendorf 
Flavonoid 
Tanin 
Saponin 
Triterpenoid 
Steroid 

 
+ 
+ 
- 
+ 
+ 
+ 
- 
+ 

 
Identification of Bioactive Substances 
Figure 2 showed spectra of Sargassum aquifolium n-hexane extract. Based on Wiley Library 
exhibited that identity of Sargassum aquifolium n-hexane extract are grouped on aliphatic 
alkenes, carboxylic acids and polyphenol derivates. 
 
 
 
 
 
 
 
Figure 2. Spectra of Sargassum aquifolium n-hexane extract by Gas Chromatography Mass 
Spectra 
 
DISCUSSION 
HeLa cell viability 
Viability of cell is a method of measurement on life or death of cell.  Cytotoxicity of cell is 
generally indicated by decreasing on cell proliferation, nucleic acid or protein synthesis and cell 
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viability. The alteration on membrane permeability or disturbance on several metabolic pathways 
are the causality of death cell that able observed by cell viability. Therefore, the cell viability can 
developed as cytotoxicity indicator of a substances (Riss et al., 2011). The life cells able produce 
succinic dehydrogenase on their mitochondria. This enzyme will react with MTT substance to 
form a formazan crystal that color violet. The darkness of this color indicates and positively 
correlated with life cell (Wang et al., 2010). 
Figure 1 showed that the HeLa cell viability that exposed with n-hexane Sargassum aquifolium 
extract was exhibited the lowest. It mean that n-hexane extract of Sargassum aquifolium have 
capability to kill HeLa cell. Gomez et al. (2015) stated that methanol extract of brown algae 
(Dictyota ciliolata) extract showed the strongest of capability to kill HeLa cell, meanwhile, Barreto 
et al. (2012) indicated that dichloromethane extract of brown alga (Cystoseira abies-marina) as 
HeLa cell anti-proliferation substance. In the meantime, this experiment show different result 
from the last studies but it indicate that brown seaweed is natural resources from marine that 
much contain bioactive that can developed and used to anticancer drugs (Moussavou et al., 
2014). The ability of brown alga extracts to eliminate HeLa cell is caused by these extracts able to 
change morphology and biochemical of HeLa cell. These phenomena characterized by apoptosis 
that marked by loss of cell viability, chromatin condensation, phosphatidylserine externalization 
and phase accumulation of sub-G1 cycle (Gomez et al., 2015).  
 
Phytochemicals 
Table 1 showed that n-hexane extract of Sargassum aquifolium contain 5 bioactive compounds 
i.e. alkaloid, flavonoid, tannin, saponin and steroid.  Guven et al. (2010) reported brown seaweed 
(Desmerestia aculeate) contain alkaloid, meanwhile, Gross et al. (2006) have been showed that 
alkaloid of red alga (Lophocladia sp) able to decrease the growth of human lung tumor cells and 
breast cancer cells. Many of alkaloid compounds have been identified as anticancer and their 
mechanism is by inducing apoptosis and arresting of G1/G2 in several of cancer cell lines (Lu et 
al., 2012). 
Sarojini et al. (2012) reported brown seaweed contain flavonoid between 6.03-33.39 mg/g 
extract. Flavonoid is belonged of polyphenol and it known as antioxidant and anticancer agent. 
Batra and Sharma (2013) reported that flavonoid can interact with different genes and protein on 
reservation, suppression and preventing carcinogenetic progression. It coincided that flavonoid 
can suppress the growth of cancer cell by apoptotic mechanism (Szliszka et al., 2008). 
Tannins are also contained in Sargassum sp and their tannin content was around 1-10 % each g of 
extract (Firdaus, 2012). Tannins belonged also for polyphenols and these compounds have been 
known as cytotoxic agents (Hadi et al., 2000). They proposed that the cytotoxic mechanisms of 
these compounds against cancer cells are involved on the mobilization of endogenous copper 
and the consequence of pro oxidant activity. 
Saponin is belonged of glycosides group that have steroid or triterpenoid compounds. N-hexane 
extract of this seaweed is also composed of saponin. Janarnathan and Senthilkumar (2013) have 
been reported that saponin screened from petroleum ether extract of Sargassum wightii. This 
bioactive have been studied that it able as anti HeLa cell cancer by increasing of apoptosis (Zhang 
JW and Wei YH, 2014). 
Steroids are derived from cholesterol via oxidation and other derivatization metabolism. These 
compounds on brown seaweed are produced very similar oxidized sterols which may also act as 
phytoecdysteroids, e.g., the cathasterone (Stengel and Connan, 2015). Basha and Muthukumar 
(2014) explored that brown seaweed (Sargassum ilicifolium) contain steroid. This finding 
coincides with the reports of Melpha et al. (2014) that this bioactive contained in chloroform 
extracts of brown seaweed (Padina sp). Calderon-Montano et al. (2014) reported that one of 
steroids derivates able selectively kill human cancer cells by arresting mechanism. 
Identity of Bioactive Substances  
Table 2 showed that bioactive compounds that contained in n-hexane extract of Sargassum 
aquifolium are grouped in carboxylic acids and fatty acid. The polysaccharide in brown seaweed is 
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alginic acid, also called alginate, and this acid is classified a carboxylic acid. This compound 
performed naturally as structural substances of cell membrane and thickening agent on food. Lee 
and Mooney (2012) have been reported that the function of alginate on medicine application 
was wound healing, drug delivery and tissue engineering applications. This compound worked 
generally as coating agents and their function as anticancer was not yet known.  
Many studies have been reported that fatty acids were anticancer agent in a variety of human 
cancer cell lines derived from colonic, pancreatic, prostate, and breast cancer. Wendel and Heller 
(2009) stated that fatty acids compounds capable as anticancer by attenuation growth and 
inducing apoptosis. The mechanisms underlying the anti-tumour effects of omega3-FA are 
complex. Incorporation of omega3-FA in biological membranes alters the profile of lipid 
mediators generated during inflammatory reactions. Furthermore, omega3-FA act as ligands of 
nuclear peroxisome proliferator-activated receptors that attenuate transcription of NF-kappaB-
dependent genes. Thereby, the cyclooxygenase-2/prostaglandin E(2)-dependent production of 
pro-angiogenic vascular endothelial growth factor and levels of anti-apoptotic bcl-2 and bcl-X(L) 
are decreased. Eicosanoid-independent pro-apoptotic pathways include enhanced lipid 
peroxidation, modulation of mitochondrial calcium homeostasis and enhanced production of 
reactive oxygen species as well as activation of p53 (Wendel and Heller, 2009).    
 
CONCLUSION 
The n-hexane extract of Sargassum aquifolium was cytotoxic agent that contained alkaloid, 
terpenoid, tannin, saponin and steroid. The n-hexane extract compounds of this seaweed were 1-
hexadecene, 1-Nonadecene, Hexadecanoic acid, Benzene propanoic acid, Arachidonic acid and 
Octacosanol and it is potential and show as anticancer substance. 
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ABSTRACT 
Pulang Pisau peat swamp forest (psf) is one of the remaining peatlands in Central Kalimantan 
which suffers from logging and fire. This remaining peatlands is located between two tributaries 
of the Sebangau river: the Sampang and the Paduran rivers. The estimation of peatsoil carbon 
stock is necessary in order to conserve the remaining peat as well as to enable sustainable use of 
its resources. The aim of this study estimated carbon stock in soil organic carbon per unit area by 
determining peat depth, bulk density and soil organic carbon. The result found that peat depth 
increased following the furthest distance from the river, where the Paduran transect had a great 
thickness compared to the Sampang transect. Bulk density depended on the depth. The overall 
average bulk density in the Paduran area was lower than its in the Sampang area. TheSampang 
area had less soil organic concentration compared to the Paduran site which accumulated higher 
at the upper 150 cm depth. Hence, carbon storage of Pulang Pisau psf varied between two sites 
and higher increased in the Paduran site compared to in the other one. 
Key words: Pulang Pisaups, Sampang and Paduran sites, carbon storage 
 
INTRODUCTION 
Peat swamp forest functions both direct and indirect services, as well as for human well-being. 
According to Page et al. (2009), direct functions cover as water catchment areas, flood 
mitigations, erosion preventions and wildlife resources. Indirect or ecological services include 
carbon storages and sequestration, sediment and nutrient retentions and micro climate 
stabilization. However, both direct and indirect functions have been degraded due to human 
activities as well as the possible impact of climate change. The highest carbon storage capacity of 
all terrestrial ecosystems is in tropical peatlands located almost at low altitude.  
The lowland tropical peatlands in Southeast Asia have locked million tons of carbon compared to 
mineral soils. More than 57.4 Gt carbon or equivalents to 65% of tropical peat carbon have been 
stored in Indonesia followed by Malaysia which solely has 9.1 Gt carbons (Verver& van der Meer, 
2010; Page et al., 2011). Consequently, these peatlands have potentially valued on reducing 
greenhouse gas emissions due to climate change and agricultural plantations. However, since 
large areas have been rapidly degraded, the lowland tropical peatlands have also released a large 
amount of carbondioxide through to the atmosphere. For example, the deforestation rate on 
Kalimantan peatlands had occurred in 9,861 ha/y between 2000 and 2005 where mostly occurred 
on both shallow peat (1,620 ha/y) and very deep peat (2,569 ha/y) (Murdiyarso et al., 2008).  
Some restoration efforts have been done at Central Kalimantan, particularly with maintaining 
hydrological status of peatland and replanting some vegetation such as Jelutung, Ramin 
Gonystylus sp., Mahang Macaranga motleyana and so on. The alteration of peatlands is mainly 
based on peat domes, carbon content and water column. Drying peat soil causes a highly 
negative impact on the ecological function of peat domes. The prolonged drought will lead the 
carbon stored more susceptible to burning. Less moisture induces peat subsidence, shrinkage 
and followed by soil compaction. The irreversible circumstance exists when peat has been dried. 

mailto:sgsari@unlam.ac.id
mailto:elmar.veenendal@wur.nl
mailto:juul.limpens@wur.nl


 

Proceedings of International Conference on NAMES 2015 | Carbon Storage of Pulang Pisau Peat Swamp Forest, Central 
Kalimantan 

19 

 

After the collapse because of drainage and leading a dried peat at the upper layer, fires destroy 
the forest and cause the loss of carbon storage capacity (Kool et al., 2006). Therefore, the carbon 
storage of peat domes should be preserved by maintaining water balance and conserving 
biomass both above and below ground (Setiadi, 2008). 
Several estimations of the carbon loss are based on surface elevation changes and extrapolation 
of peat thickness measurements (Verwer and van der Meer, 2010). These methods may result in 
large over- or underestimations of the current carbon stocks. The accurate measurements in a 
degraded peatland are needed to obtain a more precise value of carbon stocks in specific 
locations. Limpens et al. (2008) stated that quantified extensive data of bulk density and peat 
depth is required to improve the carbon stocks present. Therefore, this research emphasizes to 
estimate soil carbon stock by understanding bulk density and soil organic carbon of degraded 
Pulang Pisau psf. 
 
MATERIALs AND METHODS 
Study area 
Pulang Pisau psf is part of the Sebangau peat dome which lays in Central Kalimantan, Indonesia. 
This psf is located between two tributaries of the Sebangau river: Sampang and Paduran rivers. 
Beginning in the 1986, this site had been degraded due to extensive logging and drainage 
(Sumawijaya et al., 2007). The research was conducted from October 2011 to January 2012. The 
field work was done for one month in the Pulang Pisau psf and the soil analysis was worked on 
for 3 months in the chemical laboratory of Lambung Mangkurat University, South Kalimantan. 
Plots were continuously placed along two transects on each 500 meters crossing an entire dome. 
Plots were positioned at regular intervals of distances related to different vegetation and peat 
thickness. In total, 17 plots were established in two main transects. Within plots sized 50m x 
20m, three points were randomly selected. The Sampang transect covered a 3 km distance from 
the river edge. There were six drilling points, starting from the 0.4, 1, 1.5, 2, 2.5, and 3 km 
respectively. Peat samples were taken within a plot and replicated 3 times. Due to poor 
accessibility, the paths needed to be cleared before measurements could proceed. The Paduran 
transect was accessed up to 5 km close to the river edge where eleven drilling points were 
placed, starting from 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 km. 

 
Figure 1. A sampling design modified from WI (2010). This graph illustrates an intact peat swamp 
forest (PSF) that has a peat dome >10 m higher than the river level. The mineral soil in Pulang 
Pisau psf sandy-clay soil may be below mean sea level. The red dot indicates a drilling point at 
each plot. 
 
Procedures 
Peat samples were taken over their full depth with a peat sampler auger from the peat surface 

until the mineral soil. Bulk density was measured by an equation 
SV

M
BD  where BD = bulk 

density (g/cm3); M = mass of dry sample (g); SV = sampler volume or fresh volume (cm3). The 

percentage of organic carbon was calculated as %100
724.11

21 x
KKA

x
W

WW
SOC


  where 

SOC = soil organic concentration (%); W1 = soil weigh before combusted (g); W2 = dried soil weigh 
after combusted (g); KKA = the correction factor of water content (%); 1.724 = a Constanta based 
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on Agus (2010). Carbon stock was calculated using              where C = soil carbon stock 
(tCha-1); SOC = soil organic carbon (%); BD = bulk density (g/cm3); and Dep = peat depth (cm). 
 
RESULTS 
The great peat depth can be found in the Paduran area (classified into a moderate peat with an 
overall mean depth of 194.8±110.48 cm) rather than in the Sampang transect (categorized as a 
shallow peat of 72.4 ± 68.80 cm).  
The mean bulk density varied, both within the transect and between two sites. The depth 
average of bulk densities of the Sampang transect ranged from 0.095 to 0.304 kg/dm3 with the 
highest value close to the Sampangriver and the lowest one at 1.5 km distance. The overall mean 
value reached 0.160 ± 0.077 kg/dm3. For the Paduran transect the depth average of bulk 
densities differed between 0.085 and 0.153 kg /dm3 with an all mean value of 0.123 ± 0.021 kg 
/dm3. The highest value of bulk density was achieved at 3 km from the Paduranriver, and the 
lowest was at 2 km distance away. 
Soil organic concentration tended to have a similar pattern between two areas. The organic-C 
content at the upper layer did not fluctuate along the different gradients of distance and was 
liable to drop at the bottom layer. For the Sampang transect, the concentration at the upper 50 
cm started to increase from the nearest distance close to the river to the centre of the dome. 
However, a decline of C-content occurred at the moderate peat depth (100 – 200 cm). The low 
value of organic carbon per cent was shown near the Sampang river and increased gradually until 
the end of the plot at 3 km distance. 
The carbon stock of the Sampang transect ranged from 4.70 ton Cha-1 at 1.5 km distance (peat 
depth 0.11 m) to 84.03 ton C ha-1 at the 3 km distance (peat depth 1.71 m) with an overall 
average carbon density 37.04 ton C ha-1. For the Paduran transect, the carbon stock differed 
between 19.30 ton C ha-1 at the nearest distance from the river edge (peat depth 0.45 m) and 
195.14 ton C ha-1 at 3.5 km distance (peat thickness 3.93 m) with an all mean carbon stock of 
97.60 ton C ha-1. 
 

 
Figure 2. The carbon stocks of the disturbed peat (The Paduran and the Sampang) on a function 
of the different distance from the river edge. The standard deviations are only showed for the 
side distances at 1, 3 and 5 km. 
 
DISCUSSION  
The Sampang site includes as a sedge swamp and the Paduran area locates near the Sebangau 
main peat dome. It was expected with the result to find very deep and an extremely deep range 
from 400 to 1,200 cm in PulangPisau psf. However, due to the geographic condition which is 
close to the coastal area; the depth ranges in shallow to deep peat (<400 cm). The shallow-
moderate peat was discovered at the distance of 0-3 km from the river edge, while the moderate 
to deep peat was found at 3-5 km distance. Furthermore, the effect of antropogenic activities on 
peatlands may contribute to decreasing a peat depth. Based on the field observation, the 
Sampang site has more antropogenic influences than in the Paduran site. Peat suffers from 
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disturbances; however, the result showed there was no effect of disturbance to decrease the 
depth.  
The bulk density of the Sampang transect seemed to be higher than in the Paduran transect. This 
was caused presumably because Sampang is more disturbed compared to the Paduran transect. 
In fact, the research area experienced fire occasionally and it will periodically happen if a dry 
season comes. Therefore, maintaining hydrological system plays a crucial role to prevent fire. 
It is evident that organic clay accumulates in the peatlands edge which has a low organic carbon 
(Andriesse, 1974). Moreover, Wakimotoet al. (2011) assumed that microbial degradation 
contributed to disappearance of soil organic matter. However, their research suggested that the 
main cause was accelerated by rainfall after fire. This also happened in the Gelam community as 
climax vegetation between 0 and 1.5 km distance where repeated burns occurred. 
Carbon stocks highly depend on different distances to the river and the peat thickness. Carbon 
stocks at the distance of 0-3 km are less stored soil carbon compared to them at the 3-5 km 
distance. Moreover, the depth and carbon stocks fluctuated along the transect; but, slightly 
increased until the end of the transect. In result, the Paduran transect had a higher amount of 
carbon stocks rather than in the Sampang transect as expected (Fig2). 
 
CONCLUSION 
Carbon storage were highly influenced by the function of the distance and the depth.  However, 
bulk density and soil organic concentration indirectly related to carbon stocks. For these reason, 
the Paduran transect was classified as a moderate peat depth which stored a large amount of 
carbon stocks compared to the Sampang transect which was considered as a shallow peat. The 
stored carbon highly differed between 0-3 km and 3-5 km distance. Therefore, the Paduran area 
stored a high amount of carbon compared to the Sampang area. 
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ABSTRACT 
The development of a city due to the increase of population, followed by the rise of the 
construction, significantly shifts the green spaces (park and garden). Park and Garden have an 
important roles in terms of economic, social, and health of the surrounding ecosystem, not only 
for humans but also the survival of birds. The purpose of this study was to determine the 
diversity of bird species as in four City Parks of Malang. The study was conducted by encounter 
rates to the object (birds) through observation for along 20 hours. The birds that successfully 
observed were identified by Mac Kinnon book of bird identification and then the bird species 
diversity was studied by qualitative and quantitative analysis, including the number of species 
and families, level of abundance and diversity indices. Present study revealed that, totally the 4 
parks have 11 familia and 19 species of birds. Based on the Shannon-Wiener diversity index 
calculation, the diversity indices in Alun-alun, Trunojoyo, Merjosari and Ijen are 1.48, 1:40, 1:02 
and 1:49 respectively, meaning that the diversity index of four parks could be categorized in the 
medium to low diversity. Collichia Linchi and Passer montana are the abundant bird population in 
all city parks, except in Ijen whereas Collichia Linchi and Lonchura leucogastroides are also 
abundant. The protected species observed were Nectarinia jugularis inhabit in all of city parks, 
Loriculus pusillus (in alun-alun) and Lonchura maja (ijen). In addition Spizaetus bartelsi appeared 
in Merjosari park, a species categorized as vulnerable according to International Union for 
Conservation of Nature. This study is a preliminary assessment of bird diversity and so that 
further researches are needed to examine the relation of diversity indices and  habitat, impact of 
automobile air pollution exposure, landscape changes and human interactions to birds number 
and species richness. 
 
Keywords: birds, city park, bird abundance,  diversity index, bioindicator 
 
INTRODUCTION 
Indonesia as one of the countries with very high levels of biodiversity (megabiodiversity) became 
one of the foundation of germplasm conservation in the world that is increasingly endangered. 
As a mega-biodiversity country, based on the diversity of types according Jatna Surpriantna 
(2008), Indonesia ranks on board among the countries in the world, namely: The second order 
after Brazil's mammal diversity, with 515 species, which is 39% are endemic 
The fourth order for the diversity of reptiles (511 species of 150 endemic), The fifth order for the 
diversity of birds (1531 species, 397 endemic) specifically for diversity of parrots, Indonesia ranks 
first (75 species, 38 endemic), The sixth order for the diversity of amphibians (270 species, 100 
endemic), The fourth order for the diversity of plants (38,000 species), The first order for palmae 
plants (477 species, 225 endemic), The third order for freshwater fish diversity (1,400 species) 
after Brazil and Colombia. 
Malang City is one of the largest cities in East Java whereas today has a tendency to increase its 
population; the reasons in choosing Malang as the destination of education, business and 
tourism. It gives a positive side to the economic development, but on the other hand negative 
effect; led to increased demand for resident, shopping mall and other physical facilities that 
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automatically reduce green space permanently. It will certainly have an impact on the availability 
of natural resources. 
The city park plays a major role in tackling environmental problems in urban areas, such as; 
reducing heat, producing oxygen, reducing noise, absorbing pollution, providing beautifull 
scenery, and the conservation of natural resources (Chowdhury et. al  2014) as well as 
contributes to provide natural habitat for the survival of wildlife including birds.  
Birds (avifauna) is natural instrument in the balance of the ecosystem, it is able to be an indicator 
of environmental changes and derstruction. Reduced green spaces in urban areas causing a 
reduction of natural resources, one of which is a bird (Hadinoto, 2012). Birds are very responsive 
to changes in the ecosystem both water and  land, such as the changes caused by the felling of 
trees, air pollution, water pollution, changes in the position and layout of green space, so it is 
potentially used as bio-indicators of environmental health problems, urbanization and changes in 
the urban landscape ( Chowdhury et. al, 2014, Eeva et al., 2009) 
Study of the avifauna diversity in the city of Malang is still rare, especially to observe the diversity 
of birds in the urban areas of green spaces, such as city parks, urban forests, buildings or private 
house. Studies conducted by Tamsil (2009) showed that in three parks in Malang (Alun Alun, 
Merdeka Park and Ijen Boulevard) has discovered 15 species of birds from 8 family. The Species 
Diversity Index relatively low.  Changes of the city layout and the renovation of city parks during 
2009-2015 allegedly providing significant physical changes, therefore it is necessary to conduct 
the study of the effects of physical changes to the ecosystem, especially the the avifauna 
diversity. Based on the data of The Department of Hygiene of Malang (DKP) in 2014,  the local 
government manages no less than 39 city parks and 12 forest city. Among parks and urban 
forests are strategically located and popular are Alun-Alun (Square Park), Trunojoyo, Ijen and 
Merjosari. 
This study aimed to identify and analyze the diversity of bird species in some parks in Malang as 
well as its role as bio-indicators of environmental health. The expected aims of this study are the 
availability of information about the diversity of birds’ species, bird populations and spreading. 
On the other hand the result of study can be used as the basis data for decision maker to make 
environmentally friendly policy as well as in favor of the conservation of birds to the emphasis 
that Malang is the City of education and Tourism. 
 
MATERIALS AND METHOD 
Study Area 
Present study was conducted in Malang City. Malang city is in the center of the district of Malang 
(Kabupaten Malang) and astronomically is located in 112.06 ° - 112.07 ° East longitude and 7.06 ° 
- 8.02 ° South latitude (7 ° 58'48 "S 112 ° 37 '12 "E). Malang climatic conditions ranging between 
22.2 ° C - 24.5 ° C. While the maximum temperature reached 32.3 ° C and a minimum 
temperature of 17.8 ° C. The average humidity ranges from 74% - 82%. 
 

  
Figure 1. Malang City Position (red area) inside the East Java Province 
 



 

Proceedings of International Conference on NAMES 2015 | Study on Bird Diversity in Four City Parks of Malang City, East 
Java, Indonesia 

24 

 

This research was conducted at 4 observation points, Alun Alun Park (coordinate 7° 98'27"S, 
112°63'07''E), Trunojoyo Park (coordinate: 7 ° 97'65 ''96S, 112 ° 63'66''05E), Ijen Park (coordinate 
97'20''89S -7 °, 112 ° 62'15''76E) and Merjosari Park (coordinate 7 ° 94' 50''89S, 112 °60'32''34E). 
The Study was conducted in August 2015. 
 
Procedures 
To observe the spreading of bird’s familia and species, the study  as conducted using the 
method of encounter rates (level meetings) to the object; identification and counting directly 
towards each individual of birds were found. Observations within one station (park) made by one 
team in a total duration of 20 hours for each park, with detailly of 4 hours per day for 5 days, ie at 
6:00 to 08:00 am and 15:30 to 17:30 pm. For each park, 6 (six) points of observation were 
determined. Observer equipped with binoculars and difital cameras or DSLR.  The birds that 
successfully observed were identified by referring to the book of Mac Kinnon, Karen Phillipps, Bas 
Van Ballen (2010). The data record including of: species of birds and a number of birds for each 
species, as well as the familia of the species identified. Variables to be studied were the relative 
abundance and species diversity index. Objects used in this study were birds in their habitat. 
While the equipment used is 16×50 binoculars, DSLR and pocket cameras, field guides for bird 
watching, and stationery. 
 

a. Relative Abundance 
Relative abundance was analyzed according to Lowen et al. (Colin Bibby 2000) by calculating the 
level of meeting; the number of birds were recorded  divided by duration of observation (hours), 
which gives the results of the number of birds per hour for each type, the formula is as follow; 

                   
                                      

                              
 

The data can be tabulated in order of abundance modest scale of Lowen et al. (Collin Bibby 2000) 
as shown in table 1: 
 
Table 1. Scale the level of meeting was determined by Relative Abundance Category abundance Score 
according to simple abundance level of Lowen et al. (Colin Bibby 2000) 

                   Category (The Number 
of Individual Bird for 20 hours observation) 

Abudance Score Scale  

<0,1 1 Rare 

0,1-2,0 2 Uncommon 

2,1-10,0 3 Uncommon 

10,1-40,0 4 Common 

>40,0 5 Abundant 

 
b. Species diversity index  
To determine the diversity indices, The Shannon-Wiener diversity index was used, the formula is: 

H '= - Σ Pi Pi ln 
H '= Shannon-Wiener diversity index Pi = (ni / N), ni = number of individuals to i, N = total number 
of individuals, ln = natural logarithm. 
The Category of low, middle and high were designated to get the value of Shannon-Wiener 
diversity indices based as showed in table 2; 
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Table 2. Criteria for Diversity Index 

Category Value 

Low <1 

Middle 1-3 

High >3 

 
RESULTS  
Species Composition  
The observation for 20 hours at each observation post (park) indicates that the diversity of bird 
species by species and familia vary from one to another, the diversity of familia and species 
founded presented in Figure 2 and Table as follow: 

.  
Figure 2. Number of Species based on Familia Name in 4 (four) City Parks of Malang 

 
Table 3. Familia and Species Name-List as Observations from 4 different parks in Malang 

No Familia Species Park’s Name (Location) 

Alun Alun Trunojoyo Merjosari  Ijen 

1 1. Apodidae Collichia linchi 5 5 5 5 

2 2. Ploceidae Passer montana  5 4 5 4 

3   Lonchura maja* 0 0 0 2 

4   Lonchura 
leucogastroides 

4 4 4 5 

5   Lonchura 
punctulata 

0 4 0 0 

6   Ploceus manyar  2 2 0 0 

7 3. Chloropseidae Prinia familiaris 2 0 0 0 

8 4. Columbidae Columba livia 5 0 3 0 

9   Streptopelia 
chinensis 

1 2 0 2 

10   Streptopelia 
biqortua 

0 0 0 2 

11 5. Pycnotidae Pycnonotous 
aurigaster 

5 4 4 5 
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No Familia Species Park’s Name (Location) 

Alun Alun Trunojoyo Merjosari  Ijen 

12   Pycnonotous 
goavier 

4 0 0 0 

13 6. Zosterpidae Zosterops flavus 4 1 4 2 

14 7. Nectarinidae Nectarinia 
jugularis* 

4 4 3 2 

15 8. Psittaculidae Loriculus pusillus* 1 0 0 0 

16 9. Anatidae Cairina moschata 0 0 2 0 

17   Anas platyrhynchos 0 0 2 0 

18 10. Phasianidae Gallus domesticus 0 0 2 1 

19 11. Accipitridae Spizaetus bartelsi* 0 0 1 0 

  Note:  
1-5 = levels of appearance (0= not observed, 1=Rarely, 2=Not General, 3=General, 4=Often, 5=Abundant) 
  *) Protected animals, based on the Ministry of Forestry regulation (PP No 7 Tahun 1999)   

 
Diversity Index  
Based on the analysis of Shannon-Wiener diversity index (H '), four city park has a value H' of 
each are presented in Table 3 below; 
 
Table 4. Shannon-Wiener diversity index 

No Park's Name 
Area Square 
(m

2) Family Number Species number H' 

1 Alun alun 23970 9 12 1.48 

 Alun-alun (Tamsil, 2009) 23970 7 14  

2 Trunojoyo 5840 6 9 1.40 

3 Merjosari 18328 8 11 1.02 

4 Ijen 10681 8 11 1.49 

 Ijen (Tamsil, 2009) 10681 7 10  

 
Tabel 5. The species with the high abundance and/or protected by law 

No Park's Name species with the high abundance
 

species protected by law 

1 Alun alun 
Collichia linchi  
Passer montana 

Nectarinia jugularis 
Loriculus pusillus 

2 Trunojoyo Collichia linchi Nectarinia jugularis 

3 Merjosari 
Collichia linchi  
Passer montana 

Nectarinia jugularis 
Spizaetus bartelsi 

4 Ijen 
Collichia linchi,  
Lonchura leucogastroides 

Nectarinia jugularis 
Lonchura maja 

 
DISCUSSION 
Columbidae and Ploceidae are the familia which contribute 3 species for each and draw the 
highest speciess richness (figure 2). By calculating the level of meeting to show the scale and the 
order of simple abundance by Lowen et al. (Colin Bibby 2000) equation, showed that Collichia 
linchi has “high” level of appearance  ith the scale of 5 (more than 4  individuals observed for 2  
hours of observation) in all park. Alun-alun and Merjosari park, while the species of and Passer 
montana and Lonchura leucogastroides founded “high” in Alun-laun and Ijen park respectively. 
The Number of Familia and species found based on different locations can be seen in figure 3, 
whereas the 12 species of 9 Familia (12-9); 9-6, 11 8, 11-8 of birds were observed successfully in 
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Alun-alun, Trunojoyo, Merjosari and Ijen Park respectively (see Figure 3 and Table 4). Studies 
from four city park have shown that the diversity tends to medium-low on all four of the 
park(Table 4), showed that there are environmental factors such as environmental stress on birds 
(Turner, 2002 in Chowdhury et al, 2014). Also the phenomenon of bird that has a category of 
abundant, dominated by two species in each park (Table 4).  
Alun-alun Park has higher number of species (table 4) than the others because of the structure of 
the vegetation that support bird life such as the presence of shade trees such as trembesi (Albizia 
saman), mahogany (Swietenia macrophylla), and banyan (Ficus benjamina) are quite commonly 
found in Ijen Park. Those are threes are less found in the Trunojoyo, Merjosari and Ijen Park. 
Making up a habitat vegetation structure affects the existence of a species of birds in this habitat. 
Sujatnika et al. (1995) states that a habitat must be able to provide the basic needs of animal 
populations, including food, water, clean air, mineral salts, shelter, breed, as well as a place for 
raising children. Slight changes in habitat conditions that cause imbalance components, will result 
the bird population decline and eventually disappear. That is because birds have a high sensitivity 
to environmental changes (Sujatnika, et al, 1995 and Chowdhury et al, 2014). The existence of 
bird species in the park area and Merjosari square and ijen relatively moderate, indicating that 
the park is still able to provide the basic needs of the population of birds although habitat 
recovery need to be improved. 
The study conducted by Tamsil (2009) showed that in 3 parks of Malang (Alun-alun, Merdeka 
Square, and Ijen Park) has discovered 15 species of birds from 8 familia, 9 species from 5 familia, 
14 species from 7 familia, and 10 species from 7 familia in Alun-alun, Merdeka Square, and Ijen 
Park respectively. In comparison with present study whereas in Alun-alun found 11 species from 
8 familia which specifically on the observations in the Park Ijen previously in 2009 founded 10 
species from 7 familia (Tamsil, 2009), in the othe hand this present study revealed that 11 species 
of 8 familia founded. This suggests that the distribution of the species from 2009 to 2015 in Ijen 
Park is not dramatically changed (See Table 4). 
Based on the Shannon-Wiener diversity index calculation, the diversity of species in four city 
parks Alun-alun, Trunojoyo, Merjosari and ijen are 1.48, 1:40, 1:02 and 1:49 respectively, 
meaning that the diversity index of four parks categorized in the medium-low diversity, as under 
1.5 of scale (see table 4). 
Especially for Merjosari park, despite having a number of species as many as 11, but it has a H 
'lower level than Ijen, it is may be due to in Merjosari park, its structure vegetation less support 
the existence of bird, i.e the dominance of small and short trees, i.e palm trees and ornamental 
plants, whereas very few shade trees available. There are 6 interrelated factors that determine 
the rise and decline of species diversity in one community, namely: time, space heterogeneity, 
competition, predation, environmental stability and productivity (Krebs 1978 in Hidayat, 2013). 
Relatively lower-medium diversity index in 4 parks of Malang probably due to the instability of 
the environment due to human intervention, water and air pollution, and the renovation of the 
park some of monts ago. 
Birds that have a very high abundance and protected under Annex Regulation No. 7 of 1999 on 
each of the 4 station observations are presented as Table 5. Collichia Linchi and Passer Montana 
are the abundant bird population in all city parks, except in Ijen whereas beside the Collichia 
Linchi, Lonchura leucogastroides is also abundant. The protected species observed were 
Nectarinia jugular inhabits in all of city parks, Loriculus pusillus (in alun-alun) and Lonchura maja 
(ijen). In addition Spizaetus bartelsi appeared in Merjosari park when it was flying, this last 
species categorized as vulnerable according to IUCN(Criticallly Endangered /CR). 
Green spaces (RTH) have an important role in affecting diversity index by minimizing or reducing 
the air and water pollution, increasing the number of trees and maintaining ecological balance. 
Increasing urbanization and the construction of the building caused a decline in native bird 
communities that will be dominated by non-native bird species (Marzluff et al., 1998). 
In addition, urban air pollution is also a major effect on decreasing the number and species of 
birds in an ecosystem, heavy metal contamination in female birds led to birds’ migration, death, 
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and causing damage to the reproductive organs (Eeva et al., 2009). Air pollution is also very 
disturbing bird’s incubation process either directly or indirectly, due to reduced food intake, 
stress and inhibition of fur dyeing process (Chowdhury et al, 2014). 
The results showed that the swallow (Collichia Linchi) and sparrow (Passer Montana) are the 
most dominant species, this is due to its ability in life in urban areas. Sparrow can be used as 
bioindicators of environmental hygiene because of its ability to adapt in some level of pollution. 
Dueñas et al., 2014 reported that the urban park contains many pollutants will be abandoned by 
the sparrow, although migration to another other places with lower pollution levels is also an 
option as happened in The Big and crowded city which is contaminated with the pollution such as 
Washington DC (Hadidian et al., 1997) was also the cities in North America, Europe and Japan 
(Turner et al., 2004; Tratalos et al., 2007a, b, Chowdhury et al, 2014) 
The tendency of species diversity indices were lower in present study due to the possibility of not 
just one factor, but a combination of various factors, such as air pollution, human existence 
disturbance, landscape (or layout) changed as a renovation project by the government. 
This study is only a preliminary study related to the diversity of birds in congested areas so that 
the more study is needed to examine holistically the influence of pollution and the effect on 
biochemical and genetic damage in urban birds by using a specific instrument. Subsequent 
studies can also be conducted in further research especially to eximine two bird species tolerancy 
against pollution and urban congestion and used as a natural marker of bioindicator. 
Conservation of protected birds should be expedited in order to save it as a local wealth and 
resources. 
 
CONCLUSION 
Present study revealed that, totally 4 parks have 11 familia and 19 species of birds. Based on the 
Shannon-Wiener diversity index calculation, the diversity indices in Alun-alun, Trunojoyo, 
Merjosari and Ijen are 1.48, 1:40, 1:02 and 1:49 respectively, meaning that the diversity index of 
four parks could be categorized in the medium to low diversity. Collichia Linchi and Passer 
montana are the abundant bird population in all city parks, except in Ijen whereas Collichia Linchi 
and Lonchura leucogastroides are also abundant. The protected species observed were 
Nectarinia jugularis inhabit in all of city parks, Loriculus pusillus (in alun-alun) and Lonchura maja 
(ijen). In addition Spizaetus bartelsi appeared in Merjosari Park, a species categorized as 
vulnerable according to ICUN. 
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ABSTRACT 
Helminthiasis was still a burden for several developing countries including Indonesia. Elementary 
school students are susceptible to helminthiasis which most likely to happen due to the lack of 
sanitation. In their daily life, children tend to be careless for sanitation. Playing in the ground 
 ithout using slipper or shoe increasing the chance for contact  ith helminth’s egg in the soil. 
Based on the recommendation from Hulu Sungai Utara Official of Health and the officer in 
Banjang Primary Health Care, we have done a survey to detect the presence of helminth’s egg in 
stools obtained from Madrasah Ibtidaiyah Negeri (MIN) Kalintamui students. Total sampling on 
MIN Kalintamui students was done in April 2015 by collecting stool samples using formalin-
preloaded pot. Stool samples have been collected and were brought to Parasitology Laboratory 
of Tanah Bumbu National Agency on Zoonosis Control Research and Development (Balai Litbang 
P2B2 Tanah Bumbu). These samples were then checked using microscope. Within 159 students 
who returned the stool pot, 78 students (49.06%) were male, and 81 students (50.94%) were 
female. Among those students, 5 (prevalence value 3.14%) were positive for helminth eggs. This 
value was far lower than previous survey conducted by Banjang Primary Health Care (18.52%). 
Our assumption was this result could be a fallout from Filaria Mass Drug Administration (MDA) 
conducted less than a year before our survey. Furthermore, we have observed that students in 
MIN Kalintamui have used the tap water to wash their hand before entering the class after break 
time and we found very few students who does not use a shoe when playing in front of the class. 
This finding might confirmed that the sanitation approach conducted by the school was 
successful. 
 
Keywords: helminthiasis, sanitation, elementary school student, Kalintamui 
 
INTRODUCTION 
Helminth infection was one of the common diseases that get less attention in society (neglected 
diseases). Neglected diseases did not cause sudden outbreak or causing many sufferers, but it 
will slowly eroding human health, causing permanent disability, decline in children's intelligence, 
and eventually could also led to death (Sumanto 2010). 
Due to the high prevalence, helminthiasis in tropical areas require a serious attention. It usually 
effect to developed countries, and especially in Indonesia it was found mostly at low socio-
economic villages (Waris 2008). This disease were commonly found in areas with high humidity 
along with low environmental conditions and personal hygiene, resulting declination in health, 
nutrition, intelligence and productivity of the patient as well as the economic losses (Sadjimin 
2000; Rusmanto 2010). 
Human of all ages can be infected by helminth, but the risk was higher to the children at earlier 
ages. Elementary school students are susceptible to helminthiasis which most likely to happen 
due to the lack of sanitation. In their daily life, children were tend to be careless for sanitation. 
Playing in the ground without using slipper or shoe increasing the chance for contact with 
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helminth’s egg in the soil (Masbar & Purnomo 1977; Zulkroni 2010). Generally, helminth took 
nutrients such as proteins, carbohydrates and also the blood from it host. Deficiency of these 
substances will cause children to easily tired and unenergetic. In the long term this will result in 
decreased quality of human resources (Zulkroni 2010). Some risk factors that affect the incidence 
of worm infection among school children were the habit of washing hands using soap, wearing 
footwear when outside the house, cutting nails, and defecation (Fitri et al. 2012; Pertiwi et al. 
2013). 
According to the WHO (World Health Organization), more than 1.5 billion people or 24% of the 
world's population were infected by soil-transmitted helminths (STH). No less than 270 million 
preschool children and 600 million children of school age lived in area where these parasites 
were intensively transmitted. Thus, it require treatment and prevention efforts (WHO n.d.). A 
survey conducted on 2006 in 27 provinces of Indonesia found that prevalence of Ascaris 
lumbricoides, Trichuris trichiura and hookworm in elementary school children were 17.8%, 24.2% 
and 1.0% respectively (Anonim 2006b). Health Official of Hulu Sungai Utara District has done a 
similar survey on 1.889 elementary school children in 2012, resulting helminthiasis prevalence of 
12.76% (Anonim 2012). 
Based on the decree of Indonesian Health Minister Number 424 (2006) on guidelines for 
helminthiasis control, it was targeted in 2010 that the prevalence of helminthiasis should be less 
than 10% (Anonim 2006a). However, the 2012 survey result was still above 10%. Helminthiasis 
control are integrated work of the Health Official and Primary Health Care as implementers of 
health programs in the region. High prevalence of helminthiasis can be the result of less optimum 
helminthiasis program implementation in the society. 
Madrasah Ibtidaiyah Negeri (MIN) Kalintamui was chosen for this study by the recommendation 
from the officer of Banjang Primary Health Care. Previous survey in 2012 showed prevalence 
number of helminthiasis was 18.52%, this value was higher than the Health Ministry target. It will 
be interesting to seek if recent result is differ with the previous result and describe some related 
factors. 
 
METHODS 
A total sampling on Madrasah Ibtidaiyah Negeri (MIN) Kalintamui students was done in April 
2015 by collecting stool samples using formalin-preloaded pot. We distributed the pots in the 
first day and collected them in the second and third day. We also included an informed consent 
to verify that parents or trustees are well informed about our purpose to collect stool samples. 
Students who were not collected the pots in the last day were considered as exclusion category. 
Stool samples have been collected and were brought to Parasitology Laboratory of Tanah Bumbu 
National Agency on Zoonosis Control Research and Development (Balai Litbang P2B2 Tanah 
Bumbu). These samples were then checked using microscope for the present of helminth eggs by 
our laboratory analyst. 
 
RESULT 
By the third day of our survey, 159 students returned the stool pot. Several students did not 
returned the pot with an excuse that they were reluctant bringing the stool pot to the school. 
Among those who returned the pot, 78 students (49,06%) were male, and 81 students (50,94%) 
were female (Table 1). Microscopic analysis showed that 5 students (prevalence value 3,14%) 
were positive for helminth eggs. For ethic reason, detailed result of microscopic analysis is not 
presented. 

Table 2. Number of students returned the pot and positive for helminth egg 

 Returned the pot Positive for helminth egg 

 n % n % 

Male 78 49,06 3 1,89 
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Female 81 50,94 2 1,26 

Total 159  5  

 
DISCUSSION 
There were 5 students (prevalence value 3,14%) positive for helminth eggs. This result was far 
lower than previous survey conducted in 2012 by Banjang Primary Health Care (18,52%). We 
assumed that the decline could be a fallout from Filaria Mass Drug Administration (MDA) started 
less than a year before our survey. Although we did not further questioned the students whether 
they drank the filaria drug or not, MDA of filaria was meant to be given to all people in the 
district except for children under 2 year, pregnant women, and very sick people (Ichimori 2014). 
The effect of Diethylcarbamazine (DEC) with Albendazole (ABZ) given in MDA has been proven 
manage to kill intestinal parasitic worm inside human body (Swanson et al. 2012; Oyewole et al. 
2007; Beach et al. 1999).  
Among those positive students, 3 (1,89%) were male and 2 (1,26) were female. This result similar 
to other studies that suggest both male and female students have the same chance to be 
infected by helminth (Ginting 2006; Sandy et al. 2015). However, the chance of male students to 
be infected could increase due to their habit playing outside barefoot. 
Elementary school students are susceptible to helminthiasis which most likely to happen due to 
the lack of sanitation. We have observed that within 3 days of our presence in the school, the 
students of MIN Kalintamui have done fairly personal hygienic behavior. The school provided a 
tap water in front of every class, and most of the student have use the tap water before entering 
the class after the break. We also found only a few students who did not use a shoe when playing 
outside the class. This finding might indicate that the sanitation approach conducted by the 
school was successful. 
Additionally, we have informed this result to the school principal of MIN Kalintamui and the 
officer who hold helminthiasis control program in Banjang Primary Health Care. Though the 
result was far below than the Health Ministry target and showed positive trend on helminthiasis 
control, we advised that school-localized MDA (not selective) should be done to prevent 
outbreak. This choice is also better in order to keep the information of positive students 
classified. 
 
CONCLUSION 
Our study confirmed that prevalence of helminthiasis in MIN Kalintamui have been decreased 
from the previous result. This decrease could be the result of a fallout from Filaria Mass Drug 
Administration (MDA) conducted less than a year before our survey. Nevertheless, the school 
have also showed positive manner to participate in helminthiasis control by providing sanitation 
for the students. 
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ABSTRACT 
The use of mosquito coil to control mosquitoes is already familiar in Banjarbaru. There is 
possibility that mosquitoes build up resistance to the active ingredients in mosquito coil. A 
research has been carried out on   resistance of mosquitoes used Aedes aegypti mosquitoes from 
settlements in Banjarbaru as a test subject for resistance levels and Ae. Aegypti  mosquitoes from 
Sultan Adam forest Mandiangin as standardized comparison mosquitoes that had not been 
exposed to insecticide.The test procedures refered to the standard procedures of SIRIM. The 
mosquito coils which were used in this research consists of  Translutrin (0.03%), Metoflutrin 
(0.01%), d-alterin (0.3%), d-alterin (0.1%), Transflutrin (0.028%), and Metoflutrin (0.02%). Data 
were analyzed with probit analysis to obtain KT50 and KT90. The result showed Ae. aegypti 
originated from Banjarbaru has a higher KT50 and KT90 to all active ingridients in mosquito coil 
compared to Ae. aegypti from Sultan Adam Mandiangin forest. The test results showed Ae. 
aegypti from Banjarbaru have resistance towards the active materials in mosquito coil 
Transflutrin (0.03%), Metoflutrin (0.01%), d-alterin (0.3%), Transflutrin (0.028%), and Metoflutrin 
(0.02%). 
 
Key Words: Aedesaegypti, resistance, mosquito coil. 
 
INTRODUCTION 
Ae.  aegypti resistance on insecticides can threaten the success of the vector control program in 
Indonesia. The growth of resistance can be prevented through an effective application of 
mosquito control system. To obtain an effective mosquito control system, a research about the 
level and defense mechanisms of mosquitoes which can cause resistance to mosquito coil is 
needed (Francis and O’meara, 2  8).   
Ae. aegypti is resistant to DDT (Yuniarti and Umi, 2004). Several studies have shown the presence 
of mosquitoes which are resistant to the general materials in insecticides.  It is important to know 
the resistance of Ae. aegypti mosquitoes from Banjarbaru on mosquito coils, remembering a 
species of mosquitoes from Banjarbaru is the Ae. aegypti as the vecto of Dengue Hemorrhagic 
fever.  
Therefore, it is necessary to conduct a research on Ae. aegypti mosquitoes from Banjarbaru 
resistance level towards several mosquito coils that are availabe in Banjarbaru. The objectives of 
this research were to calculate the resistances of Ae. aegypti mosquitoes which are collected 
from Banjarbaru towards several mosquito coils. 
 
MATERIALS AND METHODS 
This research used Ae. egypti mosquitoes originated from Banjarbaru villages and Sultan Adam 
forest Mandiangin.  Mosquito samples from Banjarbaru derived from villages whose inhabitants 
use mosquito coils as a way to control mosquitoes. While the mosquito samples from Sultan 
Adam forest Mandiangin that have not been exposed to mosquito coils. How to obtain eggs of 
mosquitoes by installing trap. The eggs were then hatched into broodstock reared in the 
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laboratory. Mosquitoes were used in this study is the first offspring.  The resistance tests that are 
used in this research followed the standard SIRIM (Standard and Industrial Research Institut of 
Malaysia) specifically to test mosquito coils. Mosquito coils which are used in this research are 
the common ones in Banjarbaru. This research used five mosquito coils with five different active 
materials (table 1). 
 
Table 1. Information on active materials in mosquito coils from  Banjarbaru 

No Contents of Active Materials 

1 Transflutrin (0,03%) 

2 Metoflutrin (0,01%) 

3 d-aletrin (0,3%) 

4 Mixture of d-aletrin (0,1%)b with Transflutrin (0,028%) 

5 Metoflutrin (0,02%) 

Source :Mosquito coils package 
 

The resistance of Ae. aegypti mosquitoes were tested by inserting 2 days old Ae.  aegypti as many 
as 25 of them to the test cage. The mosquitoes in the cage are exposed to smokes from mosquito 
coils then observed and counted the number of mosquitoes that died by gluing it on labeled 
paper. This experiment was repeated five times for each type and dose of mosquito coils (Yap et 
al, 2005). 
The numbers of mosquitoes that die during the test were the put into probit calculation to 
determine KT (Knockdown Time) 50 and KT90. KT observations were made after the mosquitoes 
 ere exposed for 6  minutes.  Indicators of mosquito’s resistance can be seen in the KT test 
results 50 and 90. Mosquito coils which were used are listed in Table 1. 
 
RESULTS AND DISCUSION 
The lowest KT50of mosquito coils on Ae. aegypti mosquitoes from Banjarbaru was 89 minutes 
with 0.01% dose of metoflutrin. The highest KT90 of mosquito coils was 482 minutes with 0.02% 
of metoflutrin and the lowest was mosquito coil with 0.01% metoflutrin as the active material 
with time 225 minutes ( Table 2). 
The lowest KT50 of mosquito coils on Ae. aegypti mosquitoes from Tahura Mandiangin was 
owned by 0.01% of metoflutrin, d-alterin 0.3%, and a mixture of d-alterin (0.1%) and Transflutrin 
(0.028%) which was 0%. The highest KT90 mosquito coils with active materials metoflutrin 0.02% 
which was 258 minutes and the lowest KT90 of mosquito coils was 126 minutes with 0.01% of 
metoflutrin (Table 2). 
 
Table 2.  Calculation result of KT50 and KT90 mosquito coils on Ae. aegypti from Banjarbaru and Sultan Adam 
forest Mandiangin. 

 BANJARBARU 
Sultan Adam forest 
Mandiangin  

Contents of Active Materials KT50 (minutes) KT90 (minutes) KT50 (minutes) KT90 (minutes) 

Transflutrin (0,03%) 158 355 132 281 

Metoflutrin (0,01%) 89 225 0 126 

d-aletrin (0,3%) 94 397 0 213 

d-aletrin (0,1%) 
Transflutrin (0,028%) 170 282 0 127 

Metoflutrin (0,02%) 147 482 75 258 
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Table 3  ANOVA test results mosquitoes death from Banjarbaru and Sultan Adam forest Mandiangin based 
on the value Knock time 

Source of Variation SS Df MS F P-value F crit 

Between Groups 20340.1 1 20340.1 8.088962 0.021674 5.317655 

Within Groups 20116.4 8 2514.55 
   

       
Total 40456.5 9         

 
In general the ratio of KT50 and KT90  mosquito coils on mosquitoes from Banjarbaru with Sultan 
Adam forest Mandiangin as the control group showed all active materials had a higher calculation 
on mosquitoes from Banjarbaru compared to mosquitoes from Sultan Adam forest Mandiangin 
which had not been exposed to mosquito coils (table 3). 
The results of KT50  mosquito coils calculations with d-alterin 0.3% as the active materials on 
mosquitoes from Banjarbaru is lower than any other active materials. It gives the highest toxicity 
compared to mosquito coils made up of a mixture of Transflutrin 0.028% and d-alterin 0.1% as 
the active materials. This research showed the content of active materials in mosquito coils with 
a mixture of Transflutrin 0.028% and d-alterin 0.1% had a low toxicity effect which could kill a 
mosquito in less than 60 minutes. on the other hand the calculation result of KT90 mosquito coils 
with active materials d-alterin 0.3% on mosquitoes from Banjarbaru was higher compared to 
other active materials Metoflutrin (0.01%) and mixture of dalterin (0.1%) and Transflutrin 
(0.028%). This showed that some mosquitoes were sensitive to d-alterin 0.1% but some others 
are started to resist d-alterin 0.1%. 
The calculation result of KT50 and KT90 on mosquito coils’ active materials Transflutrin  . 3  and 
Metoflutrin (0.02%) is high on Ae. aegypti from Tahura Mandiangin. This indicate that the 
sensitivity of Ae. aegypti towards the two active materials is low to toxicity. However if compared 
to the calculation og KT50 and KT90 on Ae. aegypti from Banjarbaru is higher than the ones from 
TahuraMandiangin. This also indicates that Ae.   aegypti from Banjarbaru started to resist the two 
active materials.  
The calculation result from KT50 and KT90 from mosquito coils with a mixture of d-alterin (0.1%) 
and Transflutrin( 0.028%) as active materials showed a higher result to Ae. aegypti from 
Banjarbaru than to any other active materials. While the calculation result of KT50 and KT90 from 
mosquito coils with active materials d-alterin (0.1%) and Transflutrin (0.028%) to Ae. aegypti 
from Tahura is lower than any other active materials. This suggests that the combination of the 
two active materials quickens the Ae. aegyptiresistance to form compared to any other active 
materials (Felix, 2008). 
The routine use of mosquito coils will caused the accumulation of these compounds in the 
environment where Ae. aegypti lives and looks for blood as nutrition for growth and develop 
eggs  to become fertile. A good adaptation by Ae.aegypti will make it resist the active materials in 
mosquito coils. This incident occurred not just in Banjarbaru but in other settlements, for 
example Ae. aegypti in Ghana had shown resistance to mosquitoes repellent piretyroid (Coetzee 
et al, 2006).  
Controlling Ae.aegypti mosquitoes in Banjarbaru using mosquito coils should be thought over and 
looked for a replacement that would not build up a resistance, for instance integrated 
mosquitoes control using a biological agent that is safe for environment and humans 
 
CONCLUSION  
Ae. aegypti from Banjarbaru starts to resist active materials found in mosquito coils such as 
Transflutrin (0.03%), Metoflutrin (0.01%) and a mixture of d-alterin (0.01%) with Transflutrin 
(0.028%) 
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ABSTRACT 
This research was aimed to identify the level of knowledge and utilization of understory 
species by the Dayak Meratus tribe; and their traditional wisdom to conserve these 
species. Vegetation analysis of understory species was made using a transect method 
taken from the edge up into inside the forest along ± 1 km. Continues plot was used with 
a size of 10 m x 10 m and identification of understory species was done by LIPI Bogor. 
Semi-structural interviews by filling questionnaires were conducted using a purposive 
sampling method. The result identified 46 understory species. The knowledge level of 
the Dayak Meratus tribe based on age groups was similar. Also, the most utilized 
understory species by local people was for medicine followed by food. Moreover, leaf 
parts were commonly used to formulate medicine. They conserved these species with 
planting and maintaining them in their backyard, in the field, and or inside the forest. 
 
Keywords: Ethno-botany, Understory species, the Dayak Meratus tribe 
 
INDTRODUCTION 
Loksado is an area situated in the region of South Kalimantan, precisely in the upstream 
of southern district. People who are living in district Loksado are mostly the Dayak 
Meratus tribe / Dayak Hill tribe and the Banjar tribe. These people have spread in 
several villages and one of them has in the Tumingki village. Local people who are living 
in the Tumingki village are truly dependent on the Loksado Protected Forest resources, 
especially plants. The plant is used as food resources, medicines, the crafts, building 
materials and others.  
Plants used by the Tumingki village vary from trees to understory species. Understory 
species referred to the types of plants that grow into forest floors such as clump, 
Herbaceous, shrub, bush, fern, liana and epiphyte. A utilization of understory species by 
local community can be examined through an ethnobotanical study. It is aimed to know 
resource utilization woodland understory species by their experience or traditional 
knowledge from forefathers. 
The aimed of this research was to identify the knowledge level and the utilization of 
understory species by the Dayak Bukit tribe who live in the Tumingki village; and their 
traditional wisdom which is in line with conserving the understory species. 
 
MATERIALS AND METHODS 
Study area 
The study research area was conducted in the Tumingki village located in the Loksado 
Protected forest. The village is approximately 4 miles from the Loksado district office. 
Based on Cani (2014), the Tumingki village has populated around 809 persons or 253 
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families and mostly included the Dayak Meratus tribe / Dayak Hill tribe and the Banjar 
tribe. In addition, The Tumingki village has three traditional halls, namely the Ayitih hall, 
the Tanginau hall and the Haruyan hall. The location of the Tumingki village is presented 
in Figure 1. 

 
Figure 1. The study area in the the Tumingki village 

 
PROCEDURES 
Technique interview  
Data collection of an ethnobotanical study was done through semi-structural interviews 
by filling questionnaires. The distinction of respondents was conducted using a 
purposive sampling method. 
 
Observation / field observation  
Vegetation analysis was used to achieve the research purposes particularly plant 
varieties to support an ethnobotanical study.  The analysis was conducted in the field 
and line transect was made until ± 1 km from the forest edge. Along the transect, plots 
were established every 250 m with the size of 10 m x 10 m. After that, understory 
species found inside the plots was made into Herbaceousrium and their identification 
was done done by the LIPI Bogor. 
 
Data Analysis 
Level of utilization the understory species 
The percentage of benefits was calculated using the formula (Suansa, 2011):  

                                   
  for certain benefits

  entire benefit
        

 
The percentage of plant parts was measured using the formula: 

                                 
  certain parts that used

  all parts utili ed
        

 
The formula used to calculate the percentage of habitus based on Anggana (2011): 

                                       
  certain habitus that utili ed

  entire habitus  hich utili ed
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Level of knowledge by local community  
The assessment of local knowledge for the people in the district Tumingki about their 
utilization of understory species namely food, medicine, cosmetics, handicrafts, building 
materials / interiors and natural poison could be done based on the quantitative 
assessment. Knowledge level of respondents was classified according to the age group 
Suansa (2011): 

    
  

  
 Σ Vi  , whereas  

Mgj = the average knowledge level by members of the group j  
n  = Total of members in the group j 
Vi = Total of knowledge by members of the group i j 
j  = Class of age 
 
Data percentage of questionnaire results  
The questionnaire is a guide used by researchers to conduct interviews with 
respondents. Results of the questionnaire can be calculated in a way: 

                                     
 selected ans er

  all respondents
        

 
RESULTS 
A total of 46 species from 27 family by understory species in detected have been 
identified through a transect along the ± 1 km. 
Tabel 1. Understory species in the Loksado Protected Forest 

No Familia Species Local Name   Individu Habitus 

1 Primulaceae Labisia pumila (Blume) Mez Anggrek Tanah 2 Herbaceousceous 

2 Poaceae Imperata cylindrical (L.) 
Raeusch. 

Padang 6 Herbaceous 

3 Bromeliaceae Ananas comosus Merr Nanas 5 Herbaceous 

4 Zingiberaceae -* Tapus 11 Herbaceous 

5 Poaceae Cymbopogon sp. Jalung Kuda 3 Herbaceous 

6 Poaceae Axonopus compressus (Sw.) 
P.Beauv. 

Rumput 
Galung/Galung 
rambut 

6 Herbaceous 

7 Zingiberaceae -* Talaran 3 Herbaceous 

8 Araceae Rhaphidophora sp. Kamaralungan 4 Herbaceous 

9 Leguminosae Mucuna sp. Akar Carikan Darah 12 Liana 

10 Piperaceae Piper sp. Cambai/sirih 8 Liana 

11 Rubiaceae Coptosapelta flavescens Korth. Akar Ketumbar 15 Liana 

12 Menispermaceae Fibraurea tinctoria Lour. Akar Arau 3 Liana 

13 Smilacaceae Smilax zeylanica L. Rerangka Hijau 1 Liana 

14 -** - Akar Gantung 1 Liana 

15 Rubiaceae Coelospermum scandens Blume Gitaan Burung 6 Liana 

16 Leguminosea Derris sp. Tuba Kungkung 5 Liana 

17 -*** - Talimpuh  1 Liana 

18 Compositae Mikania cordata 
(Burm.f.)B.L.Rob. 

Akar 95 7 Liana 

19 Dioscoreaceae Dioscorea hispida Dennst. Gadung Tujuh 13 Liana 

20 Convolvulaceae Ipomoea Trichosperma Blume Gumbili Layap 5 Liana 

21 Thelypteridaceae Pronephrium nitidum Holttum Singgagai 270 Fern 

22 Gleicheniaceae Dicranopteris linearis (Burm. f.) 
Underw 

Alang'am 82 Fern 

23 Pteridacea Pteris ensiformis Burm. f. Litu 19 Fern 

24 Davalliaceae Davallia corniculata T.Moore Paku Bakung 8 Fern 

25 Nephrolepidaceae Nephrolepis biserrata (Sw.) 
Schott 

Paku Hutan 37 Fern 

26 Blechnaceae Blechnum orietale L. Paku Lintung 10 Fern 
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27 Tectariaceae Tectaria melanocaula (Blume) 
Copel. 

Paku Durian 4 Fern 

28 Blechnaceae Stenochlaena palustris (burm. f.) 
Bedd 

Paku Habu 5 Fern 

29 Arecaceae -* Tu'u 6 Shrub 

30 Rhamnaceae Ziziphus rufula miq. Kuku Halang 9 Shrub 

31 Arecaceae Salacca zalacca (Gaertn.) Voss Salak 8 Shrub 

32 Compositae Chromolaena odorata (L.) 
R.M.King & H. Rob.Syn. 

Jalama 23 Shrub 

33 -*** - Ampun Nini 4 Shrub 

34 -*** - Rumput Sambung 6 Shrub 

35 Arecaceae Caryota sp. Risi-risi 5 Shrub 

36 Costacea Costus sp. Tawar-tawar 7 Shrub 

37 Polygalaceae Polygala paniculata L. Kayu Putih 9 Shrub 

38 Leguminosae -* Kacang Hutan 2 Shrub 

39 Acanthaceae Asystasia nemorum Nees 
 
 

Sesirihan/besirih 5 Shrub 

40 Urticaceae Laportea interrupta (L.) Chew Sesahang-sahang 5 Shrub 

41 Compositae Ageratum conyzoides (L.) L. Pulut-pulut 7 Shrub 

42 -*** - Tanpa Isi 2 Shrub 

43 Cyperaceae Scleria levis Retz. Bindrang 85 Bush 

44 Poaceae Bambusa sp. Bambu 1 Bush 

45 Arecaceae Calamus sp. Rotan/paikat/huyi 3 Bush 

46 Poaceae Gigantochloa sp. Paring Tali 1 Bush 

Total 740  

n.b : 
* = Identification until familia level 
** = Plant samples only existed in the field 
*** = Plant samples were broken 
 
Level of utilization by understory species 
Level of utilization by understory species was presented in Figure 2. 

Figure 2. Level utilization of understory species by inhabiting the the Tumingki village 
 

Medicine showed the highest proportion among all other utilization level of understory 
species followed by food and handicrafts respectively. Moreover, cosmetic, building 
interiors and natural poison shared an equal percentage of 5 % only.  
 
Plant parts are utilized by community the the Tumingki village 
Although root showed a high percentage of plant part utilized by local people, still leaf 
parts existed the top proportion compared to other plant parts, leaving stem parts, 
fruits, tuber, water and sap. In addition, flower was utilized the lowest one among all 
other plant parts. 
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Figure 3. Utilization of understory species by parts of plants 
 
Modes of habitus utilized by local community in the Tumingki village 
The utilization rate of each habitus was presented in Figure 4. 

Figure 4. Utilization of understory secies based on their habitus 

 
Although Liana showed the high proportion of plant used based on habitus which 
accounted 27%, still shrubs positioned as the most utilized among all other groups, 
leaving herbaceous and bushes by which 15% and 12% respectively.  
 
The level of knowledge (Traditional) Communities the the Tumingki village in the 
District Loksado 
Knowledge level of local people based on age groups showed almost the same results 
which were an elderly people showed 29 % followed by 60-79 years old, 40-59 years old 
and young cluster (20-39 years old) respectively. 

 
 
 
 
 
 
 

 

Figure 5. The level of knowledge the Tumingki village by age groups 

 
Level of utilization the understory species 
Based on the Figure 2, the Tumingki people has utilized understory species for various 
purposes. Most of understory species were used for medicines (50%), then by food 
(20%), crafts (15%) and so on. Understory species categorized as medicine include, 
Imperata cylindrical (L.) Raeusch., Cymbopogon sp., Axonopus compressus (Sw.) 
P.Beauv., Piper sp., Coptosapelta flavescens Korth., Fibraurea tinctoria Lour., Smilax 
zeylanica L., Coelospermum scandens Blume, Mikania cordata (Burm.f.) B.L.Rob., 
Davallia corniculata T.Moore, Blechnum orietale L., Ziziphus rufulamiq.,Chromolaena 
odorata (L.) R.M.King & H. Rob.Syn., Costus sp., Polygala paniculata L., Asystasia 
nemorum Nees, Ageratum conyzoides (L.) L., Pronephrium nitidum Holttum and Scleria 
levis Retz. In addition, there were 5 types of understory species which were also used as 
a medicinal plant but unknown species, namely the akar gantung, talimpuh, ampun nini, 
rumput sambung and tanpa isi. These species were examined to treat illness such as 
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colds, swollen medicine, medicine for women who have just given birth, cough, and 
other diseases. 
Food resources were Ananas comosus Merr, Ipomoea Trichosperma Blume, Tectaria 
melanocaula (Blume) Copel.,Stenochlaena palustris (burm. f.) Bedd, Salacca zalacca 
(Gaertn.) Voss, Caryota sp. In addition, there were 3 understory species that had 
benefits as food ingredients; however, these were not known, namely tapus, talaran 
and tanpa isi. High the level utilization of plants as a food ingredient is caused by people 
who often find these plants in the forest when they want to go farming. Utilization of 
understory species in the Tumingki village as a food ingredient mostly in the form of 
staple foods, fruits and vegetables. 
Cosmetic plants utilized by the villagers Tumingki generally processed by immersing the 
parts of the plant that is considered to have benefits such as roots in water for one night 
and after water immersion results can be used. Some understory species utilized as 
natural cosmetic ingredients by the villagers Tumingki namely Dicranopteris linearis 
(Burm. f.) Underw, Pteris ensiformis Burm. f., dan Rhaphidophora sp. According to 
residents in the the Tumingki village, the use of plants as natural cosmetic ingredients 
can be beneficial to strengthen and hair luxuriant and there is also useful as a 
reinforcement of the tooth. 
The understory species of utilization as craft materials by villagers Tumingki namely, 
Dicranopteris linearis (Burm. f.) Underw, Calamus sp., and Gigantochloa sp. The 
utilization of plants as craft materials in the the Tumingki village the form of a hoop 
bracelet, fish trap, hats, fans , arangan, butah and others. 
The utilization of plants as building interiors are more widely used, namely to make 
cottage (house used for storing crops), make a fence, house walls, floors, pillars and 
roof. The type of plant that is used by the villagers Tumngki as a building interior that is 
Bambusa sp., Mucuna sp. and Tu’u unkno n type of species. 
Poisonous plant is a plant that has a substance or gas, and if eaten or inhaled by living 
organisms can cause illness or death. The understory species used by villagers Tumingki 
as a natural toxin that Derris sp. and  Dioscorea hispida Dennst. The understory species 
of utilization as natural toxins in the the Tumingki village for example toxic to fish and 
toxic insecticides. 
 
Plant parts are utilized by community the the Tumingki village  
Based on Figure 3, the results of interviews with some of the villagers Tumingki shows 
the most widely used both for medicines, foods and other benefits that the leaves 
(35%), followed by roots (20%), then the stem(16%) so on. Utilization of the piece leaves 
more because it is easy to find and more numerous compared with other parts of plants. 
Leaves by residents in the village of Tumingki be used for various necessities of life such 
as food, medicines, cosmetics, and natural toxins. Hayati (2014) states that the use of 
leaves for the purposes of daily life is one way to forest conservation because do not 
interfere with the use of these plants compared utilization conditions at the roots, 
stems, and sap. 
 
That kind of habitus understory species ttilized by community the the Tumingki village 
A kind of habitus understory species which used by the the Tumingki village based on 
figure 4, the result of interview exhibiting that kind of shrub the most used by the village 
community Tumingki because Herbaceousceous plant easily found in the forest. Hence 
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of people in the Tumingki village more often use them in daily life as a food, medicines 
and cosmetics as Ziziphus rufula miq., Salacca zalacca, Chromolaena odorata (L.), dan 
Polygala paniculata L.. 
The use of understory species having the value the use of at least based on habitus 
namely epiphytic. Epiphytic habitus not found on research locations. In addition, 
according to the interviews with villagers Tumingki, plants of habitus epiphytic difficult 
to reach by the because of this plant life in in the trees so that it difficult to in an effort 
to the withdrawal. The majority of the population in the the Tumingki village in generally 
do not know of the benefits of plants habitus epiphytic. 

 
The level of knowledge (Traditional) Communities the the Tumingki village in the 
District Loksado 
based on figure 5 on data research, the result of research after do the interview directly 
with some respondents at to four age group shows that in to four fourth age group with 
the knowledge that is not very different. This show the Tumingki village age has not 
been affecting the knowledge of the use of understory species. 
 
CONCLUSION 
The level knowledge of the use of understory species with the highest score by age 
group of the inhabitants of the ranging from age 80-99 years with plant which many use 
as medicines. The resident Tumingki village attempted to understory species 
conservation of they use by means of planting it back in the forest or in lawns their 
homes. 
 
ACKNOWLEDGEMENT 
The authors were gratitude to the Department of Biology, Faculty of Mathematics and 
Natural Sciences, Lambung Mangkurat University, particularly to the supervisors, the 
community of the Tumingki village and the LIPI Bogor. 
 
REFERENCES 
Anggana, A. F. 2011. Kajian Etnobotani Masyarakat di Sekitar Taman Nasional Gunung Merapi (Studi Kasus di Desa 

Umbulharjo, Sidorejo, Wonodoyo dan Ngablak).  Skripsi.  Departemen Konservasi Sumberdaya Hutan Dan 
Ekowisata Fakultas Kehutanan Institut Pertanian Bogor. 

Cani (Seketaris Desa). 2014. Laporan Kependudukan Desa Tumingki. Loksado Kabupaten Hulu Sungai Selatan. 
Christanti, L. 2012. Kajian Etnobotani Tumbuhan Andong dari Genus Cordyline di Suku Dayak Meratus Desa Lok Lahung 

Kecamatan Loksado Kalimantan Selatan. Skripsi. MIPA Universitas Lambung Mangkurat. Banjarbaru. 
Cutton, C. M. 1996. Ethnobotany :Principles and Apllications. Scool of Life Science, Roehampton Institute London, UK. 
Dahir. 2012. Struktur dan Komposisi Vegetasi Tumbuhan Bawah (Bush, Herbaceous, dan Rumput) dengan Variasi 

Ketinggian, pada Naungan Tectona Grandis L.F, di Desa Selopamioro, Imogiri, Bantul, Yogyakarta. Skripsi Fakultas 
Sains dan Teknologi Uniersitas Islam Negeri Sunan Kalijaga. Yogyakarta. 

Damayanti, E.K. dan Siswoyo. 2011. Etnobotani Tumbuhan Pangan, Energi, Pewarna, Aromatik dan Racun. Departemen 
Konservasi Sumberdaya Hutan dan Ekowisata Fakultas Kehutanan Institut Pertanian Bogor. 

Hayati.  2014. Etnobotani di Desa Beringin dan Implementasinya dalam Pembuatan Film Dokumenter Manfaat 
Keanekaragaman Hayati. Program Studi Pendidikan Biologi Jurusan Fmipa Fakultas Keguruan dan Ilmu Pendidikan 
Universitas Tanjungpura. Pontianak. 

Magdalena. 2013. Peran Hukum Adat dalam Pengelolaan dan Perlindungan Hutan di Desa Sesaot, Nusa Tenggara Barat 
dan Desa Setulang, Kalimantan Timur. Jurnal Penelitian Sosial dan Ekonomi Kehutanan Vol. 10 No. 2. Pusat 
Penelitian dan Pengembangan Perubahan Iklim dan Kebijakan Jalan Gunung Batu No. 5. Bogor. 

POKJA AMPL Kabupaten Hulu Sungai Selatan. 2009. Buku Sanitasi Putih (BPS). Kabupaten Hulu Sungai Selatan. 
Pramita, N. H., Serafinah I. dan Luchman H. 2013. Etnobotani Upacara Kasada Masyarakat Tengger, di Desa Ngadas, 

Kecamatan Poncokusumo, Kabupaten Malang. Journal Of Indonesian Tourism And Development Studies Vol.1, 
No.2. MIPA Universitas Brawijaya. Malang. 



 

Proceedings of International Conference on NAMES 2015 | An Ethnobotany of Understory Species in the Loksado Protected 
Forest, South Kalimantan 

45 

 

Rahyuni, Eny Y. dan Ramadhanil P. 2013. Kajian Etnobotani Tumbuhan Ritual Suku Tajio di Desa Kasimbar Kabupaten 
Parigi Moutong. Jurnal Of Natural Science. Vol. 2 (2). MIPA Universitas Tadulako Kampus Bumi Tadulako Tondo 
Palu. Sulawesi Tengah. 

Suansa, N. I. 2011. Penggunaan Pengetahuan Etnobotani dalam Pengelolaan Hutan Adat Baduy. Skripsi. Departemen 
Konservasi Sumberdaya Hutan dan Ekowisata Fakultas Kehutanan Institut Pertanian Bogor. 

Suriawiria, U. 2000. Obat Mujarab dari Pekarangan Rumah. Papas Sinar Sinanti. Jakarta. 
Yunanisa. 2012. Struktur komunitas dan Komposisi Spesies Serta Potensi Pemanfaatan Tumbuhan Bawah di Hutan Kota 

Muhammad Sabki, Kota Jambi. Tesis. Universitas Indonesia FMIPA Pasca Sarjana. Depok. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 

Proceedings of International Conference on NAMES 2015 | The Tourist Perception Toward The Environmental Comforts of 
Natural Tourism Object, Pindul Cave In Gunung kidul Regency, Yogyakarta 

46 

 

The Tourist Perception Toward The Environmental Comforts 
of Natural Tourism Object, Pindul Cave In Gunung kidul 
Regency, Yogyakarta 
 
Surya Cipta Ramadhan Kete 
 
Department of Environmental Science, Faculty of Forestry and Environmental Science, 
Halu Oleo University, Kendari, Southeast Sulawesi 
*Corresponding author; e-mail: ketesurya@yahoo.com 

 
ABSTRACT 
The aims of this study are to determine the perception of tourists toward the environmental 
comforts of natural tourism object, Pindul Cave and the affecting  factors. The used methods was 
a survey method with qualitative and quantitative approaches. Data was collected through 
accidental sampling method by 76 respondents. Data were analyzed by SPSS programme. The 
results showed that the perception of tourists against environmental comforts of natural tourism 
object classified into less comfortable and comfortable categories, 51.3% and 48.7% respective. 
These perceptions were measured based on the opinions of tourists againts the biophysical and 
social environmental. The environmental comforts were influenced by the visiting time and the 
job of tourists. 

 
Keywords: Perception, environmental comforts, natural tourism, pindul cave 
 
INTRODUCTION 
The tourism is one of the most favored sector in Yogyakarta (DIY). This sector is expected to 
increase the income of the province and welfare of the community for sustainable development. 
Therefore, the tourism need to be preserved. Nowadays, one of the natural tourism object that 
are being developed is Pindul cave. It is located in Bejiharjo village, Karangmojo District, Gunung 
Kidul Regency, Yogyakarta.  
Pindul cave is one of the new destination regions for tourists. The object has the unique and 
beautiful characteristics. According to Kete (2013), the attractions of Pindul cave are the beauty 
of the cave ornaments and the existence of an underground river. In addition, Pindul cave is a 
home to humans in Prehistorical period and a recording of the our ancestors life. Those 
additional information give visitors the special impression so that the region is one of tourist 
destination in Yogyakarta. 
The activities of nature tourism in Pindul cave have a number of visits reached 107.998 people on 
September 2011 to March 2013 (Wirawisata, 2013). The number of tourists fluctuated every 
period because there was a conflict between the management and community of Pindul cave 
that claimed as the owner of the land that had adorned the mass media. The conflict gave a 
positive impact for the tourism of Pindul cave both domestic and international tourists. 
Currently, the number of visits increase significantly, especially on holidays. It exceeded  the 
carrying capacity of cave. It could made uncomfortable impression and perception of visitors for 
visit Pindul Cave. In this study a report has been made about the tourist perception toward the 
environmental comforts in natural tourism object of Pindul Cave, Gunung Kidul, Yogyakarta.  
 
MATERIAL AND METHODS 
This research was conducted in Pindul cave, Bejiharjo Village, Karangmojo District, Gunung Kidul 
Regency, Yogyakarta (Figure 1). The sampling was done by using accidental sampling method. 
The sampling was determined based on weekday (Monday, Tuesday, Wednesday, Thursday, and 
Friday) and weekend (Saturday and Sunday). The number of respondents was 76 people. It was 
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consisted of 38 people on weekday and 38 people on weekend. The collection of primary data 
was obtained through surveys, observations, and interviews with questionnaire, while the 
collection of secondary data was obtained through literature and previous research. The data 
analysis was conducted with qualitative and quantitative approaches to determine the 
perception of tourists against environmental comforts of cave tourism object. 

 
Figure 1. Research Sites 

 
RESULTS AND DISCUSSION 
a. Tourist Perception toward environmental comforts of cave tourism object 
The perception of environmental comforts is a paradigm of someone against comforts that 
experienced on the environment. It could determine the behavior for utilization of natural 
resources for tourism activities. The tourists visited Pindul cave have positive and negative 
perceptions against the cave environment. The result of questionnaire data about environmental 
comforts of cave tourism objectin Pindul cave was shown in Table 1. 
Table 1. Environmental Comforts of Tourism Object in Pindul cave 

No. Comfort level Respondents  Percentage (%) 

1. Uncomfortable - - 

2. Less comfortable 39 51,3 

3. Comfortable 37 48,7 

4. Very comfortable  - - 

 Sum 76 100 

Source: analysis of primary data, 2014 
 
Based on Table 1 showed that 39 people (51.3 %) had less comfortable perception to the 
environment comforts in Pindul cave, and 37 people (48,7 %) had comfortable perception. The 
perception was caused by environmental factors of cave tourism object both biophysical and 
social environment for support of tourism activities. Both aspects were important factors for 
environmental comforts of tourism. 
 
b. The influenced factors of the visitors perception against comforts of biophysical and social 
environment in Pindul cave 
The factors that affected the visitors perception against comforts of bio-physical and social 
environment in Pindul cave were visiting times, genders, education, incomes and employment.  
The effect of visiting times and visitors perception against comforts of  biophysical and social 
environment in Pindul cave 
The visiting could affect the tourist’s perception against comforts of biophysical and social 
environment in Pindul cave were seen in Table 2. The influence of the visiting time and visitors 
perception against comforts of bio-physical and social environment was analyzed by the Chi 
Square test. Based on probability and significance level of 0.05, all the numbers of probability 
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/ASYMP.SIG was under 0.05. It showed that there was a relationship between visiting time and 
visitors’ perception against comforts of biophysical and social environment in Pindul cave. The 
visiting time greatly affected the perception of tourists against comforts of biophysical and social 
environment in tourism object of Pindul cave. On weekend/holidays, the number of visitors in 
Pindul cave soared into exceeds the carrying capacity of the cave for tourism activities. On 
weekend/holidays, the space for group interaction in cave was narrow so it could give the 
uncomfortable perception against cave environment, whereas the space for group interaction in 
cave was large on weekday. Therefore, the best time for visit Pindul Cave was on weekday than 
on weekend.   
 
Table 2. The effect of visiting time and visitors perception againts comforts of bio-physical and social 
environment in Pindul cave 

No Category Weekday Weekend 

People % People  % 

1. Not comfortable - - - - 

2. Less comfortable 2 5.3 14 36.8 

3. Comfortable 36 94.7 24 63.2 

4. Very comfortable - - - - 

  Sum 38 100 38 100 

Source: analysis of primary data, 2014 
 
The influence of gender and visitors perception against comforts of  biophysical and social 
environment in Pindul cave 
The gender was one of factors that could determine comforts of environment in cave. The 
females have a sensitive characteristic toward the environmental change than males. Based on 
the research, the number of males dominated about 64,5%, whereas females just about 35,5%. 
The percentage was shown in Table 3. Based on the Chi Square analysis was known that a 
significant p-value was 0.561 and Chi Square value was 0.337. The significant p-value 0.561 was 
larger than 0.05, so there was not relationship between the gender and visitors perception 
against comforts of biophysical and social environment in tourism object of Pindul cave.   
 
Table 3. The characteristic of respondents based on the Gender  

No. Gender The visiting time Total Percentage (%) 

weekday weekend 

people % people % 

1. Male 23 60,5 26 68,4 49 64,5 

2. Female 15 39,5 12 31,6 27 35,5 

Sum 38 100 38 100 76 100 

Source: analysis of primary data, 2014 
 
The effect of education and visitors perception against comforts of  biophysical and social 
environment in Pindul cave 
The education level of respondents that visited in Pindul cave were various, start from the 
primary school until university (Tabel 4). It showed that Pindul cave was very favored and very 
interested by all level because it have the unique and beautiful ornament. According to Table 4, 
the percentage of tourist based on the education level was dominated by university level about 
69.7%, then the senior high school level about 27.6%, and the junior high school about 2.6%. 
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Table 4. The characteristic of respondents based on the education 

No. Education People Percentage (%) 

1. Primary school - - 

2. Junior high school 2 2.6 

3. Senior high school 21 27.6 

4. University 53 69.7 

Sum 76 100 

Source: analysis of primary data, 2014 
 
The result of data analysis about the education level and visitors perception against comforts of  
bio-physical and social environment showed that the value of Chi Square Pearson with df 2 was 
2.240 with a significant level about  .326. Based on the analysis sho ed the α-value was equal to 
0.05. It was smaller than the significant level. There was not relationship between education and 
comforts of biophysical and social environment.  
 
The effect of jobs and visitors perception against comforts of biophysical and social 
environment in Pindul cave 
The Chi Square test was used to determine the effect of jobs and visitors perception against 
comforts of  biophysical and social environment in Pindul cave (Table 3). The correlation of jobs 
and visitors perception in tourism object of Pindul cave was showed with Chi Square value about 
20.667 with significant value about 0.000. The value was smaller than 0.05. It showed that there 
was the relationship of variables. The perception of tourists against comforts of biophysical and 
social environment was affected by the jobs of tourists.  
Table 5. The effect of jobs and visitors perception against comforts of biophysical and social environment in 
Pindul cave 

No. Job Respondents  Percentage (%) 

1. Student 16 21.1 

2. Private sector employess 25 32.9 

3. Goverment employess 15 19.7 

4. entrepreneur 19 25.0 

5. others 1 1.3 

 Sum 76 100 

Source: analysis of primary data, 2014 
 
The effect of income and visitors perception against comforts of  bio-physical and social 
environment in Pindul cave 
The results of Chi Square test resulted a significant value-p about 1.606 and Chi Square value 
about 0.658. The significant value 0.658 was larger than 0.05 so it showed that the two variables 
were not significant difference. There  as not relationship bet een the income level and visitors’ 
perception againts comforts of biophysical and social environment in tourism object of Pindul 
cave.  
The income level of visitor that visited Pindul cave was diverse. There were low, intermediate, 
and high incomes. It was shown on Table 5. The respondent that visited Pindul cave was 
dominated by tourist with income more than Rp 1.500.000.  
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Table 5. The characteristic of respondents based on the income level 

No. Income Respondents  Percentage (%) 

1. <Rp 500.000 12 15.8 

2. Rp 500.000-Rp 1.000.000 10 13.2 

3. Rp 1.000.000-Rp 1.500.000 11 14.5 

4. >Rp 1.500.000 43 56.6 

Sum 76 100 

Source: analysis of primary data, 2014 
 
c. The development direction of Pindul cave    
Tourists are an important asset for tourism development and should get good service from the 
management. In Pindul cave, tourists were directed to the secretariat and could choose the kind 
of tourism object. The development direction of Pindul cave had to appropriate with the carrying 
capacity of the cave. Therefore, it need the implementation of Standard Operational Procedures 
(SOP). It aimed to provide guidelines for the tourists to tour in the cave and maintained the 
quality of the environment in the cave to increase the environmental comforts of Pindul cave. 
Besides SOP was used as a standard way that done by tourists to surf in the cave and reduced the 
danger which maybe happened to the tourists. 
SOP need to be adhered to both guides and tourists. There were some physical preparation and 
they had to ensure themselves that were not sick. The management provided and checked the 
equipment properly, gave the guidance on the tourists, prayed for their safety. It was done to 
ensure the tourists comfort and security. In services field, each guide was obliged to provide the 
optimum service. It could give the good impress to tourist liked the introduction of attraction, a 
friendly attitude, manners and humor in order to familiarize between guides and tourists. These 
services could affected the satisfaction and comfort of tourists so it could the tourist intent to 
return visit Pindul cave (Rukuiziene, 2009). Then the tourists had to follow all direction and did 
not the other activity without guides. 
 
CONCLUSION 
The conclusions of this study ere (1) the perception of tourists against environmental comforts 
showed less comfortable perception about 51.3% and comfortable perception about 48,7%; (2) 
The factors that influenced the perception of environmental comfort in Pindul cave were visiting 
time and the type of jobs, whereas the gender, educational level and income level did not affect 
the environmental comforts. Standard Operational Procedure was needed for guides and tourists 
and created the sustainable tourism.  
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ABSTRACT 
Biomass and stored carbon in one unit of land is very important to be measured because each 
ecosystem has a different ability to absorb CO2 and produce biomass.  The measurement   is able 
to provide information about the condition of the land which is needed for the management 
plan. Baito pine plantation forests is one of the Industrial Plantation Forest (HTI) in South Konawe 
with natural environmental conditions.  HTI has an important role as a provider of environmental 
services for the surrounding region, namely as a regulator of the water system, keeping the 
occurrence of landslides, floods, as well as carbon sinks.  This study aims to determine the 
potential of the carbon stored in pine (Pinus mercusii) in the District Baito HTI Baito South 
Konawe.   
Biomass stored in a plant of Pine (Pinus mercusii) was determined by non-destructive method, i.e 
using the allometric equation, whereas the litter and necromass were calculated by measuring 
directly through the measurement of dry weight and wet weight of the plant.  The research was 
conducted by designing 14 plots with a plot size of 70 mx 70 m, for observation litter, plot size is 
1 mx 1 m.  Stand inventory involving diameter, height,  and number of trees, then the actual 
weighting of undergrowth, litter and dead trees of each sub plot was done.   The samples were 
taken from each plot to be tested on laboratory.  The results obtained that biomass and 
necromass stored in HTI amounted to 445, 55 tons per hectare in the various levels of vegetation, 
carbon stocks 204, 95 tons per hectare, while carbon dioxide absorption 697,96 tons per hectare. 
This indicates that the value of the carbon obtained from carbon uptake as one contribution of 
environmental services can be obtained even without damaging the stands. 
 
Keywords: biomass, carbon dioxide,  carbon sink, necromass, Pinus mercusii 
 
INTRODUCTION 
Industrial Plantation Forest (HTI) is a strategic effort to overcome the problem of scarcity of raw 
materials for the domestic wood processing industry in Indonesia due to  the limitation supply of 
raw material from natural forests production. Industrial Plantation Forest is also able to maintain 
the environmental balance (carbon sequestration), improving the quality of economic (pine sap), 
and has a high aesthetic value.  HTI especially pine (Pinus mercusii) potential as carbon storage. 
Carbon cause of air pollution in the surrounding area. Carbon will be a source of pollution in the 
air and endanger health. On the contrary, the carbon in the plant body in the form of 
carbohydrates and its compounds will be highly beneficial source of energy. Carbon dioxide in 
the air if change into carbohydrates means changing hazardous materials into useful materials. 
To that end, where the trees will provide enormous benefits.  HTI Pinus mercusii located in the 
Baito village is one of the industrial tree plantations in South Konawe with natural environmental 
conditions and is located in the region of South Konawe, able to fulfill one of the ecological 
function as a carbon sink. However, based on literature review, has not been much research 
done to determine the carbon deposits on the plantation region, particularly for Pinus plants. 
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Therefore, this study was conducted to determine the carbon storage in plant pine plantations to 
the development of Pinus plant (Pinus mercusii) in the future. 
 
MATERIALS AND METHODS 
Research Sites 
This research was conducted at Industrial Plantation Forest of Pine plantation in Baito sub-
districts which have low land topography with little hilly and potential as agricultural land. 
Extensive research sites were around 70 ha. Laboratory analysis was conducted at the Laboratory 
of the Faculty of Forestry and Environmental Science, Halu Oleo University. 
 
Materials and tools 
Materials used in this study was pine plant (Pinus mercusii), necromass, and litter. The tools used 
in this research included GPS, a map of the study area, rope, wooden stakes, metered rollers, 
tape meter, machetes, paper labels, markers, plastic bags, tallyshet, ovens, scales, stationery and 
digital cameras. 
 
Types and Sources of Data 
Data Types 
Data used in this research was quantitative data, that subsequently analyzed using allometric 
equation. 
Data source 
The data used in this study are: 
a. Primary data is data obtained from observations or measurements directly in the field, such as: 
1. Biomass tree, through the measurement of diameter at breast height ± 1.3 m. 
2. Necromass and litter that is either dead trees that are still standing or have collapsed and lie 
on the surface of the soil and litter. 
b. Secondary data is data obtained from various sources such as literature, articles, journals, and 
websites related to the research conducted. 
Variables Research 
To obtain data about the parameters of the variables measured in the field for carbon estimates 
are as follows: 
1. The diameter of the rod, the diameter at breast height (DBH 1.3 m) 
2. Wet weight, the weight of the current sample is taken from the location. 
3. The dry weight, the weight of the sample after drying in oven 
Sampling Techniques 
The sample in this study is the pine stands (Pinus mercusii), in a plot or plots observation. 
Determination of the observation plot randomized (random sampling) in each rate of change in 
the pine plantation  in the area of Industrial Forest Plantation Baito,  South Konawe. 
The sampling intensity is equal to 10%, so that the observation area of 70 ha x 10% = 7 hectares 
(70000 m2). Thus the number of observations in the location research plots by 14 plot 
observations. Observation plots for tree level (range of diameter ≥ 3  cm) and necromass 
measuring 70 mx 70 m can also be referred to as sub plot. This is because the type of plant 

uniforms, were to plot the observations of litter size of 1 mx 1 m (Hairiah and Rahayu, 2007). 
 
                             70 m 
 
                                70 m     
2               
 
 
                  Figure 1. Sample plot location 
Description: 
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A = Measuring tree level, and necromass Plot 70 m x 70 m 
B = Measurement litter Plot 1 m x 1 m 
 
Techniques of Data Collection 
Measurements of carbon 
Carbon measurement is done by measuring the biomass at three levels, namely: 
1. Measurement of biomass for tree level.  
The measured parameters ie diameter at breast height of trees (diameter at breast Heigh (DBH) 

1.3m).     
  a      b         c 
figure 2. Biomass measurement of the level of trees 
Description : 
a. Normal tree: DBH measured 1.3 m from ground level 
b. Skewed tree: DBH measured 1.3 m from the ground nearby, or the direction of the slope of a 
tree 
c. Normal trees on sloping land: DBH measured 1.3 meters from the ground the highest (BSN, 
2011). 
 
2. Measurement of necromass.  
Necromass divided into 2 groups: 
a. Woody necromass: dead trees that are still standing or fallen, the stubble of plants, branches 
and t igs intact in diameter ≥ 5 cm and length ≥  .5 m. If there is a tree trunk that measured 
transversely then only included in the plot alone. Measurements were taken at the base of the 
stem and tip of the rod that was within the plot. For necromass branching, plant biomass 
allometric equation is calculated based on the same tree. As for the unbranched calculated based 
on the volume of the cylinder. 
b. Not woody necromass: leaf litter that is still intact (coarse litter). Taken all included in the plot 
and then dried in the sun. Once dry, the soil attached cleaned and weighed to known wet weight. 
After it is taken as a 300 g sub sample was then dried at a temperature of 80 ° C for 48 hours or 
until it reaches a constant weight and then weighed to obtain the dry weight, and then calculated 
the overall biomass. 
 
Data analysis 
Measurement of tree biomass 
The analysis used to calculate the biomass in plants used allometric equation on pine trees (Pinus 
mercusii), namely: 
Y    , 936 ρ D2.432 

Description : 
Y = Biomass above the surface 
D = Diameter tree (cm) 
ρ   density of  ood (g cm-3) (Ketterings, 2001). 
 
Measurement of Necromass  
Total dry weight (biomass) in woody necromass 
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Total dry weight (biomass) in woody necromass calculated based on the volume of the cylinder as 
follows: 
BK (Kg/necromass)   π. ρ. H . D2 / 40  
Description : 
BK = Dry Weight (kg / necromass); 
H = length / height necromass (cm); 
D = diameter necromass (cm), 
ρ   density (g / cm3) 
Density of dead wood is estimated to 0.4 g / cm3, but can also vary depending on weathering 
conditions. The more advanced levels of weathering the wood, the lower its BJ. (Hairiah et al., 
2011). 
 
b. Total dry weight (biomass) in a not woody necromass 
The analysis used to determine necromass not woody using the equation: 

         ( )   
              ( )

              ( )
           ( ) 

Description: 
BK = dry weight; 
BB = Wet Weight. (Hairiah, et al., 2011) 
 
Estimation of Total Carbon Stored and Carbon Dioxide Absorption 
The concentration of C in organic form is usually around 46% biomass, therefore the estimated 
amount of C stored perkomponen can be calculated by multiplying the total weight of the mass 
concentrations of C = BK (tonnes / ha) x 0.46 (Hairiah, et al., 2007).Determination of carbon 
uptake is done by first analyzing the amount of carbon stored in forest biomass pine. The amount 
of biomass multiplied by 0.46 to obtain the amount of carbon stored. Manuri et al., (2011), states 
that the value of carbon stored obtained can then be used to determine the carbon dioxide 
uptake, by multiplying the value of the carbon stored by 3.67, then the value of the absorption of 
carbon dioxide in the pine forest can be known. 
 
RESULTS 
Biomass potential is calculated based on the average biomass of several variables observation 
(pines and undergrowth) and average necromass (dead wood, dead trees and litter). The amount 
of biomass potential pines scattered in various levels of vegetation that is at the level of 310.92 
tons of trees per hectare, on timgkatan pole of 115.17 tons per hectare and at levels below the 
plant amounted to 11.12 tonnes per hectare, whereas in nekromassa by 8.34 tons per hectare. 
Carbon stored in pine plantations in the amount of 204.95 tons per hectare and the uptake of 
carbon dioxide by 697.96 tons per hectare. 
 
DISCUSSION 
Carbon stocks on a system of land use is influenced by the type of vegetation, climate and land 
management. The high reserves and the uptake of carbon produced pine because pine is a 
vegetation canopies or large canopy cover, so that the number of leaves that are able to absorb a 
lot of carbon that much anyway. Reserve and carbon uptake is influenced also by the ability of 
forest ecosystems to store and absorb carbon based on the type of vegetation, composition, 
topography and grow. 
HTI pine plant has an important role in maintaining the ecological balance, especially in the long 
term. Besides human activities are carried out in the form of timber harvesting would also lead to 
changes in the natural carbon cycle that occurs between forest ecosystems and the atmosphere. 
On a large scale it will result in changes in the carbon balance significantly. 
Absorption of carbon by plants differ according to the age of the plant. Growing trees will 
function very well in carbon sequestration, due to rapid vegetation will absorb a lot of carbon 
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dioxide during photosynthesis in the process of growth and development of plants. Usually at the 
beginning of growth have high absorption until it reaches the optimum value, kemudin decreases 
with the addition of stand age. Plants will release carbon back into the atmosphere when it dies. 
This is in line with the opinion of Soemarwoto, (2008), naturally, regardless of human activity, the 
process of absorption and release of carbon will run a balanced and neutral, meaning that the 
amount of carbon in the atmosphere is relatively constant over time. 
 
CONCLUSIONS  
Biomass and nekromassa stored in a pine plantation amounted to 445, 55 tons per hectare in the 
various levels of vegetation, carbon reserves of 204.95 tons per hectare, while the uptake of 
carbon dioxide by 697.96 tons per hectare. This shows that industrial forest pine plants have 
considerable potential so that the necessary cooperation from the government and communities 
to manage forests for conservation and sustainability of the industrial forest. Carbon economic 
analysis needs to be done, both in production forests and natural 
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ABSTRACT 
Waterleaf (Talinum triangulare) is a medicinal plant mostly grown for edible shoots that contain 
protein and anthocyanin. Several experiments were conducted to study physiological aspects of 
waterleaf shoot protein and anthocyanin content with nitrogen+potassium application and 
harvest interval.  The first experiment was conducted to study the effect of different levels of 
nitrogen+potassium application and harvest interval, The second experiment studied the effect 
of different harvest intervals and splitting application of of nitrogen+potassium, the third 
experiment was studied the effect of foliar application of nitrogen+potassium and harvest 
interval, and the fourth experiment was studied the effect of soil and foliar application of 
nitrogen+potassium with the chosen harvest interval.  From those 4 experiments, it can be 
concluded that protein content increased with the increase of plant age in the vegetative stage 
and decreased in reproductive stage. Anthocyanin content decreased with the increase of plant 
age. However,  the content return to increase if the waterleaf was under abiotic stress caused by 
frequent harvest.  
 
Key words :  Waterleaf, protein, anthocyanin, fertilizer, harvest  
 
INTRODUCTION 
Waterleaf (Talinum triangulare) is widely grown in most of the humid tropical countries such as 
South Africa, Asia, and South America.  The herb with fleshy green leaves, succulent stem and 
pink flowers was first introduced into Java in the 1915 year from Suriname (Heyne 1987). The 
shoot of waterleaf are safe and edible. The shoots is a mucilaginous vegetable that serve as 
sauce, condiment, spice, softening of soups and for flavorings in foods (Swarna & Ravindhran 
2013).  Andarwulan et al. (2010) reported that waterleaf has been recognized as indigenous 
vegetable of Indonesia and is known as kolesom or som jawa.  
Waterleaf shoot contain protein with 18 amino acids. The highest content being glutamid acid 
and leusin which are required for growth and development (Fasuyi 2006).  In addition, waterleaf 
shoot have been reported to contain anthocyanin (Mualim 2009). Anthocyanin is one of phenolic 
compound with high antioxidant. Antioxidant agent are helpful for body protection for oxygen 
free-radical which involved in cancer, diabetes, cardiovascular diseases, neurodegenerative 
diseases, and ageing (Amorim et al. (2013). Antioxidant properties of waterleaf extract have been 
demonstrated to enhance the cognitive ability and have benefiting effects on the neurons of the 
cerebrum (Ofusori et al. 2008). 
This paper report the physiological aspects of waterleaf shoot protein and anthocyanin content 
from several experiment which used nitrogen+potassium application and harvest interval.  The 
change of protein and anthocyanin content as long as plant growth will described and 
determined. 
 
MATERIAL AND METHODS 
Study Area 
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This paper review the result of several experiment which was conducted in Leuwikopo, Dramaga, 
Bogor, Indonesia from 2009 until 2010. 
 
Procedures 
This paper review the result from series of research which consisted of 4 experiments. All the 
experiment were to increase waterleaf shoot protein and anthocyanin production with N+K 
application and harvest interval.  The first experiment was conducted to study the effect of 
different levels of N+K and harvest interval; the second experiment was conducted to study the 
effect of different harvest interval and splitting application of N+K; the third experiment was 
conducted to study the effect of foliar application of N+K and harvest interval.  The fourth 
experiment was a compilation of the best treatments from three experiment before.  The 
treatments were different rates of N+K for soil application with or without foliar application, they 
were 100% N+K rates of soil application (150 kg urea + 150 kg KCl/ha); 100, 75, and 50% N+K 
rates of soil application added with foliar application of 0.2% urea and 1% KCl.  Fertilizers were 
applied on soil on 0, 30, and 60 days after planting, while foliar application were conducted on 
15, 30, 45, and 60 days after planting (DAP).  Waterleaf was harvested every 15 days.  
Data Analysis 
The protein content  as analy ed using Lo ry’s method  ith Bovin Serum Albumin’s standard 
curve (Waterborg, 2002). The anthocyanin content was analyzed using methods developed by 
Sims and Gamon (2002). The data about protein and anthocyanin content in every treatments 
was studied to determine the pattern of change with physiological study. If the change of protein 
and anthocyanin content in waterleaf growth from each experiments demonstrated the similar 
pattern, then data from the fourth experiment can be representative to perform and analyzed.  
 
RESULTS 
Table 1. Waterleaf shoot protein content at different soil and foliar application of N+K 

Treatments 
Harvest periode (DAP) 

30 45 60 75 90 

 ….……….............. mg/g f …………………….. 

100% N+K via soil 5.79 8.91 18.07 9.40 7.29 

100% N+K via soil + foliar 6.73 8.45 17.56 9.24 6.58 

75% N+K via soil + foliar 5.35 7.95 19.51 9.78 8.97 

50% N+K via soil + foliar 5.42 7.26 13.47 9.25 7.19 

Note : fw = fresh weight 
Table 2  Waterleaf shoot anthocyanin content at different soil and foliar application of N+K 

Treatments 
Harvest periode (DAP) 

30 45 60 75 90 

 ………………….. µmol/g f …………………… 

100% N+K via soil 0.14 0.09 0.10 0.09  0.17 ab 

100% N+K via soil + foliar 0.14 0.12 0.11 0.11 0.21 a 

75% N+K via soil + foliar 0.14 0.13 0.10 0.11   0.19 ab 

50% N+K via soil + foliar 0.14 0.08 0.10 0.11 0.15 b 

Note : Values in the same column followed by same letters are not significantly different at 5% DMRT 
(Duncant Multiple Range). fw = fresh weight 

 
DISCUSSION 
The change of protein content in each experiments showed a similar pattern that followed plant 
growth stage.  The protein content increased continuously during the vegetative stage and 
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decreased in the onset of reproductive stage. Abbasi et al. (2011) demonstrated that the change 
of protein content on the spinach with harvest interval and doses of N treatments also followed 
plant growth stage. 
The increase of rejuvenation activity due to repeated harvest may allow shoot serve as the 
strongest sink.  As the result, high amount of N nutrient from root translocated to shoot. The 
accumulation of N compounds produced the enhancement of amino acids formation led to an 
increase protein content of shoot. This observation can be interpreted that protein content of 
shoot is temporary deposited of amino acids in vegetative stage before remobilized to other 
organs. 
The decrease of shoot protein content after 60 DAP because it was the reproductive stage of 
waterleaf. There is a competition of assimilate between shoot and other sinks at this stage cause 
the decrease assimilate supply from shoot to root, which has a negative effect on N uptake 
capacity of root.  Peng et al. (2010) reported that N uptake rate in different growth stages related 
with amount of N demand determined by the shoot growth potential. 
The decrease of N uptake by root at reproductive stage caused N remobilization from shoot to 
reproductive organ, which allowed decrease of shoot waterleaf protein content.  N 
remobilization mechanism reported by Barneix (2007) was show that remobilization done by 
protolithic enzyme that hydrolyzed shoot protein and then released amino acids to other sinks.  
Noquet et al. (2004) explained that N remobilization from shoot as the form of nutrients 
conservation on the plant to assurance the plant growth. 
The foliar anthocyanin was found in shoot of waterleaf can explained by two pattern : (1) 
decrease continuously as long as increase of plant age; (2) increased again at 90 DAP if the 
waterleaf under abiotic stress caused by frequent harvest.  In this increase of plant age, the foliar 
anthocyanin of waterleaf did not change substantially, but the total production per unit shoot 
decrease. Foliar anthocyanin of waterleaf could be detected as long as plant growth stages.  This 
result indicated the foliar anthocyanin of waterleaf was permanent and not inducible 
anthocyanin type. 
The highest accumulation of foliar anthocyanin was always found at the vegetative stage.  This 
phenomenon was recognized as juvenile anthocyanin. The term of juvenile anthocyanin was used 
by Chalker-Scott (2002) to show this pigmen may play a role during tissue expansion.  It is crusial 
to maintain high turgor to ensure optimal expansion.  Turgor pressure is the force behind cell 
wall expansion and if a suitable gradient is not estabilished young tissue may not achieve full 
expansion.  The decrease of foliar anthocyanin content happened with increase of plant age due 
to anthocyanin pigment dilute on tissue. 
In other case, the increase of foliar anthocyanin content after decline happened again in the 
mature stage.  It was found at the 90 DAP of waterleaf. Based on the observation, it could be 
induced by harvest frequent as stress abiotic. Waterleaf stress caused by harvest frequent at the 
90 DAP caused rapidly senescence. Karageorgou and Manetas (2006) said that The senescing 
leaves may be susceptible because of the risk of reactive oxygen spesies (ROS) production during 
chlorophyll breakdown led to the hypothesis that an anthocyanin sunscreen afford protection 
against excess light. 
The increase of foliar anthocyanin content at the 90 DAP was also related with foliar anthocyanin 
function as modulator of stress signal and antioxidant.  Hatier and Gould (2008) reported that 
stress of plant brought about ROS like H2O2  and inhibited cell metabolism process on plant.  The 
Anthocyanin produced by cell and directly interacted to stress signal. The anthocyanin absorbed 
most of light energy (attenuation) on the chloroplast to diminished ROS.  In addition to light 
attenuation, anthocyanin may participate in photo protection through their anti-oxidant capacity 
to protect the health of plant tissue with trapping of free radicals on the vacuole and then ROS 
could be altered and diminished.  These events are summarized schematically in Fig 1. 
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Figure 1. Anthocyanin mechanism as modulator of stress signal and antioxidant (From Hatier and 
Gould 2008). 
 
CONCLUSION 
Protein content increased with the increase of plant age in the vegetative stage and decreased in 
reproductive stage. Anthocyanin content decreased with the the increase of plant age and 
increased again if the waterleaf under abiotic stress caused by frequent harvest. foliar 
anthocyanin of waterleaf was permanent and not inducible anthocyanin type. 
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ABSTRACT 
Purun tikus (Eleocharis dulcis) is one of the natural vegetation found in the acid sulfate swamp of  
South Kalimantan. The plant is potentially able to act  biofilter due to  it may grow and adapt well 
to land flooded  with acidic water. In this study, purun tikus was used as an integral part of 
subsurface flow constructed wetland system (SSFCW). This engineering system is deliberately 
designed using subsurface flow and  made by using the natural processes including wetland 
vegetation, soil, and a collection of associated microbes found at the wetland to alleviate the 
wastewater treatment process. This study intended to determine the ability of  Purun tikus when 
planted in a constructed wetland to  absorb iron (Fe) of  coal acid mine drainage. The study used 
vertical (VF) and horizontal (HF) subsurface flow (SSF) constructed wetland (CW) under batch 
hydraulic loading regimes. The results of study showed that the Fe content of Purun tikus plants 
positively correlated with time length (day) of treatment. Purun tikus had the highest Fe 
concentration at the sixth  day for vertical flow SSFCW batch and 13th  day  for horizontal flow 
SSFCW batch. 
 
Key words: coal acid mine drainage, constructed wetland (CW), iron (Fe), puruntikus (E.dulcis) 
Abbreviations: Subsurface Flow Constructed Wetland System (SSFCW), vertical (VF), horizontal 
(HF), subsurface flow (SSF), constructed wetland (CW). 
 

INTRODUCTION 
Swamp in South Kalimantan is rich in biodiversity with typical vegetation species. One of the 
typical vegetation in the swamp area of South Kalimantan, namely PurunTikus (Eleocharisdulcis). 
Wetland plants including Puruntikus store nutrients and metals in their biomass (Jacob and Otte 
2003; Schulz, Rinle et al. 2003). Aquatic plants are used as bioremediation agents; it will 
accumulate metals in their bodies. The ability of plants to accumulate pollutants differ according 
to the type and nature of the metal to be absorbed (absorption). Productivity growth depends on 
the availability of water resources, environment and the deft adaptation to the environment. 
Sequence productivity of aquatic plants from high to low is a floatingplant >submergent 
plants>emergent plant. Hyper accumulator plants are plants that have the ability to concentrate 
metals unusually high levels in their biomass(Baker and Brooks 1989). Most of the plants 
accumulate metals by 10 mg.kg-1 dry weight (DW), equivalent to 0.001%, while the metal 
hyperaccumulator plants able to accumulate up to 11% DW. Limit the levels of metals contained 
in the biomass so that a plant can be called hyperaccumulator vary depending on the type of 
metal. 
In this study, Puruntikus used as an integral part of Subsurface Flow Constructed Wetland System 
(SSFCW). SSFCW an engineering system that is deliberately designed using subsurface flow and is 
made by using the natural processes could include wetland vegetation, soil, and a collection of 
associated microbes in the wetland to help the wastewater treatment process. This study is 
intended to determine the ability Puruntikus were planted in Constructed Wetland in absorbing 
iron (Fe) in the coal acid mine drainage. 
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MATERIALS AND METHODS 
The Study used vertical (VF) and horizontal (HF) subsurface flow (SSF) constructed wetland (CW) 
and operating under batch hydraulic loading regime. VF-SSFCW dimention is 65 cm x 35 cm x 35 
cm and 100 cmx 30 cm x 35 cm for HF-SSFCW 
The research was conducted at Greenhouse LambungMangkurat University. Acid mine drainage 
(AMD) derived from waste coal mining PT Jorong Barutama Greston, South KalimantanIndonesia 
that exceed Indonesia Wastewater standard for the Coal Mining and its Activities. Wetland 
vegetation used are Puruntikus (Eleocharis dulcis) with an average height of 15 cm with a spacing 
of 15 cm. Media use is an acid sulphate soils, according to the original habitat of plants 
Puruntikus with a height of 30 cm on each model.E.dulcis samples will be tested by testing the 
parameters of iron (Fe) in the laboratory using flame AAS (Atomic Absorption Spectrophotometer 
with flame) in accordance with the standards for Fe namely SNI 6989.4: 2009. 

 
Figure 1.VF SSF CW design 

 
Figure 2. HF SSF CW design 
 
Data analysis 
Data obtained in the form of Fe concentration in PurunTikus plant. The data is presented in 
tabular or graphical form, so as to reflect changing test parameters measurement results. To see 
the relationship between the measured parameters Kwe used regression analysis.  

 
RESULTS 
Results of this study are concentration of Fe in PurunTikus in VF-SSFCW system shown in Figure 5, 
while Figure 6 shows the concentration of Fe in PurunTikus in System HF-SSFCW. Figure 3 and 

A = influent reservoir 

B = inlet pipe 

C = gravel 

D = growth media 

E = puruntikus 

F = gravel 

G = outlet pipe 

H = effluent reservoir 



 

Proceedings of International Conference on NAMES 2015 | A Study of Iron (Fe) Uptake by Purun Tikus (Eleocharis dulcis) 
Grown on Acid Mine Drainage at a Subsurface Flow Constructed Wetland 

64 

 

Figure 4 shows Fe concentration in organ (root and stem) Purun Tikus in VF-SSFCW System and 
HF-SSFCW, respectively. 

 
Figure 3. Fe concentration in Organ Purun Tikus at VF-SSFCW system 

 
Figure4. Fe concentration in Organ Purun Tikus at HF-SSFCW system 
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Figure5. Fe concentration inPurunTikusat VF-SSFCW system 

 
Figure 6. Fe concentration inPurunTikusat HF-SSFCW system 

 
DISCUSSION  
Model of the Horizontal Subsurface Flow Constructed Wetlandswith the Puruntikus plant capable 
of removing iron and raising pH of the acid mine drainage(Prihatini 2015).  In The Study, the 
concentration of Fe in the roots was higher than Fe in the stems at VF-SSFCW, while at HF-SSFCW 
Fe concentration in stems and roots in the first 10 days has increased, but Fe in stems decreased 
on the measurement of the 15th day whereas Fe in root increased. Results of statistical analysis 
using t-test showed that the average concentration of Fe in the roots statistically different with 
an average concentration of Fe in the stemsPuruntikus at HF_SSFCW (Figure 4)andVF-SSFCW 
(Figure 3). Fe concentration in Puruntikus as a whole is shown in Figure 5 and Figure 6 which 
tends to follow the line of a polynomial equation as follows: 
VF-SSFCW: -2381,3x2 + y = 30207x + 139.75 with R ² = 0.6233 
HF-SSFCW: -1305,8x2 + y = 33736x + 1766.3 with R ² = 0.9975 
The model equation above can be used to predict the Puruntikusmaximum accumulation time. 
Puruntikus had the highest Fe concentration on day 6 for VF-SSFCW and day 13 for HF-SSFCW. 
This shows that Purun tikus planted at VF-SSFCWreach maximum uptake for 6 days and 13 days 
at HF-SSFCW. After that time span recommended for the harvesting Puruntikus and replaced it. 
However, further study is needed on the use of plants Puruntikus at CW applied in the field in the 
long term (Munawar 2007). 
Transporter proteins such as Citrate effuxer FRDL1 very important in the process of transporting 
Fe to the area along with the shoots of plants transpiration stream. Fe can also be transported by 
the phloem tissue towards the tip and tissue of young plants(Briat and Lobréaux 1997; 
Samiotakis and Ebbs 2004; Briat 2007; Kim and Guerinot 2007; Jeong and Connolly 2009; Palmer 
and Guerinot 2009; Solti, Kovács et al. 2012; Yoshida and Negishi 2013). 
Risnawati and Damanhuri (2010) using the plant Cyperus papyrus that is have same family with 
Puruntikus,family Cyperaceae, in HF-SSFCWfor 9 days to remove the metal from landfill leachate. 
When compared with the results of this research, E.dulcis (17800.35 mg) accumulate Fe greater 
than C.papyrus (2553.01 mg) (Risnawati and Damanhuri 2010). Another studythat useE.dulcis in 
VF-SSFCWwith media variation shows that E.dulcis can uptake 4263 ppm Fe within 5 days 
(Prihatini 2015),this makes the Purun tikus high potential for use in phytoremediation. 

 
CONCLUSION  
Puruntikus(eleocharis dulcis) that planted in constructed wetland can absorbing iron (fe) 
from the coal acid mine drainage.maximum accumulation time for vertical flow sub 
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surface constructed wetlands (vf-ssfcw) is day six and day 13 for for horizontalflow sub 
surface constructed wetlands (hf-ssfcw). 
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ABSTRACT 
The antibody response to monovalent and bivalent vaccines of Photobacterium damselae subsp. 
damselae and Vibrio harveyi, the gram negative bacterial pathogens correlated with diseases of 
Asian seabass were evaluated for their effectiveness in developing bivalent vaccine.  The Asian 
seabass were either vaccinated with monovalent and bivalent vaccines from formalin killed 
whole cells of Photobacterium damselae subsp. damselae and Vibrio harveyi.  The serum from 
vaccinated and unvaccinated fish every 7 days post vaccination until 35 days post vaccination 
were collected for determining the antibody titers. An antibody response of seabass were 
detected at 7 days post vaccination that rose significantly (p<0.05) at 28 days and 21 days post 
vaccination for monovalent and bivalent group against Photobacterium damselae subsp. 
damselae antigen.  Whereas, the antibody titers of monovalent and bivalent group against Vibrio 
harveyi antigen were detected at 7 days post vaccination and peaked significantly (p<0.05) at 21 
days post vaccination.  The vaccine efficacy in protecting fish from re-infection was evaluated in 
laboratory challenge.  Similar level protection (p>0.05) was recorded in the group vaccinated with 
monovalent and bivalent vaccines.  The results suggest that both monovalent and bivalent 
vaccines effectively triggered specific antibody production and protected the seabass against 
diseases caused by Photobacterium damselae subsp. damselae and Vibrio harveyi.    
 
Keywords: Photobacterium damselae subsp. damselae; Vibrio harveyi; monovalent; bivalent 

 
INTRODUCTION 
Asian seabass (Lates calcarifer Bloch.) is a euryhaline species common in freshwater, brackish and 
marine habitats.  This species belong to the Centropomidae, order Perciformes.  It is common 
names include barramundi, giant perch, giant seaperch, kakap, siakap and white seabass.In the 
1970s in Thailand, first culture of Asian seabass in marine cage developed and rapidly expanded 
throughout Southeast Asia (FAO, 2008).  Since then, seabass farming has received worldwide 
attention because of the excellent meat quality, with white flesh meat and relatively boneless. 
During increasing of seabass cultivation, disease outbreaks caused by Photobacterium damselae 
subsp. damselae and Vibrio harveyi are reported (Renault et al., 1994; Tendencia 2002; Crosbie & 
Nowak 2004; Gore & Schipp 2004; Barnette et al., 2009).  Some antibiotics, such as 
chloramphenicol could effectively control Vibrio harveyi infection (Baticados et al., 1990; Wang et 
al., 2002).  However several antibiotics are prohibited and controlled in applying to food fish.  
Also antibiotics develop resistance in bacteria.  To reduce the usage of antibiotics, many 
researchers have started to develop vaccine from bacteria, which can enhance the specific fish 
immune system to bacterial disease. 
No studies including a bivalent vaccine against Photobacterium damselae subsp. damselae and 
Vibrio harveyi on seabass (Lates calcarifer Bloch.) have been describe yet.  Several researches 
have done the efficacy of monovalent and polyvalent vaccine on fish.  The vaccination with more 
than one pathogen can induce protective immunity of fish in the laboratory challenges (Esteve-
Gassent et al., 2004; Lin et al., 2006; Swain et al., 2007) and also in the field trial (Lin et al., 2006).  

mailto:rs.ranisasmita@gmail.com


 

Proceedings of International Conference on NAMES 2015 | The Potential of Photobacterium damselae Subsp. damselae and 
Vibrio harveyi as Monovalent and Bivalent Vaccines of The Asian Seabass, Lates calcarifer Bloch. 

68 

 

The cost of vaccine and stress factor during immunization program could minimize when using 
polyvalent vaccine (Swain et al., 2007). 
The aim of this study was to evaluate the the potential of monovalent (single antigen) and 
bivalent (a combination antigen) vaccines to induce specific antibody and stimulate protective 
immunity of the Asian seabass, Lates calcarifer Bloch.   

  
 
MATERIALS AND METHODS 
Fish  
Seabass of average weight 50 g obtained from fish farms were acclimatized in hatchery of 
Aquatic Science of Burapha University, Thailand.  The fishes were reared in a tank containing 600 
L seawater (20 ppt) and fed with fish cooked, twice daily.  Water was changed twice a day to 
maintain good water quality. 
Bacterial culture 
Photobacterium damselae subsp. damselae isolates used in the study were isolated from 
diseased seabass (Lates calcarifer Bloch.) and identified by molecular methods (Barnette et al. 
2009). For Vibrio harveyi, the isolates came from diseased shrimp (Panaeus monodon) identified 
by monoclonal antibody (Sithigorngul et al. 2005).  Photobacterium damselae subsp. damselae 
and Vibrio harveyi were separately grown on 1 L of tryptic soy broth (TSB) (Hardy Diagnostic) 
which contained 2 % NaCl for overnight at 25 °C.  After 24 hours, each bacterium was collected 
by centrifugation at 4000 g for 30 minutes at 4°C.  The cells were washed twice with saline sterile 
and suspend in same solution.  The density of bacteria was measured using the standard plate 
counts and the optical density (O.D.) at 550 nm. 
Preparation of vaccine (antigen) 
For monovalent vaccine, each species bacteria were suspended in 1% formalin for overnight at 
4°C.  Then, the formalin killed whole cells bacteria were centrifuged for 30 minutes at 4000 g and 
washed twice in saline sterile.  Each vaccine was tested for the absence of colony after it is 
cultured on agar media.  Finally, individual bacterial suspension containing 109 CFU/mL was 
suspended in the same solution. 
For bivalent vaccine, the mixed bacterial antigen was prepared by mixing Photobacterium 
damselae subsp. damselae and Vibrio harveyi, in equal concentration so that final bacterial cells 
of the mixture was 109 CFU/mL.  The monovalent and bivalent vaccines were kept at 4°C before 
use. 
Fish vaccination 
Seabass were divided into 4 groups (control, formalin-killed whole cells of P. damselae subsp. 
damselae (PDFK), formalin-killed whole cells of V. harveyi (VHFK), bivalent vaccine) each group 
contained 40 individuals.  For the control group, individuals were injected intraperitoneally with 
0.85 % NaCl sterile.  For the treatment groups, individuals were injected intraperitoneally with 
0.1 mL vaccine formulations contain 1 x 109 CFU/ml.  Fishes were monitored for mortality and 
swimming behavior.  At day 0, 7, 14, 21, 28 and 35, sera (n = 25) were obtained for evaluate 
adaptive immune response parameter by indirect ELISA method.   
Indirect ELISA 
The 96-well ELISA plate was coated with 100 µL of 0.001% poly-L-lysine in 0.01 M PBS pH 7.2.  
The plate was incubated for 1 hour.  Then, poly-L-lysine was removed from each well.  The plate 
was added with 100 µL of bacteria suspension which contained 1 x 107cells.  Then, 100 µL of 0.5% 
glutaraldehyde which prepared in PBS was added each well and incubated overnight at 4°C.  The 
plate was washed three times with 0.01 M PBS pH 7.2 and then blocked with 100 µL of 5% non 
fat milk in PBS for 1 hour.  The plate was washed with three times of 0.01 M PBS pH 7.2.  The 
plate was dried air at room temperature and kept for next step.  The plate coated antigen was 
added with 100 µL serum sample (dilution 1:100, 1:1000, 1:5000 and 1:10000) and incubated for 
1 hour.  The plate was washed three times with 200 µL of 0.01 M PBS-Tween 20.  Then, each well 
was added with 100 µL mouse monoclonal anti seabass immunoglobulin diluted 1:1000 and 



 

Proceedings of International Conference on NAMES 2015 | The Potential of Photobacterium damselae Subsp. damselae and 
Vibrio harveyi as Monovalent and Bivalent Vaccines of The Asian Seabass, Lates calcarifer Bloch. 

69 

 

incubated for 1 hour.  The plate was washed three times with 200 µL of 0.01 M PBS-Tween 20.  
One hundred microliter of goat anti mouse immunoglobulin 1:1000 conjugated with HRP 
(horseradish peroxidase) was add each well and incubated for 1 hour.  Then, secondary antibody 
was removed and washed with 200 µL of 0.01 M PBS-Tween 20.   The plate was added with 100 
µL of 1% chromogen (0.1 gr DAP in 100 mL citrate buffer).  The reaction was appeared after 10 
minutes (transparent to yellow). The reaction was stopped with 100 µL 1 N H2SO4 and optical 
density (O.D.) was read using microplate reader at 490 nm.  The dilution that has OD 3 times 
from PBS (as blank) was antibody titers. 
Challenge study 
Thirty-five days post vaccination, both control and vaccinated fishes were challenged with 0.1 mL 
of the Photobacterium damselae subsp. damselae, Vibrio harveyi and mixed bacterial suspension, 
intraperitoneal injection route. After post-challenging, cumulative mortality and clinical signs 
were recorded daily, and dead fish was determined the cause of death and detected the 
presence of Photobacterium damselae subsp. damselae and Vibrio harveyiin the kidney by 
bacterial culture in TCBS agar.  The relative percent survival (RPS) was calculated according to 
Castro et al., (2008). 
 
Data analysis 
All data was expressed as mean ± standard error. Data were analyzed by two-way analysis of 
variance (ANOVA)  ith subsequent Duncan’s Ne  Multiple range test at 95  confidence interval. 
 
RESULTS 
The ELISA plate using whole cell of Vibrio harveyi and Photobacterium damselae subsp. damselae, 
separately as coating antigens was used to measure the production of serum antibody after 
vaccination.  Figure 1 and 2 showed antibody titers (log base 2) of Asian seabass (Lates calcarifer 
Bloch.) in control and vaccinated groups (VHFK, PDFK and bivalent).  In VHFK group, 21 days after 
vaccination, the titer increased to 12.688 ± 0.547 (average titer 7000) and remained in value 
12.288 ± 0 (average titer 5000) until at least the end of days 35, whereas control group has 
average titer 1000.  In PDFK group, 21 days after vaccination, the titer increased to 12.488 ± 
0.447 (average titer 6000) and rose to 13.288 ± 0 (average titer 10000) at 28 days post 
vaccination, whereas control group has average titer 100. Antibody titer in bivalent group against 
Vibrio harveyi and Photobacterium damselae subsp. damselae were significantly increased (P< 
0.05) than control group (average titer 100) (Figure 1, 2). 
 

 
Figure 1. Mean antibody titers of Asian seabass (Lates calcarifer Bloch.) in control (saline sterile), VHFK 
(Vibrio harveyi formalin killed) and bivalent (mixed bacteria) groups.  Each value represents means ± S.E. 
(n=5); * = significantly different at    p < 0.05 compared to control group. 

* * 
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Figure 2. Mean antibody titers of Asian seabass (Lates calcarifer Bloch.) in control (saline sterile), PDFK 
(Photobacterium damselae subsp. damselae formalin killed) and bivalent (mixed bacteria) groups.  Each 
value represents means ± S.E. (n=5); * = significantly different at p < 0.05 compared to control group. 
 

The antibody titers were measured by specific monoclonal antibody raised specific to seabass 
immunoglobulin. The antibody titers in all vaccinated fish groups were detected in low amount 
(9.966 ± 0 or average titer 1000) within 7 days post vaccination and continued increasing at 
specific level.  The antibody titers of VHFK and bivalent groups against Vibrio harveyi were 
increased to 12.688 ± 0.547 (average titer 7000) and 13.088 ± 0.447 (average titer 9000) at 21 
days post vaccination.  Whereas, the antibody titers of PDFK and bivalent group against 
Photobacterium damselae subsp. damselae were peaked with the same value at 13.288 ± 0 
(average titer 10000) for 28 days and 21 days post vaccination.  Finally, the antibody titers in all 
vaccinated fish were maintained significantly higher than controls until the end of the 
experimental period.  All vaccinated groups against Photobacterium damselae subsp. damselae 
and Vibrio harveyi had higher the antibody titers value than the control group (6.644 ± 0 or 
average titer 100) and unchanged value through the experiment.  However, the control group at 
14 days to 21 days post vaccination showed slight increase value of the antibody titers (9.966 ± 0 
or average titer 1000). 
The antibody titers were optimal for Asian seabass vaccinated with whole cell of Vibrio harveyi 
formalin killed vaccine.  In this case, significant high level of antibody titers relevant with the high 
protection level when vaccinated fish were performed to challenges in laboratory field.  The 
higher protection level found in VHFK group against live Vibrio harveyi, with value 77.78% (± 
15.71), but this level protection did not significant different  (P > 0.05) compared to bivalent 
(68.75 ± 8.84 % ) groups that challenged with same bacteria.   Moreover, the similar relative 
percent survival rate (P > 0.05) was found in PDFK group    (58 ± 11.78%), compared to bivalent 
(66.96 ± 6.37 %) group when challenged with live Photobacterium damselae subsp. damselae.   
The level protection of bivalent group was 66.67 ± 0 % when challenged with combination 
bacteria.  The similar result reported by Swain et al. (2007) with an experiment polyvalent 
vaccine on Indian major carp (Labeo rohita) against Aeromonas hydrophila, Edwardsiella tarda 
and Pseudomonas fluorescens.  They found that when challenged with single bacteria, fish 
vaccinated with polyvalent vaccine (Aeromonas hydrophila, Edwardsiella tarda and Pseudomonas 
fluorescens) had a similar relative percent survival rate (80 %) with fish vaccinated with the 
monovalent.  The study demonstrated the successful efficacy of vaccination developed from 
mono- and bivalent from Vibrio harveyi and Photobacterium damselae subsp. damselaebacterin 
on Asian seabass immune response. In addition, vaccinated seabass were confirmed with the 
high protective level against re-infection to both bacteria.   
 
 
 
 

* * 
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CONCLUSION 
Both monovalent and bivalent vaccines can be potential to develop as vaccine against diseases 
caused by Photobacteriumdamselae subsp. damselae and Vibrio harveyi. The antibody response 
of seabass were detected at 7 days post vaccination that rose significantly (p<0.05) at 28 days 
and 21 days post vaccination for monovalent and bivalent group against Photobacterium 
damselae subsp. damselae antigen.  Whereas, the antibody titers of monovalent and bivalent 
group against Vibrio harveyi antigen were detected at 7 days post vaccination and peaked 
significantly (p<0.05) at 21 days post vaccination.  The vaccine efficacy in protecting fish from re-
infection has similar level protection (p>0.05) was recorded in the group vaccinated with 
monovalent and bivalent vaccines. 
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ABSTRACT 
Radish  sprout  has  alcohol  dehydrogenase that had  been  studied  for  ketone reduction. 
Curcuminoid has ketone group in its structure. This research was designed to utilize radish  
sprout  as  biocatalyst  in  reduction  of  crude  curcuminoid  from  turmeric  towards antioxidant 
activity. Analysis of antioxidant activity of the substrate and product of reaction was determined 
using IC50 value and total phenol. Curcuminoid that extracted from turmeric with soxhlet method 
was reacted  with radish sprout at various pH  range of   5 to 9 and different level of sucrose 
concentration of  1 to 7  % using  response  surface  methodology  to  get  optimum  condition  
for reduction. The reaction products of from the best treatment were analysed  with  ultraviolet  
visible  spectroscopy  and  infrared  spectroscopy  method  for  structure confirmation. The result 
showed that antioxidant activity of curcuminoid increased with radish sprout addition.  The  
antioxidant  activity  of curcuminoid increased as much as 52.080 % by using radish sprout at 
sucrose 2.01 % and pH 8.97. Total phenolic  content also  increased  from  747.618  mg  GAE/g  
extract  to  973.955  mg GAE/g of extract. Infrared and UV-Vis spectrum indicated the ketone has 
changed into hidroxyl group on curcuminoid structure.  
Key words:antioxidant activity, curcuminoid, radish sprout, reduction, response surface 
methodology. 
 

INTRODUCTION 
Turmeric (Curcuma longa) plants are known to be source of curcuminoid. This compound has 
antioxidant capacity that related to its ability as free radicals scavenger(Bagchi, 2012).The 
curcuminoids are polyphenols that has ketones group in its structure.In organic chemistry, the 
ketones group could be reduced to be secondary alcohol compounds through hydrogenation 
reaction. Generally, the reduction reaction use inorganic catalysts that are not environmental 
friendly. so alternative catalysts that prepared from organic materials are needed to substitute 
them.Radish  sprout  is known to have ability for reduction of ketones group due to the presence 
of  alcohol  dehydrogenase (Matsuo et al.2008).Curcuminoid has ketones group in its structure, 
therefore turmeric (Curcuma longa) could be natural substrates for reduction reaction.The 
optimization of reduction reaction conditions such as level of sucrose and pH was conducted by 
determinationantioxidant activity of curcuminoid before and after reaction. The optimization 
process used response surface methodology (RSM) that was supported by Design Expert 7.0® 
program.The main objective of this research is utilization of radish sprout (Raphanus sativus L.) as 
biocatalyst for antioxidant activity improvement in the reduction of crude curcuminoid from 
turmeric (Curcuma longa). 
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MATERIALS AND METHODS 

Materials 
Turmeric (Curcuma longa), Radish Sprout (Raphanus sativus L.), aquades, sucrose, silica, sodium 
hypochloride NaOCl, sodium carbonate (Na2CO3), Folin-Ciocalteau reagent, Galic Acid Standard, 
DPPH (1,1-diphenil-2-picrylhydrazil), dimethyl sulphoxide (DMSO), hexane, ethanol, ethyl acetate, 
methanol, ether, acetatebuffer (pH 4), phosphate buffer (pH 5-8),  and carbonate buffer (pH 9-
10). 
Methods 
Preparation Of Radish Sprout 
The seeds of radish was washed with water and then soaked with 1% sodium hypochloride 
solutions for 15 minutes. The seeds was soaked again with water for 10 minutes and put in wet 
cotton for 12 days at 200C. This step was aimed to prepare the enzyme (alcohol dehydrogenase) 
that found in radish sprout. 
Extraction Of Curcumnoid 
The extraction process was conducted using soxhlet extraction method. 15 g of turmeric powder 
was extracted using two different solvent, hexane and ethanol for 6 hours. The volume of each 
solvent is 180 mL. Themixture was filtered using a vacuum filtration. The obtained supernatant 
was concentrated using rotary evaporator. The yellowish crude extracts was collected and 
stored. 
The Reduction Reaction On Curcuminoid 
The substrate in this reaction is crude curcuminoid extract that was obtained from turmeric.            
The reaction was optimized based on conditions of reaction such as the level of sucrose (%)and 
pH. The optimization was conducted using response surface methodology (RSM) and supported 
with Design Expert 7.0® program. The level of sucrose is 1-7% and the range of pH 5-9. The 
Central composite design (CCD) that released by Design Expert 7.0® program could be seen   in 
table 1. 
Table 1.The CCD For OptimizationThe Conditions Of Reaction 

No. Level of Sucrose (%) pH 

1. 1.88 5 

2. 6.12 5 

3. 1.88 9 

4. 6.12 9 

5. 1 7 

6. 7 7 

7. 4 4.17 

8. 4 9.83 

9. 4 7 

10. 4 7 

11. 4 7 

12. 4 7 

13. 4 7 

 
Reaction Procedure: 1 g of radish sprout added with 30 mL sucrose solution and buffer solution, 
conditions of reaction (level of sucrose and pH)  based on the CCD in table 1. The mixture was  
added with curcuminoid solution (10% extract in DMSO) and macerated in shaker bath for 2 days 
at room temperature (250C). The product of reduction reaction was analysed to know antioxidant 
activity. Determination of antioxidant activity comprised IC50value with DPPH reagent and total 
phenolic with Folin Ciocalteau reagent. Besides these analysis, the product of reaction was also 
analysed using UV-Visible and IR(Infrared)Spectroscopy to confirm the structure of curcuminoid 
before and after treatment with addition of radish sprout.  
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RESULTS  
Radish Sprout 
The obtained radish sprout has characteristics that comprised  length 11.92 cm,  diameter                   
0.11 cm and the yield 18.91%.  
Extraction of Curcuminoid 
The curcuminoid (Raphanus sativus L.) extraction from turmeric(Curcuma longa) samples 
obtained crude extract with the yield 8.08%. 
The Reduction Reaction of Curcuminoid 
The curcuminoid reduction occured by using radish sprout that contained biocatalyst (alcohol 
dehydrogenase) and based on 13 combinations of reaction conditions that was recomended by 
RSM as could be seen in table 1.  The product of reaction was found in precipitated form that 
remained in filter paper. The precipitate was analysed to know antioxidant activity through 
determination IC50value and total phenolic content. Tabel 2 shows antioxidant activity of each 
combination/treatment. 
Table 2. Antioxidant Activity of Product Reaction based on Reaction Conditions (CCD) 

No. Level of Sucrose (%) pH IC50 (mg/mL) 
Total Phenol (mg GAE/g 
extract) 

1. 1.88 5 35.773 356.130 

2. 6.12 5 22.200 535.900 

3. 1.88 9 17.610 898.690 

4. 6.12 9 29.629 597.629 

5. 1 7 15.936 905.729 

6. 7 7 31.392 405.946 

7. 4 4.17 26.367 618.746 

8. 4 9.83 24.875 721.086 

9. 4 7 22.589 692.387 

10 4 7 22.373 703.758 

11 4 7 20.792 668.021 

12. 4 7 21.829 745.452 

13. 4 7 22.485 676.143 

 
Before reaction was occured, the curcuminoid extract had IC50:27.792 mg/mL and total phenol 
content: 747.618 mg GAE/g extract. 
According to table 2, the highest antioxidant activity was found in the combination of  sucrose 1% 
and pH 7. This combination showed the IC50:15.936 mg/mLand total phenol content:905.729 mg 
GAE/g extract. Analysis with Pearson Correlation showed that there was correlation between IC50 
value and total phenol content. 
Kim et al. 2002 reported that the optimum pH for alcohol dehydrogenase ranged from 7-9.This 
condition could increase enzyme activity for the reduction of ketone group into hidroxyl group in 
curcuminoid structure and therefore the antioxidant activity also increased. The addition of 
sucrose in reduction of curcuminoid was aimed to mantain the growth of radish sprout and also 
to enhance reducing capacity of alcohol dehydogenase. The data in table 3 also indicated the 
maximum level of sucrose to support the reaction is 4%. In level of sucrose 7% the reaction 
exhibited the decreased reducing capacity. The results based on CCD as could be seen on table 2 
was verified using RSM to obtain the recommendation about the conditions of reaction that had 
highest IC50 value and total phenol content. The verified recommendation by RSM described in 
table 3 below. 
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Table 3.Verified recommendation by RSM 

Version 
Factor 

IC50    (mg/mL) 
Total Phenol                
(mg GAE/g extract) Level of Sucrose (%) pH 

DPPH 1.99 8.62 18.356 762.238 
Phenolic 2.01 8.97 13.318 973.955 

 
According to verification by RSM in table 3, the optimum condition is the factor with  level of 
sucrose 2.01% and pH 8.97 that has increased antioxidant activity up to 52.08%.Statistical 
analysis using one way ANOVA andDuncan test showed that there was significant difference 
between each reaction condition (p<0.05). It means that the different reaction condition will 
affect to antioxidant properties significantly. 

 
Note: values with different superscript letter are significantly different (p<0.05) 

Figure 1. Antioxidant Activity in Reduction of Curcuminoid From Turmeric 

UV-Vis Spectroscopy Analysis 
UV-Vis spectrum of product reaction showed a shift to a shorter wavelength, from 428 nm to 375 
nm. It indicated there is ketones group that had changed into hidroxyl group. The formed 
hidroxyl group decreased conjugation system in the structure of curcuminoid and caused a shift 
to a shorter wavelength.  

 

 

 
Figure 2. Prediction of Curcuminoid Structure After Reduction Reaction 

IR (Infrared) Spectroscopy Analysis 
Analysis using IR spectroscopy was aimed to confirm functional groups on curcuminoid structure 
before and after reduction reaction. In IR spectroscopy, the absorption band of ketone and 
alcohol group is 1740-1640 cm-1 and 3600-3200 cm-1, respectively (Nielsen. 2010).In the 
reduction reaction, the substrate exhibited  absorption band at 1629.85 cm-1; 1774.51 cm-1and 
3500-3200 cm-1. Absorption band at  1629.85 cm-1 and 1774.51 cm-1 indicated the presence of 
ketonegroup, while 3500-3200 cm-1indicated the presence of alcohol group on curcuminoid 
structure. The product of reaction exhibited absorption band at 1637.56 cm-1 and 3500-3200 cm-

1.Compared to the substrate, the product of reaction had only one peak spectrum (1637.56 cm-

1)that indicatedketone has changed into alcohol group. Meanwhile,in theabsorption bandat 
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3500-3200 cm-1, the product of reaction had higher absorbance than the substrate. It also 
indicated thatketone haschanged into alcohol group.  
 

CONCLUSION  
Radish sprout can reduce ketone group on curcuminoid structure into hidroxyl group. The 
reduction of ketones group can enhance antioxidant activity significantly. The substrate for 
reduction reaction was crude curcuminoid from turmeric that had IC50 and total phenol27.792 
mg/ml and 747.618 mg GAE/g extract respectively. The optimum conditions of reduction reaction 
are level of sucrose 2.01% and pH 8.97. This condition generates the highest antioxidant activity 
(IC50: 13.318 mg/ml and total phenol: 973.955 mg GAE/g extract) and increases antioxidant 
activity up to 52.08%.There is corelation between antioxidan activity (IC50) and total phenol 
content. Infrared and UV-Vis spectrum of the substrate and product indicated ketone has 
changed into hidroxyl group on curcuminoid structure. 
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ABSTRACT 
Tomato is consumed by people worldwide as a vegetable or fruit. The improvement of tomato 
plants through genetic transformation is very important, namely to produce a virus-free tomato 
stocks. One of the proofs that shows the success in the genetic transformation is the favorable 
outcome on its regeneration. This experiment aimed to find the methods of direct organogenesis 
from hypocotyl and cotyledon explants of tomato. Tomato seeds were germinated in agar 
medium with 1 ppm BAP. After two weeks, the hypocotyls and cotyledons were transferred to 
MS medium with 0.1 ppm TDZ in combination with 1-3 ppm BAP. The results were observed after 
four weeks of incubation. As many as 25% of adventitious shoots were formed from hypocotyl 
explants cultured on MS medium supplemented with 0.1 ppm TDZ in combination with 3 ppm 
BAP. While in cotyledon explants, 62.5% of adventitious shoots successfully formed in MS 
medium enriched with 0.1 ppm TDZ in combination with 1 ppm BAP. 
 
Key words: tomato, direct organogenesis, adventitious shoots, TDZ, BAP 
Abbreviations : TDZ: Thidiazuron; BAP: 6-Benzylaminopurine 
 

INTRODUCTION 
As one of the horticultural crops, tomato is very popular around the world. Almost all of the 
people worldwide consume it in every day of their lives as vegetable,fruit, orsauce/dressing. That 
is why, tomato breeding plays an important role for the economicgrowth.Nonetheless, some of 
its unfavorable characteristics (i.e. susceptibility to diseases, rapid ripening, susceptibility to 
abiotic stresses, etc.) hamper the farmer to produce money from this plant. To overcome the 
problems, tomato improvements is required. 
In order to improve the economic value of tomato, many attempts have been done. Namely, to 
make disease-resistance plants (Kong et al., 2014), to control the fruit ripening (Pech et al, 2008), 
or to increase the tolerance to abiotic stress such as drought (Nir et al, 2014). Those 
improvements are usually obtained through genetic transformation method. Transgenic cells that 
are producedvia genetic transformation process need to be regenerated into a whole plant so 
that they can function for human beings. Developing the best regeneration method is another 
challenging work because not every species sensitive to treatments that has been successfully 
applied to a certain species. 
There are two pathways in plant cell regeneration, i.e. organogenesis and embryogenesis. These 
two pathways can be obtained directly from the cells (direct) or through callus formation 
(indirect). Direct organogenesis, the regeneration of plant directly from the cells, is favorable if 
we want to keep the purity of the genome. Many scientists have reported their studies on 
tomato via direct organogenesis pathway. In 2014, Wayase and Shitole successfully obtained 
multiple shoots from cotyledon and hypocotyl from tomato cv. Dhanashri by using MS medium 
supplemented  ith 6.65 μM BAP and  . 4 μM IAA. Previously, Jehan and Hassanein (2013) 
reported their findings on tomato regeneration from nodal segments using MS medium with 1-
2.5 ppm BAP alone or in combination with 0.5 ppm NAA. From another study, it was also 
reported that MS medium enriched with 0.1 ppm IAA and 2 ppm Zeatin could induce multiple 
adventitious shoots from leaf fragments of tomato cv. Micro-Msk (Mamidala and Nanna, 2009). 
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The informations about direct organogenesis from tomato’s explants are already available. 
However, researches are still needed if we work on different cultivar or species because their 
response on the same concentration of certain growth regulator will be different. This 
experiment aimed to find the best protocol in inducing adventitious shoots from cotyledon and 
hypocotyl explants of tomato cv. Tymoti. 
 

MATERIALS AND METHODS 
Procedures 
Media preparation 
Medium for seed germination 
As much as 1 ppm BAP solution was prepared in 300 ml distilled water. This solution were then 
adjusted at pH of 5.8 and solidified with 0.8% agar. The mixture was subsequently dispensed into 
culture bottles (± 25 ml for each bottle) and autoclaved at 121°C, 1.5 atm for 20 minutes. 
Medium for in vitro culture  
MS medium (Murashige and Skoog, 1962) with vitamins and 3% sucrose was used for the in vitro 
culture. The 1 L medium was dispensed into 5 beaker glasses to make MS medium incorporated 
with 1 ppm BAP + 0.1 ppm TDZ; 1.5 ppm BAP + 0.1 ppm TDZ; 2 ppm BAP + 0.1 ppm TDZ; 2.5 ppm 
BAP + 0.1 ppm TDZ and 3 ppm BAP + 0.1 ppm TDZ,respectively. Agar to the tune of1.2% was 
added to each of the treatments after the adjustion of pH on 5.8. Each mixture was then 
dispensed into culture bottles (± 25 ml for each bottle) and prepared for autoclaving at 121°C, 1.5 
atm for 20 minutes. 

Seed sterilization 
The seeds of tomato cv. Tymoti (Panah Merah) were surface sterilized under sterile condition, 
following 2 step of sterilizations by using different concentration of NaOCl (Bayclin, 5.25% 
NaOCl). First step was the dipping of the seeds in 1.75% NaOCl solution for 5 minutes. The seeds 
were then washed 3 times with sterile distilled water. The subsequent sterilization was the 
submergence of seeds in 1.3% NaOCl solution for 20 minutes. The seeds were once again washed 
with sterile distilled water for 3 times. 
In vitro germination of seeds 
The sterilized seeds were planted in a sterile medium. Each culture bottle was planted with 8-10 
seeds. The bottles were incubated in an incubation room in dark condition. Temperature was set 
at 22-25°C with 80% relative humidity. 
In vitro culturing 
The two weeks old sprouts were harvested. Both cotyledons and hypocotyls were excised (0.25 
cm2 and 0.5 cm in length, respectively) and planted in different media (as mentioned above). 
Each bottle consisted of either 4 cotyledons or 4 hypocotyls. Replication was conducted 4 and 3 
times for cotyledon and hypocotyl respectively. The cultures were incubated in incubation room 
where the temperature was set at 22-25°C with 80% humidity. The lighting (cool white 
fluorescent lamps, 1000-1,500 lux) was regulated at 16/8 (light/dark) cycle.  

 
Data analysis 
The data were collected after 4 weeks of incubation. The formation ofadventitious shoots was 
observed and noted descriptively. The descriptive data were then compiled on Table 1. 

Morphological changes were also recorded as presented on Figure 1 and Figure 2.  
 
RESULTS 

A very different response was observed on the shoots formation from cotyledons and 
hypocotylsexplants after treatment. Cotyledons gave rise to more frequent and vigorous shoots 
than hypocotyls.This data were shown on Table 1. 
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Table 1.The shoots and callus formation of cotyledons and hypocotyls after treatment. 
Explants Treatments (ppm) Shoots formation (%) Callus formation (%) 

Cotyledons 

1 BAP + 0.1 TDZ 62.5 18.75 

1.5 BAP + 0.1 TDZ 58.3 18.75 

2 BAP + 0.1 TDZ 37.5 37.5 

2.5 BAP + 0.1 TDZ 18.75 56.25 

3 BAP + 0.1 TDZ 31.25 43.75 

Hypocotyls 

1 BAP + 0.1 TDZ 8.3 0 

1.5 BAP + 0.1 TDZ 8.3 0 

2 BAP + 0.1 TDZ 8.3 16.7 

2.5 BAP + 0.1 TDZ 16.7 28.6 

3 BAP + 0.1 TDZ 25 41.7 

 
According to Table 1, the percentageof shoots formation on cotyledons is decreasing (from 62.5% 
to 18.75%) as the BAP concentration increases (from 1 ppm to 2.5 ppm), while oppositely, on 
hypocotyls, the higher the BAP concentration (from 1 ppm to 3 ppm), the higher the percentage 
of shoots formation (from 8.3% to 25%). Furthermore, it is observed that both explants exhibit 
the increase of callus formation in BAP concentration dependent manner. Although it is also a 
decrease of callus formation and an increase of shoots formation percentage from BAP 
concentration of 2.5 ppm to 3 ppm. 
  
Figure 1.shows the development of adventitious shoot from a single cotyledon explant. The 
figures represent the changes happened during shoots developments. All of the shoots 
originated from one cut end of the explant where the vascular vessel is there. Vigorous growth is 
shown by Figure 1.D when the age of cotyledonexplant is 27 days old. 
 

 
Figure 1. The adventitious shoot development from cotyledon explant. A, 3 days old; B, 
14 days old; C, 19 days old; D, 27 days old. 
 
Adventitious shoots development from a single hypocotylexplant is denoted onFigure 2. All 
shoots grew from one cut end of the hypocotyl, while the other cut end, like in mostly hypocotyl 
explants in this experiment, was defunct. 
 

 
Figure 2.The adventitious shoot development from hypocotyl explant. A, 9 days old; B, 
14 days old; C, 28 days old. 
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DISCUSSION  
BAP is known as the most commonly used cytokinin (Bhojwani and Dantu, 2013), even in tomato. 
Various concentrations of BAP, ranged from 1 to 3 ppm, alone or in combination with auxin at 
low concentration were used to promote shoots formation in tomato (as described in Wayase 
and Shitole (2014); Jehan and Hassanein (2013); and Mamidala and Nana (2009)).In the previous 
experiment, BAP alone was capable in inducing adventitious shoots in tomato cv. Tymoti, but a 
lot of calluses were also formed during shoots development (Savitri WD 2015, unpublished data). 
Low concentration of TDZ (0.002 – 0.1ppm) is effective to induce shoots development (Bhojwani 
and Dantu, 2013). In the case of tomato cv. Tymoti, the application of TDZ alone gave rise to 
organogenic callus, but the callus was very hard to form shoots, even after the transfer to a 
hormone-free medium (Savitri WD 2015, unpublished data). 
In this experiment, the application of various BAP concentrations in mixture with low 
concentration of TDZ gave positive response on shoot development for both explants.But the use 
of cotyledon explants is preferable than hypocotyls. There are some reasons that support this 
finding. First, at low concentration of BAP, cotyledons gave more shoots and only a little callus 
was formed. Second, the number of cotyledons generated shoots was higher than hypocotyls in 
every concentration of BAP. This is probably because cotyledons have chlorophylls which enable 
them to perform photosynthesis and therefore maintain their own nutrition, so they can grow 
the shoots more than hypocotyls.  
Lower BAP concentration is recommended in promoting shoots formation in tomato cv. Tymoti 
(Table 1). For cotyledons, low concentration of BAP (1 ppm) gave most shoots formation than 
other treatments (62.5%) and also lowest callus formation (18.75%). While in hypocotyls, 
although BAP at lower concentration (1 and 1.5 ppm) generated fewest adventitious shoots 
(8.3%), the callus formation was zero. This is beneficial because in case of direct organogenesis, 
callus formation should be avoided.  
The fact that in concentration of 3 ppm BAP, cotyledons yielded higher shoots formation and 
lower callus formation (if compared with 2 ppm BAP) have never reported in other works. The 
further study should be conducted whether the higher concentration of BAP (≥ 3 ppm)  ill 
produce more shoots and less callus. 
In the future experiment, it is important to optimize the regeneration method, especially to 
reduce callus formation from cotyledons and to grow more shoots from hypocotyls without the 
formation of callus.  
 

CONCLUSION  
The adventitious shoots from cotyledon explants of tomato cv. Tymoti that induced by using the 
combination of 1 ppm BAP and 0.1 ppm TDZ is preferable among other treatments. Oppositely, 
to grow shoots directly from hypocotyl explants, high concentration of BAP (3 ppm) in 
combination with 0.1 ppm TDZ is more beneficial than the lower concentrations, although callus 
is also formed. After all, cotyledons is more effective in inducing shoots than hypocotyls. 
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ABSTRACT 
Exploiting the rhizospheric fungi from critical land area is one way to know the ability of the fungi 
to absorb Fe. Calopogonium mucunoides which used as experimental plants in this study was 
capable to grow well in critical land area of Cempaka Sub-District. The study was begun with the 
isolation of rhizospheric fungi of critical land district Cempaka, followed by calculation of soil Fe 
content of the critical land areas, selection of the fungi bae on its ability to absorb Fe and fungal 
spore  application to C. mucunoides growth. Humicola sp. R.Dn (from rhizosphere of Dianella 
nemorosa Lam.) has better ability to absorb Fe than with two other isolates, i.e.Penicillium sp. 
R.Ha and Penicillium sp RG. Humicola sp. R.Dn could uptake 108.83 mg Fe/mg biomass and  giving 
2.38 x 103 of Humicola sp. R.Dn spore significantly affected on the reduction of plant Fe content.  
 
Keywords: Rhizospheric fungi Fe absorbent, Humicola sp. R.Dn, C. mucunoides,  
 
INTRODUCTION 
Critical land is land that less of physical, chemical and biological soil productivity. Some land 
classified into critical areas because of the loss of topsoil (top soil) fertile due to the influence of 
erosion, as well as mining activities (Rukmana, 1995). The rate of land degradation in South 
Kalimantan Province is increasing, due to the increase in critical lands. Based on data from the 
2009 BPDAS Barito, South Kalimantan has an area of 761 042 hectares of critical land. One of 
them contained in the Cempaka sub district, which is due to land clearing and stones mining 
activities.  
Preliminary test results show that the Cempaka critical land Fe content was 37 533 mg / L. This 
value is higher than the standard recommended by the WHO ie 47.2 mg Fe / L. That information 
used to serve as the basis in this study to determine the potential for indigenous fungi from 
rhizosphere critical area districts Cempaka to absorb these metals. Some fungi have been known 
capable to reduce levels of heavy metals in contaminated soil. Aspergillus niger van Tieghem can 
reduce the levels of Cr from the nickel mines through the process of biosorption (Saefudin et.al., 
2000). Rhizopus arrhizus is known to absorb Fe at 6.932 mg / L in time stirring for 80 minutes 
(Dewati, 2004). The both fungi can be found in the rhizosphere.  
Humicola sp R.Dn, Penicillium sp. R.Ha and Penicillium sp. RG has been isolated from the 
rhizosphere of plants Dianella nemorosa Lam., Helicteres angustifolia L., and Gleichenia sp. which 
grow on degraded land Cempaka sub district, South Kalimantan used in this study (Imaningsih, 
2012). Previous research has shown that the origin rhizosphere soil fungi critical to spur the 
growth of elephant grass (Mahriani, 2013).  Plants that have been used as bioremediator of 
heavy metals, such as Calopogonium mucunoides. A research on Calopogonium mucunoides has 
demonstrated that the plant absorbed heavy metals, i.e. Pb, Fe, Cd and Zn at a former gold 
mining (Hidayati et.all., 2006). Calopogonium mucunoides can be used as pioneer plants to 
rehabilitate (Purwanto, 2007). 
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MATERIALS AND METHODS 
Fungal isolates selection on medium with Fe addition  
Before performing the isolates endurance test against metal Fe qualitatively, first made the 
liquor of Fe 1000 mg / L. Fe as much as 0.1 grams was placed in a flask and then separately 
etched with 3 drops of sulfuric acid solution and diluted with distilled water to 100 ml Erlenmeyer 
flask. There are 3 isolates ie (Humicola sp R.Dn, Penicillium sp. R.Ha (1), and Penicillium sp. R.G 
)were prepared for the endurance test there. Third isolates were inoculated on sabauroud 
dextrose agar medium with the addition of metallic Fe separately with different concentration 
(70 mg / L,  100 mg / L,  150 mg / L). Then the growth of isolates was observed for 7 days to 
determine the isolates that have the best growth used in subsequent testing. The next best 
calculated percent of mold growth in a medium with the addition of metal Fe, in the following 

formula:    
   

  
       

(d2) is the diameter of the fungus colony control (without addition of Fe) and (d1) is the diameter 
of the fungus colony with the addition of Fe (Levinskaite, 2009).  
 
Fe Absorption Test by indigenous Fungi from sub-district Cempaka critical land 
Fe absorption test by a fungus carried out on Humicola sp. R.Dn due to have the ability to grow 
best in the selection step. Humicola sp. R.Dn have a faster growth rate than the two other fungi 
(figure 1.). Then Humicola sp. R.Dn inoculated on potato dextrose agar medium (PDA), and 
incubated at 350 C for 7 days. The isolate that has grown on PDA media were inoculated into 
potato dextrose broth (PDB) of 200 ml, that given additional Fe 70 mg / L as a treatment (Irawan, 
2004). Then incubated at 125 rpm shaker at room temperature for 7 days. Whatman filter paper 
no.1 was used to separate the filtrate of the biomass, the biomass was washed with sterile 
distilled water then oven it at 60 °C for 24 hour, and the filtrate was centrifuged at 3500 rpm for 
9 minutes. Biomass and residues of Humicola sp. R.Dn analyzed using Atomic Absorption 
Spectrophotometer (AAS) to determine levels of Fe that absorbed by the fungus. Fungi that 
growth on medium without Fe used as control.  

Fe uptake calculated by the formula according to Al-Garni et.al (2009) as follows:   
 (     )

       
 

,Q is Fe adsorbed (mg Fe / mg Biomass), V is the volume suspension of Fe (ml), Ci is the initial 
concentration of Fe (mg / L), Cf is the final concentration of Fe (mg / L) and M is the number of 
dry biomass mold Humicola sp. R.Dn (mg). As for knowing what percentage of the missing metal 
Fe Fe existing value based on the residue obtained after SSA test, can be calculated with the 

following formula:     ( )  
       

 
     , C is the initial concentration (mg / L) and Cf is the 

final concentration (mg / L) (Kareem et al., 2014) 
 
Applications of critical land indigenous fungi on Calopogonium mucunoides  
Application was done in two phases: the preparation and harvesting steps. Both of these steps 
can be described as follows: preparation of the planting medium and Calopogonium mucunoides 
seed preparation. Sterile soil( 500 grams) was used as planting medium that placed in a poly bag 
(10 (d) x 20(l) cm).  Spores enter into the sterile soil. The number of spores that will be used is 

calculated using haemocytometer with  formula as follow:   
 

        
    , (K) is the 

concentration of spores per ml of solution, (t) is the number of spores were counted in the 
calculation of the box and (n) is the number of boxes were observed (Sudibyo, 1994). Seed 
surface sterilization was apply for Calopogonium seeds, then grown for 1 week and prepared for 
planting, soil and plant Fe content were analyzed using Atomic Absorption Spectrophotometer 
(AAS) was done at 4 weeks old. 
This research uses a completely randomized design (CRD) with 1 test plants Calopogonium 
mucunoides and with the addition of fungal spores Humicola sp. R.( 0 (without the addition of 
spores), 1.59 x 102, 7.95 x 102, 1.59 x 103 and 2.38 x 103 spores). Each treatment was  repeated 4 
times, resulting in 20 experimental units in total. 
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RESULTS 
SSA test shows the Fe content in the soil critical areas where fungi was isolated was 37533 mg / L. 
While the land used for planting C. mucunoides is 1084.8 mg / L. The results showed that Fe 
levels in the critical area not in accordance with the EPA (Environment Protection Agency United 
States) standards (0.5 to 20 mg / L). The fungal growth were tested in SDA medium with different 
concentrations Fe addition showed Humicola sp. R.DN better growth than two other isolates 
(Penicillium sp. R.Ha and Penicillium sp. RG). Observations were made during the 7 days by 
measuring the diameter of each fungi colonies. Percent growth of  Humicola sp. R.DN, Penicillium 
sp. R.Ha and Penicillium sp. RG grown on medium with the addition of Fe can be seen in Figure 1 
below. 
 

 
 

 
Figure 4. Graph percent growth of fungus Humicola sp. R.Dn (a), the mold Penicillium sp. R.Ha (b), 
Penicillium sp. RG (c) on    medium with the addition of Fe. 
Metals content of Fe in the Humicola sp. R.Dn 
Fungal isolates were grown on medium PDB with Fe addition (70 mg / L), shows that the highest 
Fe found in fungi biomass, with Fe contain 37.35 mg /L  in average.  While the residue contained 
of Fe (23.50 mg / L) (Table 2). Based on the appropriate calculation formula of Al-Garni et.al 
(2009) showed that Fe uptake by fungal biomass amounted to 108.83 mg Fe/mg of biomass. 
Meanwhile, according to the formula Kareem (2004) percent Fe missing is 66%. 
 
Table 2. Average levels of Fe on Biomass and Residues fungi Humicola sp. R.Dn after being given 
70 mg / L Fe in the media. 

Sample Fe (mg/L)  Fe absorption (mg 
Fe/ mg biomass) 

 Lost Fe (%)   

Fungal biomass      37,35a  108,83  -   

Residu      23,50b  -  66   

Remarks: number with different letters have differences based F test at 95% confidence level. 
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Soil (growing medium) and C. mucunoides Fe content  
Fe  content in the soil varies but not give a much different effect. ANOVA based on the number of 
additional spore treatment was not significantly different at the level of 95% (Figure 5). Fe 
content value of all treatments range from 902.1 mg / L - 1017.7 mg / L. The highest Fe content 
obtained from the soil without the addition of fungal spores ( 1017.7 mg / L) and low Fe content 
obtained from the soil with the addition of as much as 1.59 x 103 spores ( 902.1 mg / L). 
 

  
Figure 5.  (a) Fe metal content in the soil, bar followed by the same letter are not significantly different based on the 
Anova test level of 95%, (b) Fe metals content in plant, bar followed by the same letter are not significantly different by 
the test of Duncan's New Multiple Range Test DNMRT at the level of 95% 

 
Fe metal content in plants that do not show different values based on the test of Duncan's New 
Multiple Range Test DNMRT at the level of 95%. Value Fe content in the plant without the 
addition of spores did not differ significantly with the addition of 1.59 x 102 spores and value 
addition of Fe content at 1.59 x 102 spores and significantly different from control values in 
addition spores Fe content was 7.59 x 102 and 2, 38 x 103 (Figure 5). 
 
DISCUSSION 
Fe tolerance and absorption ability of fungi Humicola sp. R.Dn indigenous Critical Land Sub 
District Cempaka 
Humicola sp. R.Dn showed better growth than two other isolates (Penicillium sp. RG and 
Penicillium sp. R.Ha). Humicola sp. R.Dn have the largest diameter colonies. This indicates the 
viability of Humicola sp. R.Dn more quickly between the two other isolates, in a state of high Fe. 
Based on the results of calculations per cent growth of mold known that Fe affect the three 
isolates. The best percent growth seen in Humicola sp. R.Dn (Figure 4), the increasing of number 
of colony diameter indicate better ability to absorb the Fe. Based on Krumova (2012) the genus 
of Humicola (Humicola lutea 103 isolates) have the ability to absorb Cu so that reinforce this 
study to determine the metal content of Fe may can be absorbed by Humicola sp. R.Dn. 
Fe uptake on Humicola sp. R.Dn were given 70 mg/L Fe in the PDB medium shows Fe contain in 
biomass critical land Humicola sp. R.Dn has the ability to absorb Fe. Fe concentration was higher 
than rhizosphere fungi A.niger which is able to absorb Fe with optimum concentration of 25 mg/L 
a results of research Angumenal (2005).  
The ability of Humicola sp. R.Dn absorb Fe metal is closely related to the nature of the fungus is 
resistant to heavy metals (Krumova et.al, 2012). This is reinforced by the results of research 
Saidudu et.al (2014) which states that isolates Humicola sp. only found in soil treated with heavy 
metals. Krumova et.al (2012) adds that the number of cells in the body Humicola lutea 103 
isolates increased with increasing heavy metal (Cu) in the growth medium. 
Based on the calculation formula of heavy metal uptake by biomass (Al-Garni, 2009) the obtained 
Fe uptake value on fungi biomass was 108.83 mg Fe / mg of biomass. Several studies of other 
fungi also showed the absorption capacity of the Fe. One is Fusarium sp. that is able to 
accumulate 51 mg Fe / g of dry biomass, but it inhibited funal growth (Levinskaite, 2009). The 
absorption capacity of fungi biomass to heavy metals depending on the species or strains of fungi 
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that used. Humicola sp. R.Dn including one species that is resistant to metal (Saidulu et.al, 2014). 
Based on the results of the study isolates Humicola sp. R.Dn indigenous Cempaka critical land, 
this shows good potential for this isolate to be used as heavy metals bioremediator, especially Fe 
for applications in the field. 
Fe content in the soil growing medium C.mucunoides showed a decrease along with increasing 
the number of spores, although statistically no difference. This shows the activity of fungi 
Humicola sp. R.Dn in absorbing Fe. This is supported by several studies that say that the fungi of 
rhizosphere soil is able to absorb heavy metals, among others Rhizopus arhizus (Ahmad et.al 
2005) and Phoma sp. (Levinskaite, 2009). Low Fe content is obtained from a plant with the 
highest spore planting. Fe content in plants C. mucunoides also showed a similar pattern, there 
was a decrease in the levels of Fe in an increase in the number of spores given. It shows that 
without the help of Humicola sp. R.Dn Fe content remains high ground. Soil without the addition 
of spores showed the highest  final Fe content after planting among other treatments (1017.7 mg 
/ L ), as well as the levels of Fe in plants C. mucunoides. C. mucunoides plants were not given 
spores, Fe accumulate more on the body than the other plant. Humicola sp. R.Dn assist the 
process of absorption of Fe in the planting medium, so that Fe is absorbed by plants is not as 
much as the control plants. This is consistent with the statement Hidayati (2006) that C. 
mucunoides is one plant that is able to accumulate heavy metals.  
 
The Potential Humicola sp. R.Dn as Heavy Metal Biosorbent In Soil Bioremediation  
Many metals Fe (37533.30 mg / L) and Cu (15.43 mg / L) according to preliminary test results of 
this study. High metal content and exceeding the threshold are harmful to other living creatures, 
especially humans. To reduce the levels of heavy metals in soil can use bioremediation. Humicola 
sp. R.Dn that isolated from the plants rhizosphere of critical land shows potential as biosorbent 
Fe mainly on soil or growing media. Biosorption technology can replace chemical procedure to 
remove metal ions from the environment (Volesky 1990 in Kareem SO et al 2004). Fungi as 
biosorbent has many advantages, among others, easily grown, produce large quantities of 
biomass can be manipulated genetically and morphology and can be used alive or dead. (Volesky 
1990 in S.O. Kareem et al, 2004). 
The effect of adding spores Humicola sp. R.Dn on plant growth C. mucunoides also shows good 
potential. Addition of spores in a certain amount shows a decrease of Fe content in plants. As 
well as the impact on several parameters were observed. Biomass produced by plants 
C.mucunoides indicates this metal uptake activity. C.mucunoides plant suspected of association 
with fungi to reduce the high levels of Fe metals in the soil. Through this potential is expected to 
help the development of critical land bioremediation process using plants and fungi. However, 
further research on the effect of Humicola sp. R.Dn on plant growth needs to be studied. 
 
CONCLUSION 
The Indigenous fungi from rhizosphere soil of critical land sub district Cempaka, district 
Banjarbaru, South Kalimantan ( Humicola sp. R.Dn) have a better ability to absorb Fe than two 
other isolates (Penicillium sp. R.Ha and Penicillium sp. RG). Fe uptake by fungi biomass at 108.83 
mg Fe/mg of biomass. Provision of Humicola sp. R.Dn spores ( 2.38 x 103) significantly influence 
the decrease of plants Fe content.  
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ABSTRACT 
Indonesia is one of the countries that has a microorganisms megadiversity and has a large area of 
coastal forests. Ujung Genteng coastal forest is one of the few remaining coastal forests in Java. 
This research aimed to identify the type of arbuscular mycorrhizal fungi (AMF) for find potential 
type of AMF especially for marginal areas. Method used in this research included analysis of 
vegetation, AMF identification, isolation, mass propagation isolates, and testing on host plants 
and agricultural commodities. Ujung Genteng forests was dominated by Funneliformis 
geosporum (=Glomus geosporum) which were able to make symbiosis with 42 species of plants 
out of 68 species of plants observed.  Other AMF 26 plants of Claroideoglomus etunicatum (= 
Glomus etunicatum) and Acaulospora longula and 24 plants of Acaulospora foveata. 
Funneliformisgeosporum is the most tolerant AMF in various conditions, types of vegetation, and 
salinity, so it can be expected potential as a biofertilizer inoculants in marginal areas. Single 
isolate research F. geosporum on cucumber and chili plants showed isolates inorganic fertilizers is 
able to save as much as 50%. AMF is capable symbiosis 75-100% on the host and capable to 
forming spores in a single culture, but in general repeated culturing symbiotic decreased by 40-
70% and even less able to sporulation. The longer isolates of F. geosporum looks increasingly 
difficult sporulation in a single state, although it still can be good symbiotic. 
 
Keywords: Symbiosis, AMF,Funneliformis geosporum, single Isolate, biofertilizer 
 
INTRODUCTION 
Mycorrhizal fungi especially arbuscularmycorrhizal fungi (AMF) is the most dominant soil fungi 
both in number and function. AMF is an obligate symbionts symbiotic fungus to over 80% of 
plants that exist on earth. Many studies have shown that the AMF is able to increase nutrient 
uptake, both macro and micro nutrients. Efficiency is because the AMF are symbiotic with plant 
roots can extend and expand the reach of the roots of the absorption of nutrients. In addition, 
the AMF also has other important role in the ecosystem that helps to increase the resistance of 
plants to environmental factors such extreme drought, salinity and acidity, heavy metals and 
toxic materials other on the ground as well as pests and diseases in plants (Smith and Read, 
2008). 
The structure of the diversity of plants in an ecosystem can be maintained in the presence of this 
symbiosis through the mechanism of nutrients transfer. The mechanism is carried by a network 
of hyphae mycelium or hyphae-AMF from one mature plant roots to plant roots seedling. This 
mycelial network serves not only to absorb water and nutrients from the soil, but also helps to 
allocate carbon element from the parent plant to seedling. These mechanisms play an important 
role in helping the survival of a species, especially for seedling that grow under the canopy tight 
enough. Sunlight reaching the forest floor is so low that inhibits photosynthesis. Symbiotic 
mutualism between plants and the AMF in addition to maintaining soil fertility and plant 
nutrition, also can maintain stability and biodiversity of plant communities (Smith and Read, 
2008). 
Ujung Genteng coastal forest peninsula is one of the few remaining coastal forests in Java. This 
coastal forest is located in Stone Mountain Village, Ciracap District, Sukabumi, and West Java. The 
peninsula position is overlooking the Indian Ocean, surrounded by coral reefs which are relatively 
gentle, and far juts into the sea. The forest area is surrounded by the sea, therefore the forest 
ecosystem is affected by salinity. 
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Soil salinity affect the absorption of nutrients due to salinity can reduce the ability of plants to 
absorb water and ions and can lead to physical and chemical changes in the soil, lowering 
osmotic potential soil solution which interferes with the absorption of nutrients. If it happens in 
the long term, the negative impact will have a detrimental effect on the productivity of plants in 
the ecosystem (Al-Karaki 2000 and Sumner 2000). 
In fact, plants have AMF a better tolerance to salinity soil so that the use of AMF may be an 
option in tackling the problem of low productivity of plants in saline soils. However, research on 
the role of AMF in saline soil has not been done in Indonesia. Similarly, research on diversity AMF 
with factors related in the coastal forest ecosystems, especially the diversity of vegetation 
growing on it and soil properties, especially salinity has not done. Therefore, research on the 
diversity of the AMF in this coastal forest needs to be done. 
Outcomes of this study are expected to provide basic data about the diversity AMF in Indonesia, 
particularly in the Ujung Genteng Peninsula are in the long term these data can provide 
additional information for the use of AMF potential as a source of biological fertilizer on crops. 
 
METHOD 
Research activities include the analysis of vegetation, and the identification of AMF. Identification 
of the current AMF can be done by using spores or molecularly. This study uses the spore 
morphology for identification. In general, the AMF produce spores in very small amounts, so the 
technique of enrichment with pot culture needs to be done to facilitate identification. Samples of 
soil, roots and undergrowth plants  obtained from the field were used for fungus pot culture. 
Host plants used for pot culture is Pueraria phaseoloides and Sorghum sp. The cultures were 
maintained in a greenhouse for more than 6 months without P fertilizer.  Spore isolation was 
done  grinding the culture followed by  filtered with storey filters (Brundett et al. 1994). In 
addition to the pot culture, spores were taken directly from the field, and then they were 
screened and identified for AMF. Spores are well chosen and placed on the slide with the media 
for  PVLG identification (Schenck & Pérez, 1990). 
Selection of potential spores, selected from five types of AMF majority of previous reports, 
namely: Acaulosporafoveata, Claroideoglomusetunicatum, Funneliformisgeosporum, 
Glomusrubiforme and Scutelosporaauriglobosa, only F. geosporum successfully cultured 
(Puspitasari, et al, 2007, 2013). Funneliformisgeosporum Biological then used as fertilizer on Chili 
and cucumber plants. 
Tests on cucumber plants in June until August 2014 and chilli plant in July until October 2014. The 
material used in the research are the seeds of cucumber, chili seed, mycorrhizal inoculants UMJ 
Faculty of Agriculture, tested mycorrhizal inoculant of Institutional Plantation Office, cow 
manure, 15:15:15 NPK fertilizer pearls, and polybags. Research carried out by a laboratory scale 
using a randomized block design with 3 treatments, namely M1 = inoculant Mycorrhizae Faculty 
of Agriculture UMJ + 50% NPK Mutiara, M2 = inoculant Mycorrhizae tested + 50% NPK Mutiara, 
and M3 = 100% NPK Mutiara (control), with three replications. Each treatment consisted of three 
plants so that there are 27 experimental plant to plant cucumbers and chilis, a further test using 
the test Honestly Significant Difference (HSD) at 5%. 
Sowing the seeds of cucumbers and red chili in the media mix of soil and manure in the ratio 1: 1. 
Results seedbed planting medium was transferred to study when he was 2 Weeks After Seedling 
(WAS) on cucumber while chilli 3 WAS. Planting medium used in this study as much as 10 kg per 
polybag containing a mixture of soil and manure in the ratio 1: 1. 
Observations on cucumber plant begins to age 2 Weeks After Seeding (WAS) and the harvest is 
done as much as 8 times at intervals of twice a week. Parameters measured were the number of 
leaves, number of male and female flowers fruit number, fruit length, fruit diameter and fruit 
weight. 
Observations on the plant begins to age 2 WAS chili and harvest performed 10 times at intervals 
of twice a week. Parameters measured were plant height, stem diameter, number of branches, 
number of fruits, fruit length, fruit diameter and fruit weight. 
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RESULTS  
Symbiosis AMF on Plants in Field 
Overall this study looked at 68 species of vegetation results of analysis performed. Results of 
Table 1 shows that Funneliformisgeosporum(= Glomusgeosporum) capable of symbiosis with 
most species of plants are 42 species of plants from 68 plant species were observed. The 
Claroideoglomusetunicatum (= Glomusetunicatum) and Acaulosporalongula symbiosis with 26 
plants and 24 Acaulosporafoveata symbiosis with plants. The AMF other types that are not listed 
in Table 2 only in symbiosis at 1-9 species of plants. Ujung Gentengforestin Sukabumi according 
Puspitasari, et al. 2008 found 23 species of symbiotic AMF on 68 plant species. 
Funneliformisgeosporum and Claroideoglomusetunicatum in Puspitasari, et al. 2006, 2008, 2009, 
2011, 2013) named Glomusgeosporum and Glomusetunicatum. This name change is based 
Schüßler A, & Walker C (2010). 
Funneliformis differs from other glomoid spore producing genera in the Glomeromycota by 
coloured spores formed in the soil or substratum in sporocarps of 1 to approx. 20 spores 
surrounded by an entire or partial coarse mycelial mantle, or ectocarpic spores singly or in loose 
clusters in the substratum. Spores often with a funnel-shaped spore base. Spore wall structure 
normally of two or three components in a single wall group. Outer component colourless, often 
disappearing as the spore matures. Spores normally occluded by a septum in the subtending 
hypha distal to the spore base. With the sequence CGGTCATGCCGTTGGTATGY of the small 
subunit ribosomal RNA gene specific for the genus. Forming arbuscularmycorrhizas (Schüßler& 
Walker. 2010).  
 

 
single wall Group             (b) single spore         (c) sporocarp  
Figure 1. Funneliformis geosporum single wall group, single spore and Sporocarp 

 
Glomus etunicatum included in the family name: Claroideoglomeraceae so named 
Claroideoglomus etunicatum C. Walker & A. Schussler fam. nov.Producing glomoid spores that 
form in the substrate or rarely as individual spores in decaying roots and with a combination of 
an evanescent outer wall component and an inner semi-flexible component that forms an 
apparent ‘endospore’ at maturity and having the sequence CAGYYGGGRAACCRACTAAA; 
ATTKRCACATCGGTCGTGCCYTAAGGGGYATGAACYRGTGTAGTSA;TAAAAYRGGACGGCATGATTCTATT 
of the small subunit ribosomal RNA gene specific for the family. Forming arbuscularmycorrhizas 
(Schüßler& Walker. 2010). 
 
Table 1. Symbiosis AMF on Plants in Field 

No. AMF Species Plant symbiotic number 

1 Funneliformis geosporum 42 

2 Acaulospora longula 26 

3 Claroideoglomus etunicatum 26 

4 Acaulospora foveata 24 

5 Acaulospora scrobiculata 21 
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6 Glomus rubiforme 20 

7 Scutellospora auriglobosa 19 

8 Acaulospora tuberculata 18 

Note: AMF another symbiotic less than ≤ 9 plants 

 
Tests on Plants 
2.1. Cucumber 
Results of analysis of variance on the number of leaves showed that M1 (AM F-Tan UMJ + 50% 
NPK), M2 (AM tested + 50% NPK) and M3 (100% NPK) effect that is not real at all ages planting, 
although conditions number of leaves tend to be more on the M3 as a control treatment. Means 
the condition of the adequacy of NPK elements to support the number of leaves still be met with 
a 100% NPK recommended dose. So also with the provision of isolates plus 50% NPK result is no 
different. Thereby granting tested AM and AMFtan UMJ. 
Table 2. Effect of Isolates on Cucumber Leaf Number 

Treatment 
LeafNumber Flower Number 

2 WAS 3 WAS 4 WAS 5 WAS male female 

M1 5.22a 7.56a 10.33a 9.00a 15.78a 11.11a 

M2 4.89a 8.00a 14.89a 13.22a 37.44a 12.22a 

M3 5.22a 9.89a 12.67a 16.61a 20.00a 20.00a 

Note : The numbers in the same column followed by the same letter are not significantly different at the 
level of 5% HSD test. 

 
Results of analysis of variance on the number of male and female flowers showed that M1, M2 
and M3 provide real influence on all observations (Table 2). Male flowers tend to be more on the 
M2 and female flowers tend to be more on the M3. Flower formation mainly female flowers 
require an element of P and K are enough, because in this prospective female flowers and fruit 
are in the formation of flowers and fruit maximal element of P and K is needed sufficient 
(Sutedjo, 2008). So even though the NPK fertilizer was only given 50%, the M1 and M2 treatment 
but provide no real effect, means giving AM inorganic fertilizers efficiency are used in the 
formation of flowers. Research Sumiahadi (2011) male flowers cucumbers ranged between 
20.07- 43.23 and female flower buds ranging from 1.27 to 3.53 petals, so in this study generally 
visible male flowers in the same range, and female flowers in greater amounts. Results of 
research conducted Hermawati (2007), better absorption of nutrients that enhance the 
development of plant shoots, then shoots will be formed and produced more branches. This 
process is thought to cause the cucumber plants produce the amount of interest that many of 
the genetic factors in addition to the plant itself. 
Results of analysis of variance on the number, length, diameter and weight of fruit (Table 3) 
showed that M1, M2 and M3 provide real influence on all observations. However, the amount of 
fruit looks more and heavier on the M3, while the fruit tend to be longer and larger at M1. So in 
this case, although fertilizer NPK only given 50%, the M1 and M2 treatment effect that is not real, 
it means giving AM can inorganic fertilizers efficiency are used in the formation of fruit. However, 
AM-tested despite manifold analytical look no real effect, but the value looks different, it 
indicates that the diversity of outcomes among the same treatment is too high. Sumiahadi 
research (2011) shows the number of pieces in the range of 1 - 1.73 fruit, fruit length between 
12:38 cm and a diameter of fruit between 3.68 - 4:05 cm, and in this study in approximately the 
same condition. The weight per piece between 102.43 - 121.26 g, according to research 
Sumiahadi (2011) produced the weight per piece 91.73 - 164.73 g, whereas according to the 
description on the packaging of seeds per fruit weight between 100-110 g so that the results of 
this study have been appropriate. 
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Table 3. Effect of Isolates of the amount, length, diameter and weight of fruit per plant and Weight per Fruit 

Treatment Fruit Number Fruit Lenght (cm) 
Fruit Diameter 
(cm) 

Weight of fruit per 
plant (g) 

Weight per 
Fruit (g) 

M1 1.11a 12.83a 4.32a 113.70a 102.43a 

M2 0.67a 4.00a 1.66a 70.92a 105.85a 

M3 1.89a 11.99a 3.72a 229.17a 121.26a 

Note: The numbers in the same column followed by the same letter are not significantly different at the 
level of 5% HSD test. 

 
When planting cucumbers on the state of the dry season, in June temperature between 24.8 - 
33O C, as well as in July-August the same weather conditions even hotter, while the optimal 
growth temperature in the range 21,1oC cucumber - 26,7oC so this is causing less than optimal 
growth and interest caused many deaths. Therefore the number of fruit not much per plant. 
Hermawati (2007) mentions that other factors that cause cucumbers to hold more photosynthate 
in roots is to retain its ability to obtain nutrients. This process resulted in the plant can control 
the use of nutrients absorbed, including the use of phosphorus contained in municipal waste 
compost or in soil. Fitter and Hay (1981) states that the achievement of a high concentration of 
phosphorus in the canopy resulted in a new, more efficient fotosintat and move more 
photosynthate to the roots to maintain a high rate of nutrient absorption. Results of 
photosynthesis in the reproductive phase, both newly formed and stored as a reserve used by 
the plant network system for the formation of flowers to become fruits. 
Mycorrhizae are symbiotic associations with the roots of certain fungi mycelia. AM fungi can 
effectively improve the absorption of nutrients both macro and micro nutrients, other than the 
roots mycorrhizal with can absorb nutrients in the form of bound and unavailable to plants (Anas, 
1997). In this case the fungus does not damage or kill the host plant, but it gives a benefit on the 
host (host) and vice versa fungi can obtain carbohydrates and other growth factors of the host 
plant. According to Smith and Read (1997), the ability to infect AM highly dependent on the 
species of AMF and host plant species. Compatibility between AM and the host plant fungi is the 
ability to use both symbionts symbiosis function fully. Research Fitriatinet al. (2002), AM 
application can increase root dry weight and yield of soybean significantly. 
According to Hapsoh, 2008 ; Widiastuti et al., 2011, the AM can save 25-50% of fertilizer for oil 
palm plantations, horticulture and crops. Overall AM in this study streamline inorganic NPK 
requirement, indicated by the value analysis of variance were no real effect on all treatments and 
parameters. However, because the value of 100% NPK showed a better value, than the other two 
treatments, the alleged overall NPK requirement needed for treatment of AM is higher than 50% 
or be able to save less than 50% of the recommended dose of fertilizer. AMF can help the crop in 
the form of increased growth and the absorption of nutrients, especially P and water use 
efficiency. Fungi mycorrhizae can absorb nutrients such as P, N, K, Zn, Cu and Fe in soil saline (Al-
Kariki, 2000; Hatimi1999; Porras-Soriano et al.., 2009; Hajiboland et al., 2010; Khalil et al.., 2011), 
so that fertilizer is more efficient when added to the plant. 
 
2.2. Chilli Plants 
Plant height affect the ability of plants to get sunlight to perform photosynthesis. The highest 
plant in the plant indicated by the study provided by NPK 100% (Table 1). However, these results 
were not significantly different to the provision isolates Ftan + NPK 50% at 7 WAS old plants. 
 
Table 4. Number of Branches by Providing Mycorrhizal Isolates 

Treatment 
Branch Number 

StemDiameter(cm) 
3 WAS 4 WAS 5 WAS 6 WAS 7 WAS 

F. geosporum + NPK 50% 3b 5a 8a 9a 9a 0,81a 

Mikorizateruji + NPK 50% 4ab 5a 9a 10a 10a 0,80a 
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NPK 100% 5b 6a 9a 9a 9a 0,86a 

Note: The numbers in the same column followed by the same letter are not significantly different at the 
level of 5% HSD test. 
 

Branching on chilli plants is one of the important parts where the chilies will emerge from the 
growing interest in branching or around the armpit leaves. The more branches will certainly 
generate a lot of chilies. In Table 2, the number of branches produced showed no significant 
differences between the treatments given. 
The higher the plant then requires a strong stems and large in order to sustain it. Stem diameter 
crops giving mycorrhizal isolates were not significantly different crops NPK giving 100% (Table 4). 
The ability to grow crops and raise the rod is determined by the nutrients available for absorption 
by plants. Giving thought to have symbiotic mycorrhizal isolates with plants to obtain additional 
nutrients from the soil so that it can compete with plants that are given NPK 100%. 
Mycorrhizae are symbiotic associations with the roots of certain fungi mycelia. AM fungi can 
effectively improve the absorption of nutrients both macro and micro nutrients, other than the 
roots mycorrhizalcan absorb nutrients in the form of bound and unavailable to plants (Anas, 
1997). 
Table 5. Production of Plant Chili 

Treatment 
Fruit 
Number 

Fruit Lenght (cm) Fruit weight (g) 
Fruit Diameter 
(cm) 

F. geosporum + NPK 50% 13a 10,17a 1,48a 0,60a 

Mikorizateruji + NPK 50% 13a 10,48a 1,69a 1,26a 

NPK 100% 6a 9,92a 1,47a 0,67a 

Note: The numbers in the same column followed by the same letter are not significantly different at the 
level of 5% HSD test. 

 
The resulting production was not significantly different between treatments. But production 
produced by the plant that is given mycorrhizal isolates turned out to provide better results 
compared with a given plant NPK 100% (Table 5). This is presumably due to mycorrhizal 
symbiosis with the plant continuously so that the plant be unaffected by the reduced nutrient of 
NPK. Mycorrhizal hyphae help search for nutrients from the soil micro pores so that the 
nutritional needs of plants can be met until the chilies can be harvested. 
Arbuscularmycorrhizae can do some ways to increase the absorption of nutrients from the soil by 
expanding the surface area and the range due to external hyphae smaller (1/10) compared with 
the roots. Arbuscularmycorrhizal able to accelerate the movement of P to root through increased 
affinity P to the roots, thereby reducing the threshold concentration required P to diffuse, and 
change the environment of organic rhizosphere chemically eg through the release of organic 
acids, and increased phosphatase activity, as well as increase production fitohormon that can 
alter the phenotype root is the root formation with a higher node can also make the life of the 
roots become longer thereby increasing total nutrient absorption capacity (Orcutt& Nielsen, 
2000). 
3. Isolate Maintenance Funneliformisgeosporum and mass propagation 
Isolation and propagation of isolates having problems forming spores, for comparison we also 
examined the institution to another, namely Bogor Plantation Office. This refers to the 
Kepmentan No 70 / 2011. In symbiosis in the first year, the results can be symbiotic trapping on 
shorgum plants with a range of 57.9 to 100% (Table 6), may meet the criteria Kepmentan, 
although the number of spores did not meet. Information of the Department of Plantation 
criteria Researchers. 
 
Table 6.  Percentage of Mycorrhizal Symbiosis in Shorgum Roots and the amount of spores at the age of 3 
months (Reports Year I) 

No. Scientific Name  percentage (%) Spore Number/100g Soil trapping 
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1 Syzygium sp. 62,5 12,67 

2 Guetardaspeciosa 100 75,67 

3 Nephrolepis sp. 57,9 27,67 

4 Hibiscus tiliaceus 60 49,33 

5 Pandanustectorius 100 158,67 

 Note: symbiosis when it meets can still be used as a biological fertilizer. Bogor Plantation Office has 
marketed this biological fertilizer with trademarks Miza plus. 
 

In the year to the second single insulating root percentage ranges from 50-75% with the amount 
of spores ranging from 0-10 per 100g of zeolite. The isolation after tested on cucumber and chili 
plants on fertilizers of 50%, showed no significant difference with fertilizer and mycorrhizal 100% 
tested in the market as discussed above. 
Table 7. Percentage of Mycorrhizal Symbiosis in Shorgum Roots and Total Spores 

No Propagation Age Isolates (months) Percentage (%) Number of Spores 

1 Isolates Single 2,5 – 3 46,67 - 

2 Isolate Single 2 40 - 

3 Production mass Isolate  1 56,67 - 

4 Production mass Isolate 3 70 - 

         
Comparison of spore formation is also carried out at the Department of the estate, carried out 
prior trapping continued isolation of the month December 2014 - in May 2015. The results of the 
isolation of the species F. geosporum, each 100g zeolite isolation results showed roughly the 
same things, the formation of spores ranging from 0-20 spores per 100 g of zeolite at the age of 
2-3 months. In the third, Table 7, the percentage decline in the symbiosis of approximately the 
same age, namely 46.67%, and without spores on its 100g zeolite. In the production mass isolate, 
symbiosis and sporulation are also seen to decline. The longer isolate of F. geosporum looks 
increasingly difficult sporulation in a single state, although it still can be good symbiotic, visible 
vesicles in root tissue in Figure 2. 
 
 
 
 
 
 
 
Figure 2. Single Isolates Symbiosis Funneliformisgeosporum the Host Root Shorg 
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ABSTRACT 
In Indonesia, utilization of papaya leaf (Carica papaya L.) as a cooked vegetable and traditional 
herbal medicine (called jamu) is very common. Some of local communities consume jamu of 
papaya leaf daily to keep their body fitness and prevent from some illness. Scientific investigation 
to deliver comprehensive evidences of the traditional and medicinal uses of papaya leaf is still 
not adequate, especially in the aspect of its biological active constituents. Antioxidative and 
vasodilatatory effects of methanol extract of papaya leaf that implicate in the reduction of 
cardiovascular risks have been demonstrated. This study was focused on the isolation and 
identification of the active constituents of methanol extract of C. papaya leaf. Variety of C. 
papaya used in this experiment was IPB9 that collected in Pelaihari, South Kalimantan.  

Chromatographic isolation was performed using several sizes of open columns with two different 
polarity of stationary phases, silica gel 60 (0.063-0.200 mm) and ODS (12 nm, S-75 μm),  hich 
was preceded by alcoholic extraction and fractionation process.  The Structures of isolated 
compounds were determined by comparison of their physical (appearance, color, melting point) 
and spectroscopic data (UV-Vis, IR, 1H- and 13C-NMR) with those reported in the literatures. The 
eight isolated compounds were identified as gallic acid, caffeic acid, mauritianin, rutin, myricitrin, 
kaempferol rutinoside, quercetin, and kaempferol, which belonging to phenolic compounds. 

Quantification using an HPLC system showed that mauritianin (kaempferol 3-O-[-L-

rhamnopyranosyl (12)][-L-rhamnopyranosyl (16)]--D-glucopyranoside) was the highest 
content of flavonoids in the MeOH extract (7.23 mg/g) and BuOH fraction (123.18 mg/g). 
 
Key words: Carica papaya , flavonoids, HPLC, isolation, mauritianin, quantification. 
 
INTRODUCTION  
Papaya (Carica papaya Linn., family: Caricaceae) is a tree-like herbaceous plant widely cultivated 
for its economic value, especially as edible fruits. Papaya is also a nutraceutical plant having a 
wide range of pharmacological activities. The whole plant has its own medicinal value. The wide 
range of enzymes, vitamins, minerals, and other secondary metabolites make it as a nutraceutical 
plant (Aravind et al., 2013). The health benefits of papaya have been frequently mentioned in 
Ayurveda and traditional Chinese medicine (Tan et al., 2012). C. papaya is well known of its two 
important compounds, chymopapain and papain, which are supposed to aid in digestion (Krishna 
et al., 2008).  
Papaya fruit is the major product of papaya tree and it is well known for its excellent taste and 
nutritive value when ripe, whereas other parts such as trunk, stem, and especially leaf are 
considered as waste. Although the leaf is generally discarded; in certain area, the people also use 
them as vegetable and traditional herbal medicine. In Indonesia, utilization of papaya leaves as 
cooked vegetable and traditional herbal medicine (local name: jamu) is very common. Local 
peoples consume jamu of papaya leaf to keep their body fitness and prevent from some illness. 
In several Asian countries, papaya leaves are used to treat intestinal worms, gastric digestion 
problems, amoebic dysentery, and control fever (Zunjar et al., 2011).  
Many studies have linked papaya leaf extract with health benefits, such as reducing 
cardiovascular disease risk, anti-inflammatory activity, anti-tumour activity, and alleviating 
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allergic disorders (Vuong et al., 2013). Otsuki et al. (2010) reported the potency of aqueous 
extract of papaya leaves as an anti-tumor by enhancing the production of Th1 type cytokines 
from human lymphocytes. Ahmad et al. (2011) showed the potential activity of the aqueous 
extract against Dengue fever. Baskaran et al., (2012) confirmed the presence of antibacterial and 
antifungal activities of papaya leaves extract against various human pathogenic bacteria. Liew et 
al., (2012) presented a novel finding indicating the potency of C. papaya leaves extract as agent 
to kill hypoxic cancer cells. When compared to other nine tested plant extracts, C. papaya was 
decided as the primary candidate, as evidenced from a 3-fold reduction in IC50 of hypoxic 
normoric cancer cells, due to the inhibition of HIF activities.  In addition, Kovendan et al. (2012) 
reported the antimalarial activity of papaya leaves extract against Plasmodium falciparum. 
Using in vitro model, Okoko and Ere (2012) demonstrated that leaves extract possess significant 
antioxidant and free radical scavenging abilities. The extract also reduce hydrogen peroxide 
induced erythrocyte haemolysis and lipid peroxidation significantly when compared to ascorbic 
acid. Tan et al. (2012) also reported that the phenolic- and flavonoid-rich papaya extract 
especially the leaf extract confer protection to human HepG2 cells against oxidative challenge by 
reducing free radical activity and also improving the antioxidant defenses. Compared to fruits 
extracts (both ripe and unripe one), leaf extract showed the highest potency as antioxidative and 
hepatoprotective agents. 
The leaf of papaya has been shown to contain many active components that can increase the 
total antioxidant po er in blood and reduce lipid peroxidation level, such as papain, α-
tocopherol, ascorbic acid, and flavonoids (Kovendan et al., 2012). Using pyhtochemical screening 
of extract of C. papaya leaves, Zunjar et al. (2011) suggested the presence of carbohydrates, 
amino acids, saponin glycosides, iridoids, flavonoids, phenolics, and alkaloids. Canini et al., 
(2007), using GC-MS technique, identified the present of quercetin and kaempferol together with 
five phenolic acids (protocatechuic acid, p-coumaric acid, dimetoxycoumarin, caffeic acid, and 
chlorogenic acid). Using LC-ESI-ToF analysis, Tan et al. (2012) reported the presence of apigenin, 
kaempferol, quercetin, myricetin, isorhamnetin, catechin, hesperitin, and naringenin. 
Andarwulan et al. (2012) also detected such those compounds (caffeic acid, chlorogenic acid, 
ferulic acid, quercetin, kaempferol, and apigenin) on HPLC.  
Although numerous studies have demonstrated the biological activities of C. papaya leaves, more 
scientific investigations are still required to deliver comprehensive evidences of the traditional 
and medicinal uses of papaya leaf, especially in the aspect of its biological active compounds. 
Because still there is no intensive study exploring the composition of flavonoids present in C. 
papaya. Therefore, this study was aimed to investigate the composition and quantities of the 
active constituents especially flavonoid compounds in the leaf part of C. papaya. Flavonoids is an 
important class of natural phenolics and the most diverse and widespread group of 
phytochemicals (Tan et al., 2012). Biological actions of dietary flavonoids are generally related to 
their free radical scavenging activity, but recent findings indicate that natural compounds can 
also act by increasing the endogenous antioxidant defense potential. The protective effects of 
these compounds are related to their functions in sequestering ROS and maintaining the cell 
components in their appropriate redox state (Masella et al., 2005). 
 
MATERIALS AND METHODS 
Plant material 
Plant material used in this study was the leaf part of Carica papaya Linn. (IPB9 variety).   The 
material was collected from a papaya farm near Pelaihari City, South Kalimantan Province in 
February 2015. Plant species was identified and authenticated at The Department of Agronomy, 
Lambung Mangkurat University, and the voucher specimen (No. C-3) was deposited in the 
herbarium of Laboratory of Natural Products, Department of Agro-industrial Technology, 
Lambung Mangkurat University. The collected leaves of C. papaya were immediately stored for 
two days in a dark room for airy drying and dried completely in an oven at 40°C. Prior to 
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extraction process, the dried plant material was coarsely powdered using a rotary grinder and 
stored using an airtight plastic container in the refrigerator. 
 
Reagents 
For isolation and purification, two stationary phases of column chromatography, Silica gel 60 
(0.063-0.200 mm, Merck, Germany) and ODS (Octadecylane, 12 nm, S-75 μm, YMC Co., Ltd., 
Japan) were used. TLC plates were silica gel 60G F254 and RP-18 F254s purchased from Merck KGaA. 
All compounds were detected under UV (254 and 365 nm) and by spraying with H2SO4 (50%).  
Melting points of the isolated compounds were determined on an Electrothermal 9100 melting 
point apparatus. Optical rotation was measured on a Perkin Elmer Model 341 polarimeter at 
20°C. IR spectra were measured on a Jasco FT/IR-4200 spectrometer in KBr disks. The FAB mass 
spectra were obtained on a VG ZABSPEC instrument. The 1H-NMR spectra (δ ppm, J in Hz) were 
recorded in DMSO-d6 on a Brucker AM-500 spectrometer (500 MHz), while 13C-NMR spectra were 
recorded in the same solvent on a Brucker AM-500 spectrometer at 125 MHz with 
tetramethylsilane (TMS) as an internal standard.  
HPLC system used for quantitation was the Varian HPLC system consisted of Prostar 210 pumps, 

Prostar 325 UV-vis detector, Shiseido Capcell PAK C 8 column (5 μm, 4.6 mm  250 mm, Japan). 
Column temperature was constantly maintained using a MetaTherm temperature controller. Two 
solvents as mobile phases CH3CN and H2O were the HPLC grade purchased from J.T. Baker Co. 
(Phillipsburg, NJ, USA). The collected data was processed using the Varian Star Workstation. The 
reagents of diethylenetriaminepentaacetic acid (Sigma Co., St. Louis, MO, USA), 
dihydrorhodamine 123 (Molecular Probes, Eugene, OR, USA), and peroxynitrite (Cayman 
Chemicals Co., Ann Arbor, MI, USA) were used for the peroxynitrite-scavenging assay. 
 
Isolation and identification 
Dried leaves of C. papaya (750 g) were extracted three times with MeOH (6 L) under reflux at 
70°C for 5 hours each. The extract was filtered using filter papers and concentrated on a vacuum 
rotary evaporator to give a viscous mass (86 g). This sticky MeOH extract (80 g) was suspended in 
800 mL H2O and fractioned with 800 mL CHCl3 three times. The residual aqueous layer was then 
fractionated with 800 mL BuOH three times and the BuOH-soluble portion was concentrated to 
give the BuOH fraction (25.1 g). The BuOH fraction (23.1 g) was subjected to silica gel column 

chromatography (ø 50 mm  35 cm, SiO2) using CHCl3-MeOH-H2O (70:30:10, lower phase) as a 
mobile phase with flow rate of 4.5 mL/min. A total of 186 fractions (each 50 mL) were collected, 
their composition monitored by TLC {solvent: CHCl3-MeOH-H2O (70:30:10, lower phase)}, and 
then combined into eight fraction groups (A-H).  
Each of fraction group was concentrated using a rotary vacuum evaporator to produce sticky 
fraction which can be used for isolation process. Several TLC simulations were performed in order 
to determine the isolation method of a fraction group. Hence, the stationary phase type, mobile 
phase, column size, and also flow rate of column chromatography have been selected for 
optimum isolation process.  
To obtain the main compound of fraction group B (#32-50, 1.89 g), a silica gel column (ø 20 mm × 
35 cm) combined with CHCl3-MeOH-H2O (70:30:10, lower phase) eluent with flow rate of 2 
mL/min was choosen. By this method, 31 fractions were collected (@ 20 mL). After TLC analysis, 
those fractions were grouped into three fraction groups (B1-B3). Fraction group B2 (#21-26) was 
concentrated to yield compound 1 (Gallic acid, 90 mg).  
For separation of fraction group D (#82-101, 2.38 g), an ODS column (ø 20 mm × 32 cm) with 
MeOH-H2O (1:1) eluent was selected. Collection by 20 mL per fraction with flow rate of 2 mL/min 
resulted 28 fractions, which were combined by TLC checking into three groups (D1, D2, and D3). 
Fraction group D3 (#25-28, 0.77 g) was purified to produce compound 8 (Kaempferol, 25 mg). 
Using the same ODS column with MeOH-H2O (1:1) eluent, fraction group D2 (#06-24, 1.15 g) was 
also separated and resulted 22 fractions (D2a, D2b, and D2c). Group D2c (#18-22) was 
evaporated and recrystallized to obtain compound 7 (Quercetin, 19 mg). In addition, Group D2a 
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(#08-13) was also chromatographed with the same method to obtain compound 6 (Kaempferol 
rutinoside, 44 mg). 
Based on the TLC analysis, it was assumed that fraction group E may also contain flavonoids. 
Therefore, this fraction was subjected to ODS column (ø 20 mm × 32 cm) using MeOH-H2O (1:1) 
as mobile phase, and eluted at 20 mL/min. This procedure resulted in 20 fractions that were 
classified into three groups (E1, E2, and E3). Fraction group E2 (#06-11) was selected by TLC as a 
single compound (compound 5, Myricitrin). Evaporation and recrystallization of group E2 
produced a total of 35 mg of that compound. 
On TLC, fraction group G also showed two yellowish spots indicating flavonoids. Using ODS 
column with the same spesification of previous isolation procedure, fraction group G was 
separated into three groups (G1, G2, and G3). Group G1 (#02-03) was purified to obtain 
compound 2 (caffeic acid, 17 g). Group G3 (#12-16) was also a single compound. After 
recrystallization, compound 4 (Quercetin rutinoside, 36 mg) was obtained. While, purification of 
fraction group D2 (#05-12) produced a flavonoid compound, compound 3 (Mauritianin, 86 mg). 
 
HPLC quantitative analysis 
The HPLC method used for quantitative analysis is described as follows: Two mobile phases, 
solvent A (H2O with 0.1% acetic acid, v/v) and solvent B (CH3CN with 0.1% acetic acid, v/v) were 
used in this method. Gradient elution of the mobile phases (A:B, v/v) was programmed as 85:15 
at   min → 35:65 at 35 min (constant for 5 min) →  :    at 42 min (constant for 4 min) → 85: 5 
at 49 min (constant for 6 min). The flow rate and column temperature was set constantly at 1.0 
ml/min and 40°C, respectively. The detection wavelength was fixed at 254 nm and monitored 
during 40 min for each sample. 
The standard stock solution (     μg/ml)  as prepared by dissolving each standard compound in 
MeOH and preserved at less than 4°C. The working standard solution was prepared by serial 
dilutions of the standard stock solution. Regression equation was determined by plotting the 
peak area (y) vs. concentration (x, μg/ml) at six minimum concentration solutions. 
 
RESULT AND DISCUSSION 
Phytochemical constituents 
Previously, several studies concerning on phytochemical constituents have reported the presence 
of various compounds in papaya leaf using phytochemical test and instrumental analysis. Zunjar 
et al. (2011) detected various classes of secondary metabolites in papaya leaf including phenolics, 
flavonoids, saponins, alkaloids, tannins, and iridoids. Canini et al. (2007) identified the present of 
kaempferol and quercetin together with other six compounds (protocatechuic acid, p-coumaric 
acid, dimetoxycoumarin, caffeic acid, dan chlorogenic acid). Using LC-ESI-ToF analysis, Tan et al. 
(2012) reported the presence of apigenin, kaempferol, quercetin, myricetin, isorhamnetin, 
catechin, hesperitin, and naringenin. Although many reports have suggested the presence of 
flavonoids in papaya leaf, but most of them only detected the aglycones of flavonoids. There is 
no literature reported the isolation, identification, and content analysis of flavonoid glycosides in 
papaya leaf. 
In this study, using the BuOH fraction derived from MeOH extract combinated with several 
chromatographic and spectroscopic techniques we isolated and identified four flavonoid 
glycosides, mauritianin, rutin, myricitrin, and kaempferol rutinoside together with the aglycones 
(quercetin and kaempferol) and two common phenolics (gallic acid and caffeic acid). The  four 
flavonoid glycosides were reported for the first time in C. papaya. 
Isolation were performed on combination of two chromatography columns, i.e. silica gel column 
(for normal phase) and an ODS column (for reverse phase). Structures of the isolated compounds 
were determined by comparison of their physical (appearance, color, melting point) and 
spectroscopic data (UV-vis, IR, 1H- and 13C-NMR) with those reported in the literatures. Based on 
the literature studies and structural relationships, the two phenolic acids (gallic acid and caffeic 
acid) were identifed by confirming the isolated compounds with the standards purchased from 
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Sigma-Aldrich Co. (St. Louis, MO, USA) using co-TLC and HPLC. Chemical structures of the isolated 
compounds are shown in Fig. 1., and the physical and spectroscopic data were described as 
follows. 

 
 

Comp. R1 R2 R3 

(3) Mauritianin H H 
O-[-L-rhamnopyranosyl (12)][-L-rhamnopyranosyl (16)]-

-D-glucopyranosyl 

(4) Rutin OH H O--L-rhamnopyranosyl (16)--D-glucopyranosyl 

(5) Myricitrin OH OH O--L-rhamnopyranosyl 

(6) Kaempferol rutinoside H H O--L-rhamnopyranosyl (16)--D-glucopyranosyl 

(7) Quercetin OH H H 

(8) Kaempferol H H H 

Figure 1. Chemical structures of the isolated compounds.   

 
Compound 3: Kaempferol 3- O-[-L-rhamnopyranosyl (12)][-L-rhamnopyranosyl (16)]--D-
glucopyranoside. 
Yellowish powder; mp 172- 74°C; UV (MeOH) λmax nm (log ε): 36 .  (4.24), 256.  (4.33); IR νmax 

(KBr, cm-1): 3434 (br., O-H), 2988 (aromatic C-H), 1655 (α,β-unsaturated ketone), 1599 (aromatic 
C=C), 1459 (CH2), 1362 (CH3), 1063 (glycosidic C-O); 1H-NMR (500 MHz, DMSO-d6) δ: Kaempferol - 
6.42 (1H, d, J = 1.8 Hz, H-6), 6.21 (1H, d, J = 1.8 Hz, H-8), 7.96 (1H, d, J = 10.2 Hz, H-2'), 6.86 (1H, d, 
J = 8.4 Hz, H-5'), 7.96 (1H, d, J = 10.2 Hz, H-6'), Glc - 5.51 (1H, d, J = 7.2 Hz, anomeric H ), Rha - 
5.35 (1H, d, J = 6.6 Hz, anomeric H), 0.83 (3H, d, J = 6.6 Hz), Rha - 5.07 (1H, br s, anomeric H), 0.98 
(3H, d, J = 6.0 Hz); 13C-NMR (125 MHz, DMSO-d6) δ: Kaempferol - 160.30 (C-2), 133.05 (C-3), 
177.69 (C-4), 156.92 (C-5), 94.22 (C-6), 164.71 (C-7), 99.22 (C-8), 161.69 (C-9), 104.43 (C-10), 
121.42 (C-1'), 131.15 (C-2'), 115.56 (C-3'), 157.04 (C-4'), 115.76 (C-5'), 131.15 (C-6'), Glc – 99.03 
(C-1''), 77.82 (C-2''), 77.51 (C-3''), 68.70 (C-4''), 76.06 (C-5''), 67.33 (C-6''), Rha – 101.21 (C-1'''), 
71.08 (C-2'''), 72.34 (C-3'''), 72.34 (C-4'''), 71.08 (C-5'''), 17.74 (C-6'''), Rha – 101.21 (C-1''''), 70.80 
(C-2''''), 72.30 (C-3''''), 72.30 (C-4''''), 70.80 (C-5''''), 18.14 (C-6''''). The NMR data were in good 
agreement with the data of the same compounds reported by Kazuma et al. (2003). 
 
Compound 4: Rutin (Quercetin 3-O-α-L-rhamnopyranosyl-( →6)-β-D-glucopyranoside). 
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Yellowish powder; mp 187- 89°C; UV (MeOH) λmax nm (log ε): 36 .  (4.24), 256.  (4.33); IR νmax 
(KBr, cm-1): 3434 (br., O-H), 2988 (aromatic C-H),  655 (α,β-unsaturated ketone), 1599 (aromatic 
C=C), 1459 (CH2), 1362 (CH3), 1063 (glycosidic C-O); 1H-NMR (500 MHz, DMSO-d6) δ: Quercetin - 
6.21 (1H, d, J = 1.8 Hz, H-6), 6.40 (1H, d, J = 1.8 Hz, H-8), 7.55 (1H, d, J = 1.8 Hz, H-2'), 6.86 (1H, d, J 
= 7.8 Hz, H-5'), 7.56 (2H, dd, J = 1.8, 8.5 Hz, H-6'), Glc - 5.36 (1H, d, J = 7.2 Hz, anomeric H ), Rha - 
4.41 (1H, br s, anomeric H), 1.01 (3H, d, J = 6.6 Hz); 13C-NMR (125 MHz, DMSO- d6) δ: Quercetin - 
156.90 (C-2), 133.79 (C-3), 177.84 (C-4), 161.68 (C-5), 99.16 (C-6), 164.60 (C-7), 94.06 (C-8), 
157.06 (C-9), 104.42 (C-10), 122.05 (C-1'), 116.75 (C-2'), 145.22 (C-3'), 148.89 (C-4'), 115.71 (C-5'), 
121.65 (C-6'), Glc – 101.68 (C-1''), 74.55 (C-2''), 76.98 (C-3''), 70.84 (C-4''), 76.38 (C-5''), 67.46 (C-
6''), Rha – 101.20 (C-1'''), 71.05 (C-2'''), 70.84 (C-3'''), 72.34 (C-4'''), 68.69 (C-5'''), 18.18 (C-6'''). 
The NMR data were in good agreement with the data of the same compounds reported by Park 
et al. (2004). 
 
Compound 5: Myricitrin (Myricetin 3-O-α-L-rhamnopyranosyl). 
Yellowish powder, mp 205-2 7°C; IR νmax (KBr, cm-1): 3388 (br., O-H), 2923 (aromatic C-H), 1665 
(α,β-unsaturated ketone), 1609 (aromatic C=C), 1454 (CH2), 1359 (CH3), 1059 (glycosidic C-O); 1H-
NMR (500 MHz, DMSO-d6) δ: Myricetin - 6.21 (1H, d, J = 1.5 Hz, H-6), 6.37 (1H, d, J = 1.5 Hz, H-8), 
6.89 (2H, s, H-2',6'), Rha - 5.21 (1H, d, J = 1.7 Hz, H-1''), 3.95 (1H, dd, J = 1.7, 3.6 Hz, H-2''), 3.55 
(1H, dd, J = 3.6, 9.5 Hz, H-3''), 3.14, 3.18 (2H, m, H-4'', 5''), 0.86 (1H, d, J = 6.0 Hz, H-6''); 13C-NMR 
(125 MHz, DMSO-d6) δ: Myricetin - 156.47 (C-2), 133.82 (C-3), 177.82 (C-4), 161.47 (C-5), 99.11 
(C-6), 164.44 (C-7), 94.12 (C-8), 157.24 (C-9), 104.14 (C-10), 120.15 (C-1'), 109.13 (C-2'), 146.27 (C-
3'), 137.12 (C-4'), 145.95 (C-5'), 109.12 (C-6'), Rha – 102.54 (C-1''), 70.42 (C-2''), 70.58 (C-3''), 
71.86 (C-4''), 70.24 (C-5''), 17.86 (C-6''). The NMR data were in good agreement with the data of 
the same compounds reported by Mok and Lee (2013). 
 
Compound 6: Kaempferol rutinoside (Kaempferol 3-O-α-L-rhamnopyranosyl-( →6)-β-D-
glucopyranoside). 
Yellowish powder, mp 183- 85°C; UV (MeOH) λmax nm (log ε): 35 .  (4.  ), 264.  (4.2 ); IR νmax 
(KBr, cm-1): 3388 (br., O-H), 2923 (aromatic C-H),  665 (α,β-unsaturated ketone), 1609 (aromatic 
C=C), 1454 (CH2), 1359 (CH3), 1059 (glycosidic C-O); 1H-NMR (500 MHz, DMSO-d6) δ: Kaempferol - 
6.22 (1H, d, J = 1.8 Hz, H-6), 6.43 (1H, d, J = 1.8 Hz, H-8), 7.99 (2H, d, J = 9.0 Hz, H-2',6'), 6.89 (2H, 
d, J = 9.0 Hz, H-3',5'), Glc - 5.33 (1H, d, J = 7.8 Hz, anomeric H ), Rha - 4.40 (1H, br s, anomeric H), 
3.05~3.72 (16H, rut), 1.00 (3H, d, J = 6.0 Hz, -CH3); 13C-NMR (125 MHz, DMSO-d6) δ: Kaempferol - 
156.97 (C-2), 133.72 (C-3), 177.86 (C-4), 161.67 (C-5), 99.21 (C-6), 164.64 (C-7), 94.22 (C-8), 
157.31 (C-9), 104.47 (C-10), 122.37 (C-1'), 131.32 (C-2'), 115.57 (C-3'), 160.37 (C-4'), 115.57 (C-5'), 
131.32 (C-6'), Glc – 101.84 (C-1''), 74.66 (C-2''), 76.88 (C-3''), 70.43 (C-4''), 76.24 (C-5''), 67.37 (C-
6''), Rha – 101.23 (C-1'''), 70.82 (C-2'''), 71.10 (C-3'''), 72.33 (C-4'''), 68.70 (C-5'''), 18.71 (C-6'''). 
The NMR data were in good agreement with the data of the same compounds reported by Song 
et al. (2007). 
 
Compound 7: Quercetin. 
Yellowish powder; mp 314-3 6°C; IR νmax (KBr, cm-1): 3434 (br., O-H), 2988 (aromatic C-H), 1655 
(α,β-unsaturated ketone), 1599 (aromatic C=C), 1459 (CH2), 1362 (CH3), 1063 (glycosidic C-O); 
1H-NMR (500 MHz, DMSO-d6) δ: Quercetin - 6.21 (1H, d, J = 1.8 Hz, H-6), 6.40 (1H, d, J = 1.8 Hz, 
H-8), 7.55 (1H, dd, J = 8.5, 2.0 Hz, H-2'), 6.88 (1H, d, J = 8.5 Hz, H-5'), 7.76 (1H, d, J = 2.0 Hz, H-6'); 
13C-NMR (125 MHz, DMSO-d6) δ: Quercetin - 146.10 (C-2), 133.79 (C-3), 176.84 (C-4), 161.12 (C-
5), 99.16 (C-6), 164.14 (C-7), 94.06 (C-8), 157.06 (C-9), 104.12 (C-10), 122.05 (C-1'), 116.15 (C-2'), 
145.86 (C-3'), 148.24 (C-4'), 115.41 (C-5'), 121.16 (C-6'). The NMR data were in good agreement 
with the data of the same compounds reported by Mok and Lee (2013). 
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Compound 8: Kaempferol. 
Yellowish powder, mp 275-277°C; IR νmax (KBr, cm-1): 3388 (br., O-H), 2923 (aromatic C-H), 1665 
(α,β-unsaturated ketone), 1609 (aromatic C=C); 1H-NMR (500 MHz, DMSO-d6) δ: Kaempferol - 
6.19 (1H, d, J = 1.8 Hz, H-6), 6.43 (1H, d, J = 1.8 Hz, H-8), 8.01 (2H, d, J = 9.0 Hz, H-2',6'), 6.89 (2H, 
d, J = 9.0 Hz, H-3',5'); 13C-NMR (125 MHz, DMSO-d6) δ: Kaempferol - 146.98 (C-2), 134.72 (C-3), 
176.24 (C-4), 161.21 (C-5), 99.51 (C-6), 164.12 (C-7), 93.82 (C-8), 158.31 (C-9), 104.14 (C-10), 
122.87 (C-1'), 130.12 (C-2'), 115.47 (C-3'), 160.21 (C-4'), 115.47 (C-5'), 130.22 (C-6'). The NMR 
data were in good agreement with the data of the same compounds reported by Mok and Lee 
(2013). 
 
HPLC quantification 
In the present study, we were also concerned in the quantification of the isolated compounds 
using HPLC technique. Quantitative analysis is an important tool to provide information of the 
composition and level of the active components contained in a plant material (Li et al., 1998), in 
which the major ones are generally responsible for some particular pharmacological effects 
including antioxidative effect (Fraisse et al., 2011). Analytical experiments were performed on a 
Varian HPLC system (Palo Alto, CA, USA) consisting of two Prostar 210 pumps, a Prostar 325 UV-
Vis detector, and a Shiseido Capcell PAK C 8 column (5 μm, 4.6 mm × 250 mm, Tokyo, Japan) 
equipped with its MetaTherm temperature controller. HPLC analytical method was designed to 
be used for the purpose of simultaneous determination of the flavonoids and caffeoylquinic 
acids. 
Regression equation was determined by plotting the peak area (y) vs. concentration (x, μg/ml) at 
six concentration solutions. The linearity of eight compounds (Table 1), represented by the values 
of R2 (correlation coefficient), and were more than 0.999. This result indicated that the present 
HPLC method was sufficient to generate linear regressions with very good linearity. 
 
Table 1. Regression equation and linearities of the compounds 

Compounds 
tR 

(min) 
Linear range Linear regressiona R2 b LODc 

(µg/mL) 
LOQd 

(µg/mL) 

Gallic acid 3.42 3.91-125 y = 321.92x + 78.01 0.9998 0.13 0.43 

Caffeic acid 6.56 12.5-400 y = 747.05x + 83.33 0.9998 0.05 0.16 

Mauritianin 7.54 9.38-300 y = 84.015x + 28.11 0.9998 1.10 3.65 

Rutin 8.32 1.56-50.0 y = 143.53x + 15.18 0.9999 0.73 2.43 

Myricitrin 8.81 3.13-100 y = 101.10x + 66.65 0.9999 0.53 1.76 

Kaempferol rutinoside 9.78 1.56-50.0 y = 236.19x + 54.25 0.9998 0.28 0.93 

Quercetin 16.25 1.56-50.0 y = 659.28x + 87.33 0.9999 0.05 0.17 

Kaempferol 19.85 1.56-50.0 y = 456.72x + 56.83 0.9998 0.14 0.46 
ay, peak area at 254nm; x, concentration of the standard (µg/mL); b R2, correlation coefficient for 6 data points in the 
calibration curves (n=3); 

c 
LOD, limit of detection (S/N = 3); 

d
 LOQ, limit of quantification (S/N = 10). 

 
 

Tabel 2. Content of compounds in MeOH extract of C. papaya leaf and its BuOH and CHCl3 fractions (mg/g 
lyophillized extracts) 

Compounds MeOH extract BuOH fraction CHCl3 fraction 

Gallic acid 5.79 8.18 0.30 

Caffeic acid 0.40 3.33 - 

Mauritianin 7.23 123.18 - 

Rutin 0.98 14.50 - 

Myricitrin 0.80 9.79 - 

Kaempferol rutinoside 0.28 5.65 - 

Quercetin - 0.55 - 

Kaempferol - 0.19 - 

Total 15.48 165.37 0.30 

*Sign of (-) means that the referred compound was not able to be quantified (< LOQ) or not detected (< LOD) under 254 
nm of UV wavelength. 
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Figure 1. HPLC chromatogram of BuOH fraction. 

 
As shown in Table 2, MeOH extract and its derived fractions, CHCl3 and BuOH fractions, were 
analyzed using an HPLC system. BuOH fractions exhibited the highest content of eight analyzed 
compounds. Among the compounds mauritianin was the main compound both in MeOH extract 
and BuOH fraction.  The HPLC chromatogram of BuOH fraction is presented in Figure 2. As shown 
in the chromatogram, the peak area of mauritianin was also dominant among the identified 
compounds. All flavonoids are sensitive against 254 nm of UV wavelength. From the linear 
regressioin equation as shown in Table 2, mauritianin has relatively low value of A factor (slope 
or mutiplication factor of concentration). A compound with low value of A factor but large in 
peak area, means that it has high concentration comparing to others. Therefore, it can be 

suggested that mauritianin (kaempferol 3-O-[-L-rhamnopyranosyl (12)][-L-rhamnopyranosyl 

(16)]--D-glucopyranoside) is the main flavonoid of C. papaya leaf.    
 
CONCLUSION  
From the BuOH fraction obtained from MeOH extract of C. papaya leaves, eight compounds were 
isolated and identified using combination of several column chromatography techniques and 
instrumental analysis. Those eight compunds were gallic acid, caffeic acid, mauritianin, rutin, 
myricitrin, kaempferol rutinoside, quercetin, and kaempferol. The four flavonoid glycosides 
(mauritianin, rutin, myricitrin, kaempferol rutinoside) were isolated for the firs time from C. 

papaya. Quantification using an HPLC system showed that mauritianin (kaempferol 3-O-[-L-

rhamnopyranosyl (12)][-L-rhamnopyranosyl (16)]--D-glucopyranoside) has the highest 
content among the flavonoids in the MeOH extract (7.23 mg/g) or BuOH fraction (123.18 mg/g). 
It suggesting that mauritianin is the main flavonoid of C. papaya leaf. 
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ABSTRACT 
Metformin HCl is an anti-hyperglycemic agent used in the treatment of non-insulin dependent 
diabetes mellitus. It has been reported that oral bioavailability of metformin HCl is 50-60 % due 
to its selective absorption from upper part of gastrointestinal tract. It has biological half-life of 1.7 
hours, hence the development of floating drug delivery system is recommended in order to 
enhance the bioavailability. The aim of this study was to determine the optimum formula of 
metformin HCl floating tablet. The tablets were prepared by wet granulation technique, using 
HPMC K4M CR as hydrophilic polymer and sodium bicarbonate as a gas-generating agent. A 22 

factorial design was applied to optimize the formula of metformin HCl floating tablet. The 
amounts of HPMC K4M CR (X1) and sodium bicarbonate (X2) were selected as independent 
variables.The optimum formula was determined based on numeric method with floating lag time, 
total floating time, and the drug dissolution for 1, 3, 10 hours as independent variables. The 
optimum formula was shown by the greatest desirability value (0.672) with the compositions of 
179.38 mg HPMC K4M CR and 37.5 mg sodium bicarbonate.  
Key words: floating tablet of metformin HCl, HPMC K4M CR, sodium bicarbonate 
 
INTRODUCTION 
Floating drug delivery system is a technology which is developed to solve physiological problems 
such as unpredictable gastric emptying time and short gastric residence time. Floating tablet 
delivery system is expected to increase absorption and a better control of the fluctuation in 
plasma drug concentration (Siswanto, 2015). Metformin HCl is one of biguanides which is a 
widely used as antihyperglycemic drug. Usually, metformin has a half-life of about 2 hours, and is 
taken in three divided doses with meals per day. The characteristics of pharmacokinetics of 
metformin makes fluctuation of its plasma concentration very large and the compliance of 
patients for administration is poor. Therefore, it is very necessary to develop a novel sustained 
release preparation for metfomin, which can release its component gradually (Ananthakumar et 
al., 2013; Salve, 2011). It has been reported that oral bioavailability of metformin HCl is 50-60 % 
due to its selective absorption from upper part of gastrointestinal tract. It has biological half-life 
of 1.7 hours, hence the development of floating drug delivery system is recommended in order to 
enhance the bioavailability. 
Metformin HCl was formulated as floating tablet dosage form using effervescent system (sodium 
bicarbonate) in combination with hydrophilic matrix (HPMC K4M CR). HPMC K4M CR is 
hydroxypropyl methylcellulose, which is extensively used in the formulation of sustained release 
system because of its good properties as a gelling agent (Patel et al., 2007; Mamami et al., 2012). 
HPMC has low density and, thus, floating in water medium. Meanwhile, sodium bicarbonate 
produce carbon dioxide (CO2) when it reacts with acidic medium. The gas generated were 
trapped in the gellified hydrocolloid layer of the systems thus decreasing the density of tablet 
below 1 g/mL and making it to float over chyme (Patel et al., 2007; Dave et al., 2004; Manoj et al., 
2007). 
The aim of this study was to obtain the optimized floating tablet formulation of aspirin in 
combination with Methocel K4M CR and sodium bicarbonate, and Ethocel.  A factorial design was 
adopted to optimize the formulation variables.  
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MATERIALS AND METHODS 
Materials 
Metformin HCl was obtained from PT Zenith Indonesia, sodium bicarbonate was obtained from 
Tosoh Corporation (Tokyo, Japan), and HPMC K4M CR was obtained from Colorcon Asia Pvt. Ltd. 
Hydrochloric acid and sodium chloride (analytical grade) were purchased from Merck (Darmstadt, 
Germany). All other chemicals were used of pharmaceutical grade. 
Methods 
Factorial design 
A 22 was used in this study using Design Expert 7.1.5 software (State Ease, Inc., Minneapolis) as 
shown in table 1. In this design, 2 factors were evaluated, each at 2 levels; experimental trials 
were performed at all 4 run (table 1). The percentage of HPMC K4M CR (X1) and sodium 
bicarbonate (X2) were selected as independent variables. The flow rate of tablet mass, the 
floating lag time (Flag time), total floating time, and the drug dissolution for 1, 3, 10 hours were 
selected as independent variables. The resulting data were fitted into Design Expert 7.1.5 
sofware.  
 
Table 1. Tablet Formulations for Metformin HCl floating tablet 

Ingredients (mg) Run 1 Run 2 Run 3 Run 4 

Metformin HCl 500 500 500 500 

HPMC K4M CR 187.5 37.5 187.5 37.5 

Sodium bicarbonate 187.5 187.5 37.5 37.5 

PVP K30 21 21 21 21 

Magnesium  stearate 4 4 4 4 

Total weight 901 752 753 604 

 
Table 2. Amount of variables in a 2

2
 factorial design 

Coded values 
Actual values (mg) 

X1 X2 

-1 37.5 5 

+1 187.5 25 

 
Preparation of metformin HCl floating tablet 
Tablets were prepared by wet granulation method. The drug was mixed with all the ingredients 
except magnesium stearate and sodium bicarbonate. Required quantity of ethanolic PVP K30 was 
added as a granulating agent to make a coherent mass. The coherent mass was passed through 
sieve no 12 mesh and the granules were then dried in a oven at a temperature of 50°C for 90 
minutes. The dried granules were passed through sieve no 14 mesh, mixed with sodium 
bicarbonate and magnesium stearate in a cube mixer at 50 rpm for 2 minutes. The tablet 
compression process used single punch tablet machine.   
In-vitro buoyancy studies 
Tablet immersed in beaker containing 100 mL of simulated gastric fluid without pepsin (SGF, pH 
1.2). Time required for the tablet to rise to the surface and float was determined as floating lag 
time and the time extend of floating was recorded as total floating time (Patel, et al., 2007) 
In-vitro dissolution studies 
The in vitro dissolution study was determined using USP apparatus 2 (paddle method), 1000 mL 
simulated gastric fluid without pepsin (SGF, pH 1.2) as dissolution medium at 37 ± 0.2 °C and 100 
rpm (FDA, 2008). Aliquouts of 5 ml was taken out at intervals of 15, 30, 45, 60, 120, 180, 240, 
360, 480, and 600 minutes. Exactly 5 ml of fresh SGF was added to the dissolution vessel after 
each withdrawal to maintain a constant volume. The samples were analyzed by UV-Vis 
spectrophotometer at 232 nm.  
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RESULTS AND DISCUSSION 
In-vitro buoyancy studies 
Study revealed that all formulas meet the requirements of Flag time which is less than 180 s (Patel 
et al., 2007). Based on the equation (1), sodium bicarbona te (X1) effect of reducing the floating 
lag time. At the time of contact with the dissolution medium, effervescent reaction occurs 
between the sodium bicarbonate with the HCl in the simulated gastric fluid generate CO2. The 
greater the number of sodium bicarbonate, the CO2 gas produced will also be more and more so 
the lower the specific gravity of the tablet and the tablet will more quickly lead float in the 
medium. Meanwhile, total floating time varies according to the composition of the tablet 
excipients in a tablet. Tablets with HPMC K4M CR in high levels has a total floating time> 12 
hours. Equation (2) shows that the factor of HPMC K4M CR (X2) has positive effect increasing the 
total floating time. HPMC K4M CR is a hydrophilic matrix with a good gelling agent. At the time of 
contact with the dissolution medium, HPMC K4M CR swells to form a thick gel layer. This gel layer 
serves to maintain the integrity of the dosage form. Figure 1 shows that the greater the amount 
of HPMC K4M CR, the greater the total floating time. 
Table 3. Characteristics of metformin floating tablets 

Run 
formula 

Flag time (s) 
Mean±SD 
(n=3) 

Total floating 
time (h) 
(n=3) 

C60(%) 
Mean±SD 
(n=3) 

C180(%) 
Mean±SD 
(n=3) 

C600(%) 
Mean±SD 
(n=3) 

1 14.67±3.51 > 12 17.93±1.48 27.32±0.48 78.35±2.75 

2 12.67±2.08 1.50±0.50 71.14±4.08 77.08±3.70 78.83±9.35 

3 35.67±5.03 > 12 23.97±2.80 42.83±3.45 82.95±3.14 

4 21.00±7.00 1.25±39.69 78.10±2.23 82.91±2.17 84.80±2.05 

Flag time (s)  = 21.00 + 4.17 X1  – 7.33 X2 – 3.17 X1 X2    (1) 
Total floating time (h)  = 6.69 + 5.31 X1  + 0.063 X2 – 0.063 X1 X2  (2)  
 
In-vitro dissolution studies 
The dissolution profiles of metformin HCl floating tablet presented in Figure 2. The tablet of runs 
1 and 3 which contain high levels of HPMC K4M CR showed a slow dissolution profile. Meanwhile, 
the tablet of runs 2 and 4 showed the drug release soon because of the high sodium bicarbonate 
in the dosage form. Equation (3), (4) and (5) showed that sodium bicarbonate has dominant 
influence in increasing the release of metformin HCl. The coefficient of sodium bicarbonate in the 
equation indicates a negative value which is smaller than the coefficient of HPMC K4M CR. 
Sodium bicarbonate interaction with simulated gastric fluid medium (acidic) will generate CO2 gas 
trapped in the tablet matrix and have a tendency to come out so as to form pores in the tablet. 
Metformin HCl dissolution can occur through the pores in the tablet. Therefore, the greater the 
amount of sodium bicarbonate in tablet the more CO2 gas and pore were formed in the tablet so 
that the amount of dissolved metformin HCl were also greater (figure 3). 
C60 (%) = 47.79 – 26.84 X1 – 3.25 X2 + 0.23 X1 X2    (3) 
C180 (%) = 57.53 – 22.46 X1 – 5.33 X2 – 2.42 X1 X2    (4) 
C600 (%)  = 81.23 – 0.59 X1 – 2.64 X2 + 0.34 X1 X2     (5) 
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Figure 1. Contour plot for floating lag time and total floating time 

 

 
Figure 2. Dissolution profil of metformin HCl floating tablet (n=3) 
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Figure 3. Contour plot for C60, C180, and C600 

 
Determination of the optimum formula of floating tablet  
A 22 factorial design was constructed to study the effects of the amount of HPMC K4M CR and 
sodium bicarbonate on the characteristics of metformin HCl floating tablets. The optimum 
formula was determined based on floating lag time < 180 s, total floating time > 10 jam, C60 = 20-
40 %, C180 = 45-65 %, dan C600 > 80 %. Based on SLD optimization using numerical method in 
Design Expert 7.1.5 version, the optimum formula of metformin floating tablet was obtained with 
the composition of HPMC K4M CR and sodium bicarbonate.The optimum formula was shown by 
the greatest desirability value (0.621) in figure 4 with the compositions of 179.38 mg HPMC K4M 
CR and 37.5 mg sodium bicarbonate. 
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Figure 4. Superimposed of contour plot for optimum formula with the highest desirability of 0.621  

 
CONCLUSION 
The result of the equation from Flag time, total floating time, C60, C180, and C600 analysis using Design 
Expert 7.1.5 program showed that the optimum formula of metformin HCl floating tablet was 
179.38 mg HPMC K4M CR and 37.50 mg sodium bicarbonate.  
 
ACKNOWLEDGEMENT 
The research was supported by Hibah Bersaing Desentralisasi DIKTI 2015 from The Ministry of 
Education Council Republic of Indonesia. 
 
REFERENCES 
Ananthakumar, R., Raja, N., Mohan, P., Ruckmani, K., Design and Evaluation of Intragastric Buoyant Tablets of Metformin 

Hydrochloride. 2013. Int J Pharm Pharm Sci. Vol 5 Issue 3: 479-484 
Dave BS, Amin AF, Patel MM. Gastroretentive Drug Delivery System of Ranitidine Hydrochloride:Formulation and In Vitro 

Evaluation. AAPS PharmSciTech 2004;5(2):1-6. 
FDA, 2008. United States Pharmacopeia XXXII. United States Pharmacopoeial Convention. Inc, Rockville.  
Mamani PL, Ruiz-Caro R, Veiga MD. Matrix Tablets: The Effect of Hydroxypropyl Methylcellulose/Anhydrous Dibasic 

Calcium Phosphate Ratio on the Release Rate of a Water-Soluble Drug Through the Gastrointestinal Tract I. In Vitro 
Tests. AAPS PharmSciTech 2012; Vol. 13 No. 4:1073-1083. 

Manoj N, Gambhire,  Kshitij  W, Ambade, Sushma D, Kurmi, et al. Development and In Vitro Evaluation of an Oral Floating 
Matrix Tablet Formulation of Diltiazem Hydrochloride. AAPS PharmSciTech 2007;8(3):E1-E9. 

Patel DM,  Patel NM,  Pandya NN, Jogani PD. Gastroretentive Drug Delivery System of Carbamazepine: Formulation 
Optimization Using Simplex Lattice Design: A Technical Note. AAPS PharmSciTech 2007;8(1):E1:E5.  

Salve, P.S. Development and In Vitro Evaluation of Gas Generating Floating Tablets of Metformin Hydrochloride. Asian J. 
Res. Pharm. Sci. 2011. Vol. 1 Issue 4: 105-112 

Siswanto, A., 2015. 'Formulasi dan Uji Bioavailabilitas Tablet Floating Aspirin Menggunakan Methocel K4M CR, NaHCO3, 
dan Ethocel', Dissertation, Gadjah Mada of University, Yogyakarta.  

 

 
 
 
 
  

Design-Expert® Software

Desirability
Design Points
1

0

X1 = A: HPMC K4M CR
X2 = B: Sodium bicarbonate

37.50 75.00 112.50 150.00 187.50

37.50

75.00

112.50

150.00

187.50
Desirability

A: HPMC K4M CR

B
:
 
S

o
d

iu
m

 
b

ic
a

r
b

o
n

a
t
e

0.101

0.201
0.302

0.403

0.503

Prediction 0.621



 

Proceedings of International Conference on NAMES 2015 | Differentiation of Leukocyte Sheeps Fed by Fraction Katuk Leaf 
Ekstract (Sauropus Androgynus L. Merr) 

112 

 

Differentiation of Leukocyte Sheeps Fed by Fraction Katuk 

Leaf Ekstract (Sauropus Androgynus L. Merr) 
 
Hidayaturrahmah, Agik Suprayogi, Dewi Apri Astuti 
 
1Faculty of MIPA, Biology Course, University of Lambung Mangkurat  
2Faculty of Veterinary Medicine, Bogor Agricultural Institute  
3Faculty of Livestock, Bogor Agricultural Institute  
Telp. 081386147658 Email. rahmahidayahipb09@yahoo.com 
 
ABSTRACT 
Blood leukocyte differentiation is one parameter to determine the health status of the animals, 
because of the differentiation of blood leukocytes is a component that has an important function 
as the body's first defense when disease or foreign substances attack the body. Katuk is a 
medicinal plant that has several active substances that has been to health. This study aimed to 
determine the leukocyte differentiation from sheep given the leaf extract fraction of katuk. 
Complete randomized design (CRD) was used with 4 replications and 4 treatments fraction of 
katuk leaf extract. The treatments included control, ethanol crude extract (1500 mg / day of 
extract ETOH), delipidasi fraction (1230 mg / day FDL) and hexane fraction (270mg / day FH). 
Fractions of katuk leaf extract given to sheep in capsule form 2 times a day for 2 months. 
Leukocyte differentiation calculation performed after 2 months of treatment. The results showed 
that the value of leukocyte differentiation sheep after administration leaf extract fraction katuk 
namely lymphocytes, neutrophils, monocytes, eosinophil and the sequence were (41.5-46)%, 
(47.7-54,7)%, ( 1.5-2.7)%, (2.2-6)%. Leukocyte differentiation value in this research was still in the 
normal range sheep. This shows that the treatment of fraction katuk leaf extract does not 
interfere with physiological health status of sheep. 
 
Key words: leukocytes, katuk leaves, sheep 
 
INTRODUCTION 
The health of the cattle is one of the factors that affect the productivity of livestock, and the 
health of leukocytes. Leukocytes picture of an animal can be used as an indicator of the deviation 
function of the organ or infection infectious agents and foreign bodies as well as to support the 
clinical diagnosis (Frandson, 1992). Leukocyte function is to protect the body against germs that 
attack the body by phagocytes, produce antibodies (Junguera, 1997). Leukocyte differentiation 
consisting of lymphocytes, monocytes, basophils, neutrophils and eosinophil, that are blood 
components that serve as the body's defense system (Nordenson, 2002). An increase or decrease 
in the number of leukocytes in the blood circulation can be interpreted as the presence of agents 
of diseases, inflammation, autoimmune diseases or allergic reactions, it is necessary to note the 
normal description of leukocytes in each individual (Nordenson, 2002). 
Katuk (Sauropus androgynus) is a plant belonging to the family Euphorbiaceous. Katuk has 
several active compounds that may play a role in the body's metabolism, such as is the 
metabolism of carbohydrates, fatty acids and proteins. Katuk plant has been used by the 
community as a medicine plant families (TOGA), facilitating breastfeeding, food and decorative 
plants. In addition, in some studies katuk leaves can also be used as additional feed for broiler 
chickens and sheep. 
According Suprayogi (2000) katuk leaf content with hexane fraction contained the active 
compound of Octadecanoic acid (C18H36O2), 3, 4-Dimethyl-2-oxocyclopent-3-Enylacetic acid 
(C9H12O3). Bicyclo (2.2.2) octane-1-carboxyclic acid 4-methyl (C10H16O2). 8. Beta. H-Cedran-8-
ol (C15H26O). Tricyclol (8.6.0.0 (2.9)) hexadeca-5, 13-dien, cis-2, 9-cisoid-9, 10-tr (C16H24). 2 H- 
Inden-2-one, 1, 4, 5, 6, 7,7a-hexahydro-7a-methyl (S) - (C10H14O). 9, 12, 15 Octadecatrienoic 



 

Proceedings of International Conference on NAMES 2015 | Differentiation of Leukocyte Sheeps Fed by Fraction Katuk Leaf 
Ekstract (Sauropus Androgynus L. Merr) 

113 

 

acid, ethyl ester (210H34O2). D1-2-4-Hydroxy-3-methyl-2-cyclopent-1-one ester or D1 cistran 
(C10H16O2). The active compounds Octadecanoic acid serves as a precursor of eicosanoids and is 
involved in the biosynthesis of the compounds eicosanoids (prostaglandins, prostacyclin, 
thromboxane, lipoxines and leukotriene). The active compound may stimulate the production of 
erythropoietin so as to affect the formation of red blood cells (erythrocytes) (Guyton and Hall 
1997). 
This study uses a crude extract of ethanol (EtOH), the fraction delipidasi (FDL) and hexane 
fraction (FH) of the leaf katuk. Fractionation was conducted to separate grouping of active 
compounds, of compounds that are polar toward nonpolar compounds. EtOH crude extract and 
some fractions of the extract affect the body's metabolism. Based on this, the study aims to 
determine the effect of some fraction katuk leaf extract (Sauropus androgynous) to describe of 
the health status of the sheep with the measurement parameters leukocyte differentiation sheep 
(Ovis aries). 
Blood leukocyte differentiation is one parameter to determine the health status of the animals, 
because of the differentiation of blood leukocytes is a component which plays an important role 
in regulating the bodies physiological especially as a first defense when the disease is attacking 
(Dellman & Brown, 1989). 
 
MATERIALS AND METHODS 
Katuk leaves freshly are washed with clean water, then carried the sun to dry withered drying 
then grinded the ingredients until smooth. Extraction is done according to the procedures 
Suprayogi. Et al (2010), namely the dry milled katuk leaves as much as 2 kg are mixed with 
ethanol (EtOH) as much as + 13 liters. The mixture was stirred for 30 minutes and then allowed to 
stand for 24 hours. Once macerated filtering using a flannel cloth and filter paper, to obtain a 
solution of ethanol extract of leaves katuk (filtrate). The filtrate from the filtering is evaporated 
using a rotary-evaporator temperature 40 0C. Extraction is repeated several times until the color 
of the solvent is relatively clear solvent and the obtained crude extract ethanol. 
Separation of non-polar compounds by adding hexane crude extract is preceded by 20 g of 
ethanol dissolved in 500 ml of ethanol, then put into a glass separation (Separation flash) and add 
500 ml of hexane. Both solvent mixtures are done shuffling resulting in the separation of 
solubility. After a few minutes there is a separation solvent again, and then made expenditures to 
the two solvents to hold them in a separate erlenrneyer glass. Mixing and shaking is repeated 
until the hexane was clear. Evaporation is done on both the solvent, thus obtained ethanol 
extract fraction which has a free non-polar compounds called delipidation extract fraction (FDL) 
and hexane fraction (FH) or so-called lipid extract fractions. 
Each fraction extraction katuk leaves used in powdered form by adding malt dextrin. Powders of 
each fraction katuk leaf extract included in a capsule (capacity 500 mg). Preparation for sheep 
feed formulations include: forage / grass field (55%) and concentrate (45%) consisting of 10% rice 
bran, oil cake 28%, 5% fish meal, salt 1%, and 1% premix. Sheep were used as research is 
Priangan sheep ram in the future to grow as much as 16 tails. Age sheep used 5 months and 
weighs 15.61 + 1.5 kg. Where food and drink beforehand cleaned. Feeding concentrates and 
grass done adlibitum. 
The design used in this research is completely randomized design (CRD) with four kinds of 
treatments and four replications. Treatment capsule leaf extracts and fractions katuk in sheep 
given orally for 2 months. The leaf extract treatment katuk be rough EtOH extracts, fractions 
delipidasi (FDL) and hexane fraction (FH) as well as control. Based Suprayogi et al. 2009 size dose 
katuk leaf extract is obtained, namely: (1) the crude extract dose of ethanol (EtOH) was given 
1500 mg / day. 1 sheep get 4 capsules per day is 375 mg / capsule. (2) Dose Fraction extract 
delipidasi (FDL) was given 1230 mg / day. 1 sheep get 3 capsules per day is 410 mg / capsule. (3) 
Dose Fraction hexane extracts (FH) given 270 mg / day. 1 sheep get 3 capsules per day is 90 mg / 
capsule. (4) Control: placebo (empty capsule). EtOH extract dose is the total dose of the extract 
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fractions delipidasi (FDL) and hexane fraction (FH). The capsules were administered orally two 
times a day ie morning and afternoon. 
 
RESULTS 
Results showed that the leaf extract and the fractions extract katuk for 1 month showed no 
significant effect (P> 0.05) to the value of differentiation leucosis sheep. Leukocyte differentiation 
value in this research is still in the normal range sheep. According to Smith and Mangkoewidjojo 
(1988) leukocyte differentiation sheep namely lymphocytes, neutrophils, monocytes, eosinophil 
sequence are (50-75) %, (17.5 to 50)% (0-6)% (0-8)%. Based on previous research obtained by the 
total number of leukocytes sheep after administration katuk leaf extract is 8.45 ± 2.92 and 2.74 ± 
10:09 thousand / mm3. This shows that such treatment does not interfere with physiological 
status (health) sheep. 
 
Table 1. Leukocyte differentiation of sheep after being given the leaf extracts fraction katuk 

Treatment 
Leukocyte Differentiation (%) 

Lymphocytes Neutrophils Monocytes Eosinophil 

Control 40.50 ±16.94 47.00 ±17.78 3.00 ±1.41 9.50 ±9.75 

E. EtOH 43.75 ±10.01 47.75±10.56 2.50 ±1.00 6.00 ±1.63 

FDL 46.00±7.39 48.75 ±6.23 2.75 ±2.36 2.5 ±1.91 

FH 41.50 ±14.20 54.75 ±14.97 1.50 ±1.00 2.25 ±2.22 
Description: E. EtOH: Ethanol Extracts, FDL: Fraction Delipidation, FH: Hexane fraction 

 
DISCUSSION 
Lymphocytes 
Based on the observation table showed that the percentage of lymphocytes in the third 
treatment katuk leaf extracts and fractions were higher than the control value. The percentage of 
lymphocytes in the range of normal values ranging sheep is (50-75) % (Smith and 
Mangkoewidjojo, 1988), Based on the statistical analysis that has been done, the result that the 
percentage of lymphocytes sheep on the third leaf fractions treatment katuk is not significantly 
different from controls. 
Moyle and Cech (1988) reported that the antibody-producing lymphocyte functions as to face the 
disease disorder or foreign objects. The process of formation of lymphocytes called 
lymphopoiesis, the formation of lymphocytes derived from maturation LSC (Lymphoid Stem Cell) 
or stem cells, LSC will develop into lymphocytes-T (thymus) and lymphocytes-B (bone marrow) 
and then enter the peripheral circulation with time intervals varying depends on the nature of 
the cells and assembled at lymph or lymphatic tissue organs. 
The physiological condition of the body can affect the number of sheep lymphocytes, including 
genetic factors and environmental factors. Kusumawati (2003) states that the condition of the 
body's physiology is influenced by genetic factors and environmental factors, which include 
genetic factors and environmental factors is the nation is feeding. It is claimed that the leaf 
extract katuk toward sheep do not cause health problems in sheep. 
 
Monocytes 
The percentage of monocytes sheep on katuk leaf extract treatment was lower than controls, but 
the value is still within the normal range of monocytes sheep. Percentage range of normal values 
monocytes in sheep (0-6) %, (Smith and Mangkoewidjojo, 1988). Based on statistical analysis that 
has been done, the percentage of monocytes sheep after administration leaf extract fraction 
katuk is not significantly different from control. According Affandi & Tang (2002), Monocytes 
capable of penetrating the walls of capillaries, into the tissue and differentiate into macrophages. 
Monocytes can multiply rapidly in the area of inflammation as well as consuming the agent 
causing the infection. Condition in which increased monocyte called monocytosis. The main role 
of monocytes in the immune system, responds to signs of inflammation by moving quickly 
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(approximately 8-12 hours) to place infected, send macrophages to stimulate an immune 
response, and remove substances that affect the occurrence of chronic inflammatory process 
(Swesnson et al, 1993). 
 
Neutrophils 
Based on observations, it showed that the percentage of neutrophils after administration of the 
extract ethanol (EtOH) and Fraction Delipidasi (FDL) katuk leaves still within the range of normal 
values sheep. The percentage of neutrophils in the range of normal values sheep ranged between 
(17.5 to 50) % and Mangkoewidjojo Smith (1988) ,, the percentage of neutrophils in hexane 
fraction has a value that is slightly higher when compared to control values and normal values 
neutrophil sheep . 
The main role of neutrophils is a first line of defense against foreign substances, especially 
against infectious bacteria (gram-negative and gram-positive bacteria), in the event of acute 
bacterial infection, the bacteria will damage cells and cells to release chemotactic factor to the 
network. The chemotactic factors will attract neutrophils into the tissue through a process of 
diapedesis and neutrophils will be heading to the site of infection to phagocytosis (Duncan and 
Keith, 1977). After the neutrophils were phagocyte the foreign bodies will digest then undergo 
autolysis and release substances degradation results in lymphatic tissue. Lymph tissue will 
release histamine which stimulates the bone marrow neutrophil release that will increase 
production of neutrophils (Meyer et al. 1992). 
 
Eosinophils 
Percentage Eusinofil sheep on katuk leaf extract treatment was lower than controls, but the 
value is still within the range of normal eosinophil sheep. Percentage range of normal values 
eosinophil in sheep ((0-8)% and Mangkoewidjojo Smith (1988). Eosinophil play a role in parasitic 
infections and allergic response, which is associated with acute illness. Guyton (1997) suggests 
that the body's defense system, eosinophil responsible for fighting infections and parasites also 
control mechanisms associated with allergy. Moyes and Schute (2008) states that the function of 
eosinophil in the immune system against microorganisms and foreign matter in a way as 
chemical functions which are enzymatic. Type fraction katuk leaf extract did not affect the 
number of leukocytes such as lymphocyte differentiation of monocytes, neutrophils, and 
eosinophil this means there is no difference in conditions (difference against foreign bodies) on 
the sheep's body. Tizard (1982) suggest that monocytes into macrophages that have both the 
blood flow and tissue called the mononuclear phagocytic system. The system functions are 
destroying and processing of foreign material into the body so it can provide immune response 
 
CONCLUSION 
Leukocyte differentiation sheep after administration leaf extract fraction katuk namely 
lymphocytes, neutrophils, monocytes, eosinophil sequence are (41.5-46)%, (47.7-54,7)% (1.5-
2.7)%, (2.2-6)% . Leukocyte differentiation value in this research is still in the normal range lamb. 
This shows that the treatment fraction katuk leaf extract does not interfere with the physiological 
status of the health of sheep. 
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ABSTRACT 
Pain is one signal of tissue damage due to mechanical, chemical or physical stimulation. 
Analgesics are class of drugs used to treat pain. Generally analgesics side effect is peptic ulcer. 
Indonesian society, hereditary and traditionally, used natural products as a treatment. Plants 
produce secondary metabolites to overcome various diseases. Pharmacological effects on natural 
products are due to the synergism effect and polivalent activity. This paper aims to review the 
potential analgesic agents and action of mechanism of phytochemicals from Indonesia natural 
products for the further improvement of its utility in curing pain and maintaining good health. 
The review on this article using online and offline literature. Based on this, the pain can be 
overcome by using various natural products including Aloe Vera (Aloe vera), Papaya (Carica 
papaya), Noni (Morinda citrifolia), Ginger (Zingiber officinale), Bitter (Andrographis paniculata), 
Betel (Piper betle), and Turmeric (Curcuma domestica). In general, the mechanism of the plants 
to relieve the pain is by suppressing the expression of cyclo-oxygenase (COX-2). 
 
Key words: Analgesics, natural products, pain. 
 
INTRODUCTION 
Pain is sensory and emotional experience  hich is unpleasant that doesn’t related  ith the actual 
or potential tissue damage or circumstances which depicts the damage itself. Pain perception is 
supported by neuro-sensory system and afferent nerve lanes, which especially responding to 
potential harm (Ghosh et.al., 2011). Pain which caused by mechanic, chemical, or physic (calor, 
electricity) stimulus could rise the potential damage to the tissue (Nalamachu, 2013). It 
stimulates the release of certain substances called pain mediator such as histamine, bradykinin, 
leukotrien, and prostaglandin (Ghosh et al., 2011). All those pain mediator stimulate pain 
receptors which channel the stimulation to the brain through the nerves points which has many 
synapse through spinal cord, marrow advanced, and midbrain. From thalamus impulse stimulus 
then transferred to the pain center in the large brain, where the impulse is felt as pain. Analgesics 
are class of drugs used to treat pain. Generally analgesics side effect is peptic ulcer (Nalamachu, 
2013). 
Plants-based medication has become the tradition and culture in every ethnic in the world 
especially in Indonesia (Subbarayappa, 2001.; Sukenti et al, 2004). Plant contains many secondary 
metabolite which have the important value in pharmacology field and can be used to cure many 
diseases (Mans, 2013). Pharmacological effects on natural products due to the synergism effect 
and polivalent activity (Bone and Mills, 2013). Based on that, the pain can be cured by herbal 
medications. Plants produced secondary metabolites to overcome various diseases. This paper 
aims to review the potential analgesic agents and action mechanism of phytochemicals from 
Indonesia natural products for the further improvement of its utility in curing pain and 
maintaining good health 
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METHOD  
 
The review on this article using online and offline literature, where online literature were based 
on local or international journal publication which can be found on the internet ,while offline 
literature were based on book and e-book.  
 
RESULT AND DISCUSION 
Aloe Vera (Aloe vera) 
In Indonesia, aloe vera (Aloe vera) is well-kno n as “Lidah Buaya”. Aloe vera contains secondary 
metabolite such as flavonoids (Mariappan et al, 2012), tannin (Kumar et al., 2012; Raphael, 
2012), saponins, glycoside, alkaloid (Yebpella et al., 2013; Thu et al., 2013; Andriani 2011; Kumar 
et al., 2012) terpenoids, phlobatannin (Devaraj et al, 2011; Karpagam et al., 2012) and 
anthraquinone (Haque et al., 2012; Kumar et al., 2012). Kaur et al. (2012) stated that aloe vera 
extract which has a function as anti-arthritis is anthraquinone while Rajeswari et, al., (2012) 
stated that aloe vera contain of lupeol and salicylic acid which are the effective compounds as 
pain reliever.  
Ethanol and methanol extract from alove vera are proven to have activities that can relieve the 
pain. It has been proven through the in vitro study which shows that the extract, could 
potentially suppress the expression of cyclo-oxygenase (COX-2) (Shahraki et al., 2014), as one of 
the way the NSAID medicine works.  It has also been proven through in vivo where ethanol and 
methanol could significantly increase the analgesic effect when it is injected to rats (Cowan, 
2007). The analgesic activity is derived from the existence of  carboxypeptidase and bradikinase 
enzyme which function is to lessen or to relieve the pain. The reduction of pain happens when 
immune system is stimulated and blocked the biosynthesis prostaglandin (Shahraki et al., 2014) 
which is responsible for the occurrence of pain (Devaraj et al., 2011; Egesie et al., 2011). 
According to another research, 300mg/kg dose of aloe vera infusion is effective as analgesic for 
somatic pain and for internal body pain without any side effects for kidneys and liver (Ghosh et 
al., 2011).  
 
Papaya (Carica papaya) 
Papaya (Carica papaya) in Indonesia is  ell kno n as “Pepaya”. Papaya leaves contain vitamin E 
(Darma et al, 2013), glycoside, alkaloid, saponin, carposid, sucrose, dextrose, levulosa, papain 
enzyme, pseudocarpain (Hasimun et al., 2014), steroid, quinone, anthraquinone, (Owoyele et al., 
2008), tannin (Alex et al, 2013) and flavanoid (Imaga et al., 2010; Owoyele et al., 2008; Hasimun 
et al., 2014; Mahatriny et al, 2014). Papain and chymopapain are the strong component to be the 
active compounds  hich produce analgesic effect to the extract of papaya’s leaves (Hasimun et 
al., 2014; Owoyele et al., 2008).  
Papaya leaves has been proven to have analgesic activity (Amazu et al., 2010). It is caused by 
ethanol extract of papaya leaves contain of flavanoid which has been known could block 
inflammatory formation that causes the pain. Flavanoid blocks cyclooxygenase I (COX I) which 
has a role in prostaglandin biosynthesis as pain formation mediator, so that it will blocks the 
occurrence of pain (Alex et al., 2013; Afrianti et al, 2014; Owoyele et al., 2008; Octavianus et al, 
2014; Darma et al, 2013;Octavianus et al,2014;Hasimun et al., 2014; Lasarus et al, 2013). Papaya 
leaves also has papain enzyme which has analgesic activity (Afrianti et al, 2014).  
Methanol extract of Papaya seeds also had been proven could lessen the pain with possible 
mechanism which inhabiting pain mediator such as histamine, prostaglandin, and sitokin (Amazu 
et al., 2010; Anaga et al., 2010; Tamma et al., 2013). 
 
Noni (Morinda citrifolia)  
Indonesia called Noni (Morinda citrifolia)  as “Mengkudu”. Noni fruits contain 9    ater and 
other crucial substances such as glutamate acid, aspartat acid, isoleusin, fenol substances 
(scopoletin, proxeronine, xeronine, morindone rubiadin), anthraquinone (Blanco et al., 2006), 
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askorbat acid, pro-vitamin A (Singh., 2012), alkaloid, and terpenoid (Wang et al., 2002). There are 
also other substances in Noni which expected to have analgesic quality such as proxeronine and 
xeronine (Widasari et al., 2014).  
The extract of noni shows the significant analgesic effect when it was given to the mice. The 
administration     and 2   of noni’s juice to mice has increasing mice’s tolerance to the pain 
(Blanco et al., 2006). The extract of noni is expected to block histamine and prostaglandin 
receptors  hich are the receptors of pain. Noni’s ethanol extract has better analgesic effect than 
paracetamol to the mice (Blanco et al., 2006). Besides, it has been proven that 75% of aquades 
extract of noni’s roots, had the same potency as morphine. On that dose it doesn’t causes 
addiction effect, side effects (Wang et al., 2002), and toxic effects (Blanco et al., 2006). Younos et 
al (2009) research proved that the aquades extract of Noni’s seeds 8  mg/kg dose has shown a 
significant analgesic effects. 
 
Ginger (Zingiber officinale)  
The name of Ginger (Zingiber officinale)  is different from one to another place especially in 
Indonesia, it usually called as “Jahe”. The content of secondary metabolite on ginger rhi ome are 
alkaloid, flavanoid, saponin, tanin, terpenoid, steroid (Anosike et al., 2009; Tarigan et al, 2008), 
gingiberin (20,57%), beta seiqufelandrin (12,71%), kurkumin (11,27%), gingerol (4,46%) (Bhargava 
et al., 2012; Hasan et al., 2012), shogaol, paradol, gingerdione (Breemen et al., 2011). Gingerol 
and Shargaol are the compounds which responsible for analgesic activity on ginger rhizome 
(Mahluji et al., 2013). 
Ginger has been proven could inhibit prostaglandin biosynthesis which has the same mechanism 
as Non-Steroidal Anti-Inflammatory Drugs (NSAID) (Bhargava et al., 2012;  Raji et al, 2002; 
Haghighi et al, 2006). Based on the result of in vitro study, ginger rhizome and its main 
compounds such as gingerol and shargaol could block COX enzyme synthesis and pain mediator 
synthesis such as prostaglandin and leukotrin (Mahluji et al., 2013; Black et al., 2008; Haghighi et 
al, 2005; Anosike et al., 2009; Altman et al, 2001; Jenabi, 2013; Rahnama et al., 2012; Awed et 
al.,2013). Based on Breemen et al. (2011) research, it is listed from the one which has the highest 
effect on its content to block the COX-2 enzyme synthesis is paradol, shogaol, gingerol and 
gingerdione. Charlier et al., (2003) research has proved that ginger rhizome has an effect to 
several gene which encoding sitokin, kemokin and COX-2 enzyme.  
 
Bitter (Andrographis paniculata)  
“Sambiloto” is tage name of Bitter (Andrographis paniculata) in Indonesia. The active 
components in Bitter are flavonoid (Low et al., 2015), terpenoid (Warditiani et al, 2014), alkaloid, 
glycoside, steroid, tannin, saponin (Radha et al., 2011) dan lacton. Andrographolide is the main 
active component of this plants (Widyawati, 2007; Benoy et al, 2012). Androghapolide  which is 
being isolated from Bitter leaves is responsible to the analgesic activities of that plant (Warditiani 
et al, 2014). 
Andrographolide which is being isolated from extract Bitter leaves has been proven to have 
significant analgesic activity on 300mg/kg dose. Its mechanism is by reducing the expression 
proses of COX-2 (Jarukamjorn, 2008) and reducing the expression gene of COX-1 (Lim et al., 
2012), and also releasing the pain mediator histamine (Niranjan et al, 2010).  
 
Betel (Piper Betle)  
“Sirih” is the name of Betel (Piper Betle) in Indonesia. The compounds in Betel leaves are alkaloid, 
tanin (Pradhan et al., 2013), alipirokatekol, kavibetol, eugenol, dan safrol (Bhalerao et al., 2013). 
The active compound which responsible for analgesic activity of betel leaves is eugenol (Dwivedi 
& Tripathi, 2014; Bhalerao et al., 2013). 
The methanol extract of betel has been proven to have significant analgesic activities even 
though the result is not as good as narcotic analgesic (Alam et al., 2012), the analgesic activity is 
significantly shown that it could decrease the histamine production (Kumar et al., 2010; Dwivedi 
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and Tripathi, 2014), it is also shown that its mechanism works in the central of pain receptor 
which is in the center of nerve system (Datta et al., 2  4). Eugenol’s analgesic activities stated to 
have mechanisms as gene suppression and its function is to express  siklooksigenase-2 enzyme 
(COX-2) (Bhalerao et al., 2013). 
 
Turmeric ( Curcuma domestica) 
In Indonesia, turmeric (Curcuma domestica) is well-kno n as “Kunyit”. The compounds in 
turmeric rhizome are curcumin (Kapoor, 2012; Sundarananthavalli et al., 2011), flavanoid (Dewi 
et al, 2014), glikoside, phenol (Arutselvi et al., 2012), alkaloid, saponin, tannin (Hasan et al., 
2014), phlobatanin, antosianin (Sawant et al., 2013). The active components which responsible 
forturmeric analgesic activity is curcumin (Kapoor, 2012; Zanjani et al., 2014; Zhu et al., 2013; 
Han et al., 2012; Ikawati et al., 2014). 
The research done by Haider et al. (2013), found that curcumin gave significant analgesic effect 
when it was examined to the rats. Curcumin reported to work by suppressing siklooksigenase-2 
(COX-2) enzyme production which responsible for prostaglandin sinthesis process (Jung et al., 
2014), it even be said that curcumin can relieve the pain with the same mechanism as NSAID 
(Kapoor, 2012). The research done by Zanjani et al. (2014), curcumin has been proven to 
decrease siklooksigenase-2 (COX-2) level on mice. Curcumin has also been proven can lessen the 
pain in neuropathic disease by inhibiting CBP Histone acetyltransferase which function to 
regulate the expression of COX-2 on mice (Zhu et al., 2013). The research done by 
Sundarananthavalli et al. (2011), showed the significant analgesic activity was proven by Tail-flick 
method on albino rat. Turmeric leaves has also been proven could lessen the pain caused by 
chronic pain which occur in rheumatoid arthritis disease atau or cancer (Hasan et al., 2014) 
 
CONCLUSION 
Pain can be overcome by using natural products including Aloe Vera (Aloe vera), Papaya (Carica 
papaya), Noni (Morinda citrifolia), Ginger (Zingiber officinale), Bitter (Andrographis paniculata), 
Betel (Piper betle), and Turmeric (Curcuma domestica). The general mechanism of the plants to 
relieve the pain is by suppressing the expression of cyclo-oxygenase (COX-2). 
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ABSTRACT 
The development of process engineering and finding of plant-based new medicines are growing 
very fast. Pandanus conoideus Lam, an indigenous fruit plant in Irian Jaya, the eastern province of 
Indonesia is one of the well-kno n herbal plants. “Buah Merah” (Indonesian), meaning red fruit 
due to the bright red color of the main variety, is well known as a medicinal plant traditionally 
used as anti-cancer, antidiabetic, anti dislipidemia, anti-oxidant agent, etc., whose effects greatly 
depend on its total phenol, flavonoids, tocopherols, carotenoids, vitamins content, etc. Good-
quality herbal medicine should be a phyto-pharmaceutical product, which requires certain 
prerequisites to obtain standardized extract or powder form. Good extract quality normally 
involves a well dried raw material in order to minimize the enzymatic and hydrolytic reactions. In 
this study, the effect of predrying by Détente Instantanée Contrôlée (DIC) method is studied, as it 
opens up the plant cells’ pores, so that the vapori ation  ill be accelerated; and the thermal 
degradation will be reduced. Thirteen operating parameters of DIC have been studied. The 
results showed that maximum moisture content reduction for a drying time of 180 minutes, of 
DIC-15 (0.2 MPa steam pressure, 3 cycles of 20 seconds each) was of 94.58%, and of DIC-16 (0.25 
MPa, 4 cycles of 15 seconds, each) was 91.24%, which also produced 3.21% Catechin Equivalent 
(CE) and 6.44% Gallic Acid Equivalent (GAE), respectively. They were higher than those obtained 
from the conventionally-dried (CD) fruits without and after juice extraction which produced 
2.61% and 1.13% CE, and 4.58% and 2.57% GAE, respectively. DIC pretreatment was also able to 
enhance α-tocopherol extraction compared to those of CD red fruits (after juice extraction); and 
the DIC-19 (0.15 MPa, 2 cycles of 15 seconds, each) extract produced 0.33% α-tocopherol, 
although the yield of the CD fruit extract without juice extraction was 0.66%.  
Key words: Herbal medicine, Détente Instantanée Contrôlée (DIC), Instantaneous Controlled 
Pressure-Drop, Red Fruit, Predrying 
 
Abbreviation: DIC : Détente Instantanée Contrôlée; CE : Catechin Equivalent; GAE : Gallic Acid 
Equivalent; CD : conventionally-dried; TPC:  total phenol content, FC : Flavonoids Content, C1: 
oven dried after juice extraction,  C2: oven dried without juice extraction. 
 
INTRODUCTION 
In Indonesia, Buah Merah (meaning red fruit), is recognized as a bright red fruit, also well known 
as traditional medicinal herb mainly used as anti-cancer, anti-diabetic, anti dislipidemia, anti-
oxidant agent due to its total phenol content (TPC), flavonoids content (FC), tocopherols, 
carotenoids, vitamins, etc.  
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Figure 3.  Red Fruit (Pandanus conoideus Lam) is an indigenous plant in Irian Jaya, the eastern province of 
 Indonesia. 

 
Many factors can influence the activity of herbal medicine; such as the soil, weather, season, and 
initial pretreatment, drying process conditions (air temperature, relative humidity, and velocity), 
and extraction conditions. The process of drying needs to be well considered, because the 
difference in the method of drying can influence the quality of the simplicia. Drying process can 
be done naturally by exposing the materials to air under direct sunlight (Sun-drying) or shade 
until it reaches specific water content. To encourage uniform drying, the chopped materials must 
be stirred frequently, especially if it is in direct sunlight. Furthermore, to allow the drying process 
to be effective, the relative humidity of the ambient air must not be higher than 70%, hence the 
fruits must not be exposed at night. For the same reasons, this method should not be used in 
humid regions or during the rainy season. 
Drying is one of the oldest and most efficient methods for natural products preservation. The 
dynamics of drying process involves simultaneous heat and mass transfers. The elimination of 
water generates shrinkage and deformation of the final product. The shrinkage induces the 
increase of thermal conductivity, and thus of internal heat transfer, and the decrease of the 
porosity as well as the water diffusivity within the product. At this level, internal mass transfer 
becomes the limiting factor that considerably slows down the drying rate and consequently 
amplifies thermal degradation. Thus, two main stages in drying: during the first stage is highly 
active mass transfer. During the second stage, the very limited mass transfer is accompanied by 
various sorts of thermal degradation. Two-thirds of the drying time may be spent removing the 
last one-third of the moisture content in the final stage of drying.  
An economical and simultaneous solution for correcting the deformations, preventing thermal 
degradation and achieving a high level of cell  all’s disruption could be obtained by introducing a 
specific texturing treatment between the two drying phases. By using a perfectly controlled 
texturing way, the swell-drying process has been defined. The expanded high-porosity structure 
of dried product should improve also the extraction process. A well-controlled porous structure 
would considerably increase the mass transfer and accelerate the last phase of drying and 
extraction rate, and the yields (Sugisawa et al.,1985). During 1990's, a new process of texturing 
by auto-vaporization, Détente Instantanée Contrôlée - DIC (Instantaneous Controlled Pressure-
Drop) was defined and developed. This process allows various heat-sensitive biological products 
to expand, thus results in obtaining very good final quality products (shape, texture, color, flavor 
and nutritional content) (Allaf & Allaf, 2014). 
In the recent years, DIC has been used as a pre-treatment method before solvent extraction for 
isolation of bioactive molecules from biological products. The broken cell walls resulted from 
abrupt pressure drop enhances mass transfer and makes the target compounds more available. 
Kohar et al. (2011) also claimed that that DIC treatment at 0.19 MPa and 10.86 seconds on 
Eugenia Leaves gives the optimum yield in terms of TPC and FC (Kohar et al., 2010) 
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Figure 4. DIC Apparatus and Schematic of apparatus for past treatment by DIC: (1) Boiler. (2) Autoclave 
(stainless steel). (3) Pneumatic valve. (4) Vacuum container. (5) Vacuum pump.(6) Extract container. 

 
MATERIALS AND METHODS 
Study Area 
In this study another perspective in drying Red Fruit (Pandanus conoideus Lam.) from Papua (the 
mountainside of Klamono – Kabupaten Sorong) is conducted.  
Sub-procedures-1 Study of DIC parameters of steam pressure and treatment time, and the 
number of cycles 
An initial stage of preliminary trials was carried out through a 2-parameter design of experiment. 
In this step, experiments were performed in order to identify the experimental parameters and 
their effective ranges. This stage was also coupled to the literature before optimizing the DIC 
operating parameters with number of cycles identified from studies of Prof. K. Allaf (La Rochelle, 
France). He suggested using cycles ranged between 7 and 9 cycles, for the material containing 
essential oil and material containing non-volatile active compounds, respectively.  
In this experiment the DIC parameters and cycle are optimized based on constant extraction 
conditions, which are using 80% ethanol as the solvent, at 80 oC and for 3 h. This condition is 
based on the previous experiment in the optimization of the extraction conditions of Eugenia 
Polyantha Folium (Kohar et al, 2011). The results will be compared to the conventional drying. 
Table 1 presents the values of DIC operating parameters (Saturated steam pressure, total thermal 

treatment time, and the number of cycles) used for optimizing DIC conditions. 
Sub-procedure-2 Preparation of Red Fruit 
The red fruit was washed, the seeds were removed from the pith, and it was weighed 200 g in 
each plastic bag. The red fruit juice was taken with approximately 300 ml of 80% ethanol, then 
the fruit was dried by an oven (40 ºC) until it reached 30% of moisture content (Moisture Content 
Balance apparatus (Mettler Toledo HB-43). The pieces of red fruit were picked randomly. The 
piece of red fruit (approximately 0.5-0.6 gram) was inserted into Moisture Content Balance 
apparatus to determine the moisture content. 
As the Red Fruit is easily over ripe (rotten), it is treated with DIC after an oven-drying period 
(40oC) till water content of 30%. Then an amount of 200 g of pre-dried red fruit was inserted into 
DIC apparatus. The DIC operating parameters (pressure and temperature, and cycles) are given in 
Table 1. 
The DIC processed fruits were then to be oven dried at 40oC until the water content was around 
4-5%. 
As comparators, two groups of the red fruit (200 grams each) were dried directly by an oven at 
40°C as non-DIC groups. The first group was red fruit without juice extraction (C2) and the second 
one was red fruit after juice extraction (C1). The dried Red fruit was ground to mesh 40/50.  

 
Sub-procedure-3: Extraction of Red Fruit 
Extraction was performed by dynamic maceration, and stirring at certain time. The operation was 
carried out by adding to 300 ml of solvent (ethanol (80%) or hexane) 10 g of Red Fruit Powder in 
a beaker glass, at certain temperature. The extract was obtained after 180 min, filtered and 
analysed.  
 
Sub-procedure-4: Determination of Total phenol Content  
The total phenol content TPC was determined by using a modified Folin-Ciocalteu method 
according to Shofian et al.(2011) and, therefore, determination of maximum  avelength (λmax) 
and the stabilization time are required. Gallic acid standard was weighed 50.0 mg, filtered with 
Whatman n° 41 filter paper into a volumetric flask, and then added to 50.0 mL. The working 
standard solutions were prepared by pipetting the stock solution (0.150 mL and 0.250 mL, 
respectively). Each of the pipetted stock solution was mixed with 0.5 mL Folin-Ciocalteu reagent 
(Merck KGaA, Darmstadt, Germany). After 3 min, 10 mL of 7% Na2CO3 solution was added to the 
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mixture and the volume was adjusted to 50.0 mL. The mixture was incubated in the dark for 30 
min before its absorbance  as measured. The λmax was determined by measuring the absorbance 
in wavelength range between 400-1000 nm against blank. Maximum wavelength was found to be 
701nm 
Three to 10 ppm of working standard solutions were prepared, to make a calibration curve of 
Gallic acid. It was achieved by means of Folin-Ciocalteu method as above, and the absorbance 
was plotted against the concentration of the working standards. 
Preparation of samples: the extract’s bulk  as  eighed accurately. A mixture of 5 mL 8   
ethanol and 15 mL demineralized water was introduced to the bulk, and then the ultrasonic bath 
was used in order to homogenize the mixture. The ultrasonication is causing fragmentation of the 
particles, so the surface area is increased resulting in quicker diffusion of solute from the solid 
phase to the extraction solvent (Ghafoor & Chooi, 2009). 
The mixture was filtered through Whatman no.41 filter paper and then water was added to the 
mark. The solution was pipetted (4.0 mL) and introduced to another volumetric flask. Folin-
Ciocalteu reagent was added, left for 3 mins and the 7% Na2CO3 solution was added. The 
absorbance was measured at 701nm against blank after incubated in the dark for 30 min. Each 
absorbance’s measurements  ere triplicated. Results  ere expressed as    /  GAE. The results 
are shown in table 1. 
 
Sub-procedure-5: Determination of Flavonoid Content 
Determination of maximum wave length was conducted on several concentrations of catechin 
mono hydrate solution by spectrophotometer, and was found to be 510 nm. The standard 
solutions were made by accurately weighing catechin monohydrate (Sigma Aldrich Co., Inc., St. 

Louis, USA, 50 mg), dissolved in water with the aids of several drops of ethanol 96% to make 500 

ppm solution, and filter through a Whatman n° 41 Filter Paper. Then15 to 40 ppm of working 
standard solutions were prepared to make a calibration curve of cathechin monohydrate. To 
each working standard solution, 0.3 ml 5% sodium nitrite  was added, after 5 minutes 0.3 ml 10% 
Aluminium chloride (Merck KGaA, Darmstadt, Germany),  was added, (yellow color will appear) 
and at the 6th minute 2.0 ml of sodium hydroxide solution (Merck KGaA, Darmstadt, Germany,1 
M) was added (light violet color will appear), then demineralized water was introduced to the 
mark, and the absorbances were determined at 510 nm in the UV – Vis spectrophotometer, to 
make a calibration curve. Preparation of sample solution using 5,0 ml filtrate of red fruit extract 
was carried out as above. The results are shown in table 1 below. 
 
Sub-procedure-6: Determination of Tocopherol Content 
Determination of maximum  ave length  as conducted on several concentrations of α-
tocopherol solution by spectrophotometer and the maximum wave length in n-hexane was found 
to be 297 nm . 
To make the standard solution: to 5  mg of accurately  eighed α-tocopherol was added 5 ml of 
ethanol 96%, then it was dissolved in hexane (100 ml) in a 100.0 ml volumetric flask, to make 500 
ppm solution, which was filtered through a Whatman no 41 Filter Paper. Five to 25 ppm of 
working standard solutions were prepared and the absorbance was determined in the UV – Vis 
spectrophotometer at 297 nm, to be plotted versus the working standard solution 
concentrations. 
Determination of Tocopherol Concentration was conducted by Harborne method (Jamil et 
al.,2006) by means of UV - Vis Spectrophotometer at the wavelength of 297 nm. Preparation of 
sample solution was carried out by accurately weigh the bulk extract and then extract it in 
hexane, and was filtered; the filtrate was run in a UV spectrophotometer. Calculation was carried 
out by determining the standard curve (Association of Tropical Medicinal Plants (Japan) (2007). 
The results can be seen in table 1. 
All the data, were analyzed by one-  with the aids of 
Minitabs programme. 
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RESULTS 
Result 1. The Results of Red Fruit’s Moisture Content 
The results of drying kinetics showed that the sample which had the highest moisture content 
reduction in 180 mins was DIC-15 (0.2 MPa, 3 cycles of 20 s, each), followed by DIC-16 (0.25 MPa, 
4 cycles of 15 s, each,) and DIC-1 (0.2 MPa, 5 cycles of 20 s, each) with 94.58%,91.24%,and 
90.01% as moisture content reduction, respectively. This could be due to the high pressure of 
these DIC treatments (0.2 to 0.25 MPa) with more than 2 cycles; so red fruit got a texture so 
porous that it reduced the last stage of drying time.  
Result 2. Analysis of The Results of Catechin Monohydrate, Gallic Acid and -Tocopherol 
Standard Curves 
Standard calibration curves were determined for the various components of Catechin 
Monohydrate, Gallic Ac  

 
Figure 5. Standard Curves of Gallic Acid, Catechin, and -Tocopherol 
Table 1. DIC Parameters, Flavonoid, Total Phenol and α-Tocopherol Contents in Red Fruit Extract.  

Run Order 
Pressure 
(A) 

Time (B) 
Cycle 
(C) 

FC in Extract (% 
w/w) 

TPC in Extract 
(%w/w) 

α-Tocopherol 
Content in 
extract (% 
w/w ) 

DIC 1 0.2 20 5 2.06 3.15 0.21 

DIC 2, 4, 7, 
11, 15, 18 

0.2 20 3 1.54±0.25 3.11±0.24 0.165±0.0089 

DIC 3 0.15 15 4 2.11 4.51 0.15 

DIC 5 0.25 25 4 2.32 3.87 0.20 

DIC 6 0.12 20 3 1.45 2.55 0.17 

DIC 8 0.2 12 3 1.25 2.56 0.17 

DIC 9 0.12 25 4 1.85 3.80 0.16 

DIC 10 0.25 15 2 1.71 3.32 0.19 

DIC 12 0.25 25 2 2.11 4.23 0.16 

DIC 13 0.15 25 2 2.5 5.00 0.15 

DIC 14 0.2 15 3 1.97 4.82 0.11 

DIC 16 0.25 15 4 3.21 6.44 0.20 

DIC 17 0.25 12 3 1.8 3.72 0.20 

DIC 19 0.12 15 2 1.32 3.27 0.33 
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DIC 20 0.2 20 1 0.77 1.69 0.25 

C1 / / / 1.13 2.27 0.18 

C2 / / / 2.61 4.58 0.66 

   Note: C1 (oven dried after juice extraction), and C2 (oven dried without juice extraction) 

 
Result 3. Data Analysis of Flavonoids Content as the Response 
Minitab Output 1. One Way Anova: Flavonoids Content vs DIC Run Order 

             
Result 4. Data Analysis of TPC as the Response  
The grouping by using Tukey Method in Output no 2 showed nine groups, noted as group A to I.  
 
 
Minitab Output 2. Tukey’s Grouping of TPC vs Run Order 

 
 
Result 5. Data Analysis of -Tocopherol as the Response 

 
  

DIC Run 

Order    N    Mean   Grouping 

16       3  6.4400      A 

13       3  5.0133      B 

14       3  4.8233      B C 

3        3  4.5300      C D 

12       3  4.2267      D E 

 5       3  3.9100      E F 

 9       3  3.8067        F 

17       3  3.7167        F 

10       3  3.3333        G 

19       3  3.2800        G 

 1       3  3.1900        G 

 R       3  3.1200        G  

 8       3  2.5667        H 

 6       3  2.5467        H 

20       3  1.7100        I 

 

 

DIC Run 

Order     N     Mean          Grouping 

16         3   3.2067   A  

13        3   2.5000      B 

 5        3   2.3233      B C 

 3       3  2.1100        C D 

12        3   2.1067        C D 

 1        3   2.0600        C D 

14        3   1.9667             D E 

 9        3   1.8467             D E 

17       3   1.7967          D E 

10        3   1.7067                  E F 

 6        3   1.4500                             F G 

 R       5   1.4400                     F G 

19                3   1.3233                G 

 8                 3   1.2533                                G   

20               3   0.7667              H       

  

 

DIC 2,4,7,11,15,18 were a set of 

treatment’s replication, therefore 

the average value was used, and 

depicted as R, however, DIC 11 has 

an extremely high result, so it was 

rejected and the N appear as 5 on 

the minitab output. 

DIC 2,4,7,  , 5, 8  ere a set of treatment’s 

replication, therefore the average value was used, 

and depicted as R. 

Means that do not share a letter are significantly 

different. 

 

DIC Run Order    N     Mean  Grouping 

16      3  3.2067  A 

C2      3 2.6100 B 

C1      3        1.1267

 C 

 

Parameter 16 vs C1 and C2 

 

DIC Run Order     N     Mean          Grouping 

16         3   6.4400   A 

C2 3 4.5867  B 

C1               3        2.2633  C

                  Parameter 

16 vs C1 and C2 
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Minitab Output 3. α-tocopherol Profile of Red Fruit Extracts using one-way ANOVA 

 
 
DISCUSSION. 
The lowest moisture content reduction in 180 min (65%) was obtained in fruit without juice 
extraction, 80.02% in fruit after juice extraction (without DIC assisted). After taking the red fruit 
juice, the reduction of moisture content became more rapid. This means that the juice which 
containing oily components could inhibit the dehydration process. 
 
The extraction by dynamic maceration method was made by stirring at 120 rpm, 80 °C and for 3 
h. Stirring during dynamic maceration has the advantage to achieve the external equilibrium 
concentration faster, and in the present case of red fruit, extraction temperature of 80 °C was 
applied based on the optimum conditions defined by Kohar, et al, (2011) and Xu et al (2004) for 
flavonoid extraction.  
The results of the flavonoid contents in ethanolic extract from the red fruit that has been given 
various treatments of DIC (20 parameters) and oven drying, were analyzed using one-way ANOVA 
statistical method (α    . 5) by means of MINITAB program. Pressure, time, and cycle are 
included as the factors (independent variables) and flavonoid content as the response 
(dependent variable), so the performance specifically due to DIC-treatment can be observed.  
The parameter with the highest result in FC was DIC16 (0.25 MPa, 4 cycles of 15 s, each), yielding 
3.21% CE about three times more than the similar sample without DIC treatment (C1), which 
yielding 1.13% CE. The results correlate the drying kinetics, where the highest moisture content 
reduction in 180 min was given by DIC16 (91.24%) and the lowest value (52.82%) by DIC20 which 
produced 0.77% CE. It proved that this DIC product has more expanded and porous structure 
than the ones issued from classical drying. This allows the product to achieve a greater specific 
surface area, a higher diffusivity and it improves the availability of some of its compounds 
(Mounier et al., 2012, Amor& Allaf, 2009). 
 
The analysis of TPC showed that% GAE in ethanolic extract found inDIC-16 pre-treated red fruit, 
C1, and C2 were significantly different. The highest %TPC in ethanolic extract of red fruit was 
found in DIC-16 pre-treated red fruit. In comparison to non-DIC-treated material which is rather 
compact and homogeneous, the internal structure of DIC-treated material is substantially 
destroyed by the bursting moisture evaporation from the material during the DIC treatment 
(Djamil et al., 2006). This implicated that by applying DIC process as a pre-treatment, the red fruit 
porosity was enhanced as well as the specific surface area; and the diffusion resistance of 
moisture during dehydration step was reduced (Setyopratomo et al., 2009). The DIC process 
could also enhance the extraction of solute to the extraction solvent. Both the results of 
Flavonoids and Total Phenol Contents showed congruent results, with both C2 groups showed 
better yields in terms of TPC and FC, because it still contained the red juice with all its nutritious 
components. 

DIC order   N   Mean        Grouping   

19       3   0.33        A 

20      3    0.25        B 

 1      3    9.21           C 

17      3    0.20       C D 

 5      3    0.20           C D E 

16       3   0.20        C D E 

10      3  0.19       C D E F 

 6      3    0.17           D E F G 

 8      3    0.17           E F G 

21      3 0.16       F G 

12      3    0.16        F G 

 9      3    0.16        G H 

 3     3   0.15        G H 

13      3    0.15        G H 

14       3   0.11          H 

 

              

DIC run order  N    Mean   Grouping 

19      3    0.33     B 

C1      3    0.18     C 

C2      3    0.66     A 

 

Parameter 19 vs C1 and C2 
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The statistic result of tocopherol content showed that several results of DIC parameters were 
significantly different in its tocopherol content. DIC order no 19 (1.5 bars, 2 cycles and 15 
seconds each) has the highest content o f tocopherol (0.33%), while DIC order 14 (2.8 bars, 3 
cycles, 20 seconds each) has the lowest content compared to those in the other parameters. 
From the data of moisture content reduction, although the moisture content of DIC-14 red fruit 
was decreasing more rapidly compared to DIC-19, the DIC-19 contains more tocopherol, 
because of the exposure of the red fruit to the high temperature (high steam pressure). Although 
it can help the red fruit to swell, the excessive heat itself can damage the tocopherol content of 
the red fruit and cause degradation of tocopherol. This was supported by the United States 
Material Data Sheet, which stated that tocopherol is sensitive to air and light; and must be kept 
away from excessive heat and light.  
The result indicated that DIC-19 yielded more tocopherol compared to non-DIC group C1, while 
the C2 group showed the highest result of tocopherol, because the red juice itself still contain 
the main part of tocopherol content. It also showed that Tocopherols was subject to high 
temperature, as could be seen that the highest yield of Tocopherol was at lower pressure, time 
and cycle, which mean that it was expose to lower temperature and shorter time of exposure. 
 
CONCLUSION. 
The study of "The Influence of Détente Instantanée Contrôlée (DIC) based on TPC and FC in Red 
Fruit (Pandanus conoideus Lam) Extraction, DIC as texturing pretreatment was able to enhance 
the extraction of TPC and FC in red fruit compared to non-DIC groups (oven dried samples) and 
also the drying kinetics. The best DIC treatment is DIC-16. The treatment of DIC was also able to 
enhance tocopherol extraction from the red fruits compared to oven drying (C1).The best 
parameter was DIC-19. 
After the optimized parameter and the cycle of the DIC were obtained, the experiment is 
continued to optimize the extraction conditions (temperature, time of extraction and % ethanol 
in the extraction solvent) as the next study. 
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ABSTRACT 
Hypertension is a chronic disease that requires a huge cost for treatment. Cost-effectiveness 
analysis is an analysis that can be used to measure and compare the costs that have a significant 
difference of an alternative intervention. The purpose of this study was to describe the 
effectiveness difference of the treatment of patients whom used an oral antihypertensive  
combination drugs as well as analyzed the oral antihypertensive combinations that provide the 
best cost effectiveness for the patient. This research is a non-experimental research with 
analytically data processing and retrospective data collection methods. The research sample 
were 349 medical records of stage 1 hypertension non-insurance outpatient at Banjarmasin Ulin 
Hospital Local Public Service Agency whom used combination of oral antihypertensive. The 
results indicated that the antihypertensive combination has the biggest effectiveness was 
combination of ACEI with BB with a percentage of 87.50% from 16 patients compared with other 
8 combinations used by patients such as diuretic with ARB (65,79%) from 38 patients, ACEI with 
diuretic (65,12%) from 43 patients, BB with ARB (54,55%) from 22 patients, ACEI with CCB 
(52,68%) from 112 patients, BB with diuretic (50,00%) from 4 patients, BB with CCB (45,00%) 
from 20 patients, diuretic with CCB (41,67%) from 12 patients and ARB with CCB (41,67%) from 
82 patients. While the combination that gave the best cost-effectiveness is combination of ACEI 
with a diuretic with ACER value of Rp. 3137.92. 
Key words: 2 Drugs Combination, Antihypertensive, Cost-Effectiveness Analysis, Stage 1 
Hypertension. 
Abbreviations : ACEI (Angiotensin Converting Enzyme Inhibitor), ARB (Angiotensin II Receptor 
Blocker), BB (Beta Blocker), CCB (Calcium Channel Blocker), ACER (Average Cost-effectiveness 
Ratio) 
 
INTRODUCTION 
Hypertension is a condition when blood pressure is chronically elevated in vessels. This may 
occur because the heart works harder to pump blood to meet the body's need for oxygen and 
nutrients. If left unchecked, this disease may impair the function of other organs, especially the 
vital organs like the heart and kidneys. Hypertension criteria used in the determination of cases 
referred to the criteria for the diagnosis of the Joint National Committee (JNC) VII (2003), the 
results of measurements of systolic blood pressure ≥ 4  mmHg or diastolic blood pressure ≥9  
mmHg. Hypertension is a chronic disease that requires a huge cost for its treatment. In the USA 
(2003) annual costs totaled $ 50.3 billion, comprising $ 37.2 billion cost of direct treatment (cost 
of antihypertensive $ 17.8 billion) and $ 13.1 billion indirect costs include $ 7 billion and $ 6.1 
billion in costs due to lost productivity due to illness and pass away (Elliott, 2003). These costs are 
expected to be lower than the true value because of the morbidity and mortality of 
cardiovascular disease caused by hypertension is often not reported. The annual cost for 
cardiovascular disease from the American Heart Association $ 351.8 billion consists of direct 
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costs related to therapy $ 209.3 billion and $ 142.5 billion in indirect costs (Esposti et al., 2004). 
Pharmacoeconomics analysis conducted to determine the interventions or treatments that 
provide the best cost-effectiveness of these interventions which provide the same output at 
minimum costs (Andayani, 2013). The pharmacoeconomics analysis for stage 1 hypertension 
have to be done in Banjarmasin Ulin Hospital because the number of hypertension in Indonesia 
Especially South Kalimantan rises every year. 
 
MATERIALS AND METHODS 
Study area 
This research is a non-experimental and using analytical data processing method with the 
patient's perspective. Data were collected retrospectively from medical records of adults 349 
stage 1 hypertension outpatient in Banjarmasin Ulin hospitals period of 2013 whom used 
combination of 2 oral antihypertensive and the medicine’s price list in the Pharmacy unit of 
Banjarmasin Ulin Hospital. The effectiveness of antihypertensive measured by counting the 
number of patients who reached the blood pressure target of <140/90 mmHg, after therapy. 
Cost-effectiveness measured based on the Average Cost-Effectiveness Ratio (ACER). 
 
Data analysis 
The collected data then processed descriptive analyticaly which includes: 
1. Demographic Research Subjects 
Patient characteristics include an overview of distribution by gender, age, and blood pressure of 
the patient. 
2. Description Of Therapy 
Data analysis performed by summarizing the distribution of drugs based on the use of 
antihypertensive combinations drug therapy and see its effectiveness. 
3. Calculation of Direct Medical Costs 
Calculation of total direct medical costs each month which includes hypertensive drug costs, non-
hypertensive drug costs, the cost of a doctor's examination and administrative costs. The total 
direct medical costs incurred each month obtained by summing the average total cost of a drug 
with an average sum of the total cost of the examination and consulting a doctor, general and 
administrative expenses of the outpatients. 
4. Assessment of Therapy Effectiveness 
The effectiveness of antihypertensive combination therapy can be seen from patient’s blood 
pressure reaching the target of <140/90 mmHg (Chobanian et al., 2003). The percentage of 
achieved blood pressure target calculated from the amount of blood pressure data of patients 
who achieved the target divided by the total blood pressure data. 

                                           

                                                
        

5. Calculation of Cost Effectiveness 
Cost-effectiveness analyzed using Average Cost Effectiveness Ratio (ACER) method. Cost-
effectiveness by ACER calculated based on the calculation of the total direct medical costs 
divided by the effectiveness of therapy. 
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RESULTS 
This study aims to explain differences in the effectiveness of combination antihypertensive drug 
combinations and analyze which one gives the best cost-effectiveness for outpatients with stage 
1 hypertension in Banjarmasin Ulin Hospital during period of 2013. This study was non-
experimental and analytical data processing with the patient's perspective. Data for the 
evaluation of the effectiveness of the treatment was obtained from medical records, among 
others, blood pressure, and drugs used by the patient, while the data for the evaluation of costs 
derived from the price list of drugs obtained from pharmacy unit of Ulin Hospital Banjarmasin. 
Population of hypertensive outpatients in Ulin Hospital Banjarmasin during 2013 were 2,413 
patients. 
Overview of Research subjects 
Data distribution of the patients are shown in Table 1. Based on the research, the majority of 
stage 1 hypertensive patients aged over 60 years (36.96%) both in man patients and woman 
patients. 
 
Table 1. Stage 1 Hypertension Patient Distribution. 
 

Patient amount Percentage (%) 

Man 4 2,65 

30-35 Years 7 4,64 

36-41 Years 22 14,57 

42-47 Years 35 23,18 

48-53 Years 28 18,54 

>60 Years 55 36,96 

Total 151 100 

Woman 8 4,04 

30-35 Years 5 2,53 

36-41 Years 32 16,16 

42-47 Years 40 20,20 

48-53 Years 49 19,70 

>60 Years 74 37,37 

Total 198 100 

Overview of Treatment 
Medical records of 349 stage 1 hypertension patients showed there are 9 kinds of combination of 
oral antihypertensive treatment consisting of 5 main antihypertensive classes (Table 2). 
 
Table 2. Overview of Stage 1 Hypertension Patients Treatment. 

Combination Patients (n=349) 
Achieved Blood 
Pressure Target 

Percentage (%) 
Effectiveness 
(%) 

ACEI + CCB 112 59 32,09 54,55 

ARB + CCB 82 34 23,50 41,46 

ACEI + Diuretic 43 28 12,32 65,12 

Diuretic + ARB 38 25 10,89 65,79 

BB + ARB 22 12 6,30 54,55 

BB + CCB 20 9 5,73 45,00 

ACEI + BB 16 14 4,58 87,50 

Diuretic + CCB 12 5 3,44 41,67 

BB + Diuretic 4 2 1,15 50,00 
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Total Cost 
The total cost is the patients average cost each 2 months comprise the cost of anti-

hypertensive drugs, the cost of non-hypertensive drug and the cost of the doctor's examination. 
The total cost is the average sum cost of expenses mentioned above (Table 3). 
Table 3. Overview of Total Direct Medical Cost of Hypertension Patients Every 2 Months. 
 

Combination 
Antihypertensive 
Cost 

Non-
Antihypertensive 
Cost 

Doctor’s 
Examination 

Total Cost 

BB + ARB 625.659,55 64.431,82 50.000 740.091,36 

ACEI + CCB 533.140,18 137.505,75 50.000 724.937,54 

ARB + CCB 543.758,05 69.086,34 50.000 656.982,68 

BB+ CCB 372.075,00 70.530,00 50.000 492.605,00 

Diuretic + CCB 335.070,00 100.203,75 50.000 485.273,75 

Diuretic + ARB 359.851,58 55.005,79 50.000 464.857,37 

ACEI + BB 341.351,25 66.858,75 50.000 458.210,00 

BB + Diuretic 253.507,50 79.815,75 50.000 383.322,50 

ACEI + Diuretic 127.832,09 26.497,67 50.000 204.329,77 

Note : all cost are in Rupiah 
Cost-Effectiveness 

Cost-effectiveness analysis conducted through the patient’s perspective,  here the outcomes 
measured  ere patient’s  hom reached blood pressure therapeutic targets. Cost-effectiveness 
analysis calculated in the form of the ACER (Average Cost Effectiveness Ratio) obtained by 
comparing the average cost per month (cost) of various combinations of treatment with the 
efficacy of the treatment combination to achieve the desired blood pressure. (Table 4). 
Table 4. Overview of Total Direct Medical Cost of Hypertension Patients Every 2 Months. 
 

Combination Average Medical Cost Effectiveness (%) ACER 

ACEI + BB 458.210,00 87,50 5.236,69 

ACEI + Diuretik 204.329,77 65,12 3.137,92 

ACEI + CCB 724.937,54 52,68 13.761,53 

BB+ Diuretic 383.322,50 50,00 7.666,45 

BB + ARB 740.091,36 54,55 13.568,34 

BB + CCB 492.605,00 45,00 10.946,78 

Diuretic + ARB 464.857,37 65,79 7.065,83 

Diuretic + CCB 485.273,75 41,67 11.646,57 

ARB + CCB 65.982,68 41,46 15.844,88 

 
DISCUSSION 
Based on the results of this study showed that the majority of respondents were in the age range 
over 60 years (36.96% for man and 37.37% for women). The most Combination of oral 
antihypertensive widely used by patients with stage 1 hypertension in Banjarmasin Ulin Hospital 
in 2013 is the combination of ACEI with a CCB (32.09%). According to the research from Mourad 
(2004), the combination of ACEI with a CCB has fewer side effects when compared with the use 
of CCB separately. Addition of CCB in ACEI therapy significantly reduces the incidence of 
peripheral edema and tachycardia reflex (Gradman et al, 2010). The most expensive direct 
medical costs found in the combination of ARB and BB with a total cost of Rp. 740,091.36. The 
Cheapest Direct medical found in the combination of ACEI and diuretics with Rp. 204,329.77. It 
can be caused due to the cost of antihypertensive drugs and the cost of non-hypertensive 
medications of this group has the lowest cost. These results indicate that the combination of ACEI 
with BB gives the greatest effectiveness with a value of 87.50% and the combination with the 
lowest effectiveness was the ARB and CCB combination at 41.46%. The combination of ACEI with 
BB according to Aros et al (2006) reduce the mortality of patients with acute myocardial 
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infarction. This combination also effectively used in patients aged 50 years and above. While the 
combination of an ARB with a CCB was ranked last on its effectiveness. Kostis (2010) states that 
the combination of an ARB with a CCB is effective for hypertension stage 1 or 2, but this 
combination is more suitable for black patients whom rarely found in Indonesia. Results from this 
study also showed that the combination of treatments that provide the best cost-effectiveness is 
the combination of diuretics with an ACEI class with ACER Value of Rp.3.137,92 based on the 
effectiveness from the achieved blood pressure therapy target. 3137.92 value above the 
intention is for every 1% the effectiveness of drugs used takes a fee of Rp.3.137,92. 
 
CONCLUSION 
Based on the results, it can be concluded that of the nine combinations of antihypertensive used, 
the combination which gives the best effectiveness in patients with stage 1 hypertension is 
combination of ACEI with a BB with a value of 87.50% effectiveness. While the combination that 
gives the best cost-effectiveness in patients with stage 1 hypertension is a combination of ACEI 
with a diuretic with ACER value of Rp. 3137.92 
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ABSTRACT 
The presence of waste in the environment is something that cannot be avoided. This is due to 
every human activity can be ascertained will produce waste. People in developing countries 
depend on the recycling of materials from waste for livelihood. In waste management, especially 
plastic that was hardly able to decompose, some parties such as scavenger can pick it up for 
resale to collectors. If the plastic waste is handled correctly, it can be recycled through the 3R 
process: Reduce, Reuse, and Recycle. To overcome these problems, the potential recycling of 
plastic waste in the North Banjarbaru district needs to be described as a concept. Quantitative 
research was conducted to measure the potential recycling of plastic waste and it is represented 
by Recovery Factor. Qualitative research was undertaken to describe the potential recycling of 
plastic waste. The results showed the potency for recycling of plastic waste obtained is 40.64%. 
The simple mapping which is done to describe the potential for plastic waste recycling was using 
future wheel. Based on the data, most of the plastic waste was shipped to Java Island for 
recycling. The management of plastic waste is still rarely done by the community in North 
Banjarbaru district. This is due to limited available tools and infrastructure, so the potency for 
plastic waste recycling are still limited in reuse and reduce. 
Key words: Future Wheel, Plastic Waste, Recycling, Reduce, and Reuse. 
 
INTRODUCTION 
Waste is the problem that never ends, as long as human lives on earth.. Waste is the 
consequence of human’s daily activities. It needs to be managed properly (Regassa et al., 2   ). 
The amount of  aste is equal to the number human’s population. The small amount of  aste can 
be still managed properly and regularly, but when it became larger, it will be much harder to 
manage. According to Widyatmoko and Moerdjoko (2  2), human’s activities are al ays leaving 
the useless stuffs (for the example is plastic wrap). Those things have been called as junk, namely 
garbage and waste. 
Currently, the plastic waste is still regarded as the largest contributor of pollutants to the 
environment. Based on the interview with one of the scavengers in Banjarbaru, the most often 
garbage he could get while scavenging is plastic. In waste management especially plastic waste 
which is so difficult to decompose into the soil, scavengers and or waste picker could take it for 
resale to the waste or junk collectors. While the community itself is very seldom to manage their 
own waste. 
The community can actually manage their own plastic waste, if they know how to do that. If the 
plastic waste is handled properly by community. It can be recycled through the 3R processes: 
Reduce, Reuse, and Recycle. To overcome these problems, the potential recycling of plastic waste 
in the North Banjarbaru district needs to be described as a concept. 
 
MATERIALS AND METHODS 
Study area 

The research conducted at Jl. Karang Anyar 3 RT. 20 RW. 11 North Loktabat, District of North 
Banjarbaru, Banjarbaru.  

mailto:almiraulimaz2521988@gmail.com
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Procedures 
This study used a case study approach. Quantitative research was conducted to measure the 
potential recycling of plastic waste that was represented by Recofery Factor. Qualitative research 
was undertaken to describe the potential recycling of plastic waste. The research sample was the 
waste that was produced by 50 households living in Jl. Kebun Karet RT. 41 RW. 08 and RT. 27 
Loktabat North, North Banjarbaru District, Banjarbaru. 
Sources of data (informant) in the research about the description of the potential recycling for 
plastic waste were scavengers, waste pickers, waste collectors and community. The type of data 
was taken from interviews. The process of study implementation starts from a preliminary 
observation, the development of research design, the actual research, until writing the report. 
The waste from 50 households was collected, calculated, and sorted everyday for eight days. 
Recovery Factor (RF) is the percentage of waste that can still be used. The data of RF was 
obtained from the quotient of the total waste that can still be used (from one type of waste, 
plastic for the example) with a total weight of plastic waste overall. Then this quotient was 
multiplied by 100. The mapping is done to describe the potential recycling of plastic waste using 
future wheel. 
 
Data analysis 
Based on the research objectives, there were two kinds of data in this study. Quantitative data 
was about the measurement results of recovery factor (RF) from plastic waste and qualitative 
data was about the potential recycling of plastic waste. The RF were processed using data 
tabulation. The potential recycling of plastic waste were arranged by simple mapping using 
diagram of future wheel. Both of them were analyzed descriptively.   
 
RESULTS AND DISCUSSION 
Result-1 
The measurement results of Recovery Factor (RF) from plastic waste that was produced by 50 
households, are presented in Table 1. 
 
Table 1. Measurement Results of Recovery Factor (RF) from Plastic Waste 

Day Weight (kg) Can be used (kg) Could not be used (kg) 

1 12 6,50 5,50 

2 13,50 5 8,50 

3 19,50 9,50 10 

4 6 2 4 

5 9,50 4,50 5 

6 11,50 3,50 8 

7 8 3 5 

8 13,50 4 9,50 

Total 93,50 38 5,50 

RF   40,64 

 
 
Result-2 
The simple mapping is done to describe the potential recycling of plastic waste. It can be seen 
from Figure 1. 
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Figure 1. The simple mapping of the potential recycling from plastic waste using Future Wheel  
Description: (              ) = primary action, (             ) = Secondary action, (              ) = Tertiary action 
 

DISCUSSION  
In Figure 1, the potential recycling of plastic waste that can be done by the people in the district 
of North Banjarbaru was still limited to reduce and reuse. Recycle still rarely carried out because 
the majority of the population there, are office workers and self-employed (except for scavengers 
and waste collectors). So, they have no time to manage their own waste and prefer hiring a 
waste picker to take their all waste from their house.  
The community in North Banjarbaru district still has no tools to do that "recycle", they also like to 
do the most practical way to throw it away by burning or burying in the ground. The sorting of 
waste that can still be used with that cannot be used, based on whether the waste can still be 
processed with the 3R (Reduce, Reuse, and Recycle) or not. Basic sorting of waste in this study for 
the “recycle” only to organic  aste. 
Non-organic waste such as plastic cannot be recycled because the trash such as plastic, paper, 
and something like that, can only be sent to Java Island. So in Java, the waste will be recycled into 
similar products or the new products. For example, plastic bottles of drinks that were already 
broken or even damaged can be recycled into a doormat, clothes hanger or children's toys. This 
data were taken based on the information from the informants (scavengers and or waste picker). 

 
CONCLUSION 
Based on the data, most of the plastic waste was shipped to Java Island for recycling. The 
management of plastic waste is still rarely done by the community in North Banjarbaru district. 
This is due to limited available tools and infrastructure, so the potency for plastic waste recycling 
are still limited in reuse and reduce. 
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ABSTRACT 
A research on the utili ation of papyrus’ fiber, a typical agricultural product of East Nusa 
Tenggara, as a bio-sorbent for Pb(II) ions has been done. This research is aimed to determine the 
adsorption capacity of papyrus’ fiber activated  ith NaOH under varied concentrations of 0,5; 
1,0; 1,5; and 2 M. The acidic level of activated papyrus’ fiber  as characteri ed using titration 
method and the surface area was measured by methylene blue adsorption method. The bio-
sorbent with the highest level of surface acidity and the largest surface area was then studied 
further to determine its optimum pH, contact time and adsorption capacity on Pb(II) ion. The 
result showed that the highest  surface acidity level and the largest surface area of the 1,5 M 
NaOH activated bio-sorbent were 13.409 mmol/gram and 7.329 m2/gram, respectively. The 
optima conditions of pH and contact time were 5 and 60 minutes. The adsorption capacity of the 

activated bio-sorbent is greater than that of the unactivited one which are 125mol/g and 

83.33mol/g respectively. The adsorption energy obtained were 25.116 KJ/mol for the activated 
and 19.255KJ/mol for the unactivated one. 
 
Key words: adsorption, bio-  rb   , P   r  ’    b r, h  v       , Pb(II)       
 
INTRODUCTION 
Lead (Pb) is one of heavy metals which exist in the polluted environment. Lead content in 
environment may come from industrial activities such as battery industry, painting, oil and 
electronic industry, vehicle’s fuel, and car emission. Lead is categori ed as a toxic metal for living 
creatures, including human. It enters  human body through respiration, food, lead-contaminated 
water, and adsorption by skin. Lead accumulation can cause chronic illness, such as anemia, and 
brain and kidney malfunction.  
Lead concentration in  ater can be reduced through a adsorption techniuque.   Papyrus’s fiber is 
one example of lead adsorbents. It is isolated from papyrus plant (Borassus flabbilifer L.) which is 
one of common natural product of Indonesia, especially in East Nusa Tenggara.  
The adsorption mechanism in papyrus fiber involved the complex bond formation between metal 
ions and papyrus fiber. The metal ion is bound to the fiber through lone pair electrons of oxygen 
of the hydroxyl group of cellulosse conatined in papyrus fiber. A research conducted by 
Rahmawati and Yuanita[2], sho ed cellulose role in papyrus’s fiber as carbon-active materials to 
adsorb lead using ZnCl2 as an activator. 
Adsorption capacity of a bio-sorbent can be enhanced through an activation. This activation is 
aimed to increase the surface area and active sites. Surface area of a bio-sorbent is a physical 
characteristics which is playing an important role in adsorption process because the number of 
adsorbed substance depends on the active sites and the specific surface area. For instance, 
research done by  Sudiarta and Sahara[3][4] showed that cellulose of base-activated coconut’s . 
The NaOH and NH4OH activited cellulose can increase the specific surface area to 20.21 m2/g and 
20.07 m2/g respectively. Based on the description, we have done a research on  utilization of 
papyrus’s fiber (Borassus flabillifer L.) activated with NaOH as bio-sorbent of Pb(II) ion.  
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MATERIALS AND METHODS 
 
Materials 
The materials used in this research are a papyrus fiber, NaOH, HCl, PB(NO3)2, methylen blue, 
phenolphthalein indicator, aquades, pH indicator paper and whatmen filter paper 41. 
 
Tools 
Tools used in this research are analytical balance, an oven, a magnetic stirrer, a sieve of 60 mesh, 
pipette, measuring pipette, atomic adsorption spectrophotometer, UV-Vis spectrophotometer, 
pH meter, funnel, flask of various sizes and other glassware. 
 
Procedures 
Bio-sorbent Preparation of Papyrus Fibers 
Two hundred grams of papyrus fiber was washed with water and rinsed with aquades, then dried 

in the sun. After dried, it was cut into small pieces with a size of  1mm and sieved to 60 mesh 
sieve papyrus fibers pollen grains were washed with aquades until it was cleaned, and then dried 
in an oven at 70oC until constant weight is obtained and stored in a desiccators. The papyrus fiber 
was called A. 
 
Activation Bio-sorbent Papyrus Fibers with NaOH 
Twenty grams of sample A included in 250 mL of 0,5M NaOH solution the mixture was stirred for 
2 hour. It was then filtered and the residue washed with aquades until get the pH neutral (pH 7) 
at filtrate. Bio-sorbent was dried at 70oC, and then stored in a desiccators. This was called bio-
sorbent activated bio-sorbent NaOH (B). the same was done for activation using NaOH with a 
concentration of 1; 1,5; and 2 M. Bio-sorbent activated by variation concentration of NaOH was 
given the symbol C, D and E.  
 
Bio-sorbent Papyrus Fibers Characterization 
Bio-sorbent Characterization of Surface Acidity of Adsorbent 
The 0.5 grams of sample A, B, C, D and E were transferred into Erlenmeyer, and then added with 
25 mL of 1 M NaOH solution, further Erlenmeyer scaled and stirred for 2 hours then filtered an 
the filtrate was added 2 drops of  phenolphthalein indicator, the mixture is filtrated with 1 M HCl 
solution until the color changes. The same treatment was also carried out against a blank 
containing only 25 mL of 1 M NaOH.  
 
Characterization of The Surface Area of The Adsorbent 
Characterization of surface area bio-sorbent papyrus fibers was performed using adsorption 
method of methylene blue. To determine the maximum wavelength of methylen blue solution 
(20 mg/L), the absorbance was measured with a UV-Vis spectrophotometer at various 
wavelengths between 600-750 nm. Methylene blue standard curve created by the absorption of 
various concentrations of 1, 2, 3, and 4 mg/L at maximum wavelength. 
The 0,5 grams of sample A, B, C, D and E added to 20 mL of methylene blue mg/L, then stirred 
with a magnetic stirrer with a variation of 15, 30, 60, and 90 minutes stirring the resulting 
solution is filtered and the absorbance was measured usinf a UV-Vis spectrophotometer to obtain 
maximum adsorbed weight (mg/g) using maximum wavelength of methylene blue. 
 
Determination of Optimum pH 
The sample of activated optimum NaOH (0.5 g) was transferred into Erlenmeyer and added 25 
mL of 500 mg/L Pb(II) solution with pH 2, 3, 4, 5 and 6. The mixture was then stirred with a 
magnetic stirrer for 1 hour. Furthermore, the mixture was filtered and the filtrate was taken for 
analysis of Pb(II) remaining by using AAS. The same was done for the sample A. absorbance 
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values obtained included in the linear regression equition. Thus obtained concentration of Pb(II) 
in each filtrate. The concentration of Pb(II) which was absorbed  is determined using a calibration 
curve. The optimum pH was obtained by making the curve between pH and the amount of Pb 
absorbed by 1 gram samples (mg/g). 
 
Determination of Optimum Contact Time 
The 0.5 grams sample A and sample activated optimum NaOH were transferred into seperated 4 
pieces Erlenmeyer and then was added with 25 mL Pb(II) 500 mg/L. the mixture is stirred with a 
variation of 30, 60, 90 and 120 minutes. The amount of Pb(II) recidu was analyzed by AAS.  
 
d. Determintion of Adsorption Capacity 
The 0.5 grams sample A and sample activated optimum NaOH was transferred into five 
Erlenmeyer and then was added 25 mL Pb(II) solution with variation concentration such as 150, 
200, 300, 400 and 500 mg/L, and then stirrer for optimum contact time and pH. After that, it was 
analyzed by AAS.  
The pattern of adsorption isotherm was obtained by plotting the metal concentration in solution 
at equilibrium versus the weight of Pb(II) absorbed per gram sample. Adsorption isotherm 
pattern was applied to the Langmuir adsorption isotherm aquation for get the adsorption 
capacity. 
 
RESULT & DISCUSSION 
Bio-sorbent Characterization of Papyrus’s Fiber 
Characterization of Acidic Surface 
Determination of acidic surface is aimed to know the number of acid sites (mmol) which is 
bonded on bio-sorbent. This is done through acid-base titration, in  hich Le is’s acid sites on 
bio-sorbent are reacted with NaOH which is excessive. Remained NaOH which does not react 
 ith Le is’s acid is titrated  ith HCl. Acidic surface is obtained by counting subtracted result of 
initial NaOH which is a blank sample with free-NaOH titrated by HCl which is NaOH contacted 
with bio-sorbent. The acidic surface is shown on Table 1. 
Table 1. The acidic surface of papyrus’s fiber 

Treatment 
Acidic Surface 
(mmol/gram) 

Papyrus fiber without activation (control) 12.662 

Papyrus fiber activated by 0.5 M NaOH  11.199 

Papyrus fiber activated by 1.0 M NaOH  12.803 

Papyrus fiber activated by 1.5 M NaOH  13.409 

Papyrus fiber activated by 2.0 M NaOH  9.690 

As can be seen from the table, sample activated by 1.5 M NaOH results the highest level of acidic 
surface which is 13.409 mmol/gram. It means that 1.5 M NaOH can dissolve impurities on sample 
 hich close Le is’s acid sites so the sites can be opened to adsorption process.  
 
Characterization of  the Largest Surface Area 
The largest surface area is physical character having important role in adsorption process. 
Besides active sites, the largest surface area influences number of substance which can be 
adsorbed.  The largest surface area is analyzed by using blue-methylene method, in which 
number of blue-methylene adsorbed is equal with the largest surface area of bio-sorbent. The 
surface area is shown in Table 2. 
Table 2. The characterization of the largest surface area  

Contact time 
(minutes) 

The largest Surface (m
2
/g) 

A B C D E 

15 6.859 6.948 7.181 7.307 7.303 

30 6.914 7.262 7.311 7.329 7.322 

60 6.877 7.199 7.299 7.225 7.277 
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90 6.689 7.222 7.174 7.088 7.044 

 
As can be presented in table 2, all bio-sorbents have the highest level of the largest surface area 
at 20 minutes of time-contact. At the time, the highest level of the largest surface area is shown 
by papyrus’s fiber activated by NaOH,  hich is 7.329 m2/gram. It means that impurities closing 
pores of papyrus’s fiber have dissolved in  .5 M NaOH, therefore the largest surface area become 
larger and it increases the number of blue-methylene which is adsorbed. 
 
Determination of Optimum pH 
Determination of optimum pH is aimed to know pH interaction in which bio-sorbent can adsorb 
the Pb(II) ions maximally. The optimum pH is shown in Table 3. 
 
Table 3. The optimum pH which bio-sorbent can adsorb the Pb(II) ions maximally. 

 
pH 

The Concentration Of Pb(II) Adsorption 

A D 

2 0.458 2.750 

3 1.658 3.696 

4 6.029 6.399 

5 7.392 7.831 

 
The optimum pH is 5 to inactivity or activated adsorbent 1,5M NaOH are respectively 7.392 mg/g 
and 7.831 mg/g. This is because at pH 5, the number of proton (H+) less in solution so the 
competition between H+ and Pb(II) to bind to the active site in the sample was won by Pb(II)  and 
Pb(II) amount absorbed cause relatively to much[5]. 
Chemical adsorbent molecules are considered of have the active or functional group capable of 
interacting  with the metal. If adsorption through the ion exchange process, the adsorption is 
influenced by the number of protons in solution which competes with the metal ions on surface 
adsorbent, so that pH below 5(acidic conditions), the number of protons abundant so the 
chances of metal binding by the adsorbent is relatively small. At ph above 5 (base conditions) a 
relatively small number of protons and Pb(II) ion to form metal hydroxide sludge so that 
absorption is difficult to determine[6].  
 
Determination of Optimum Contact Time 
The amount of adsorption Pb(II) by bio-sorbent can be seen in Table 4. 
 
Table 4. The optimum contact time of adsorption Pb(II) by bio-sorbent 

Time (menit) 
The Concentration Of Pb(II) Adsorption 

A D 

30 6.419 11.132 

60 18.390 19.027 

90 11.360 18.665 

120 13.291 13.236 

 
The optimum contact time in the adsorption of Pb(II) is 60 minutes for bio-sorbent without 
activation or activated with 1,5M NaOH . Pb adsorbed amount per gram samples of each of 
18.390 mg/g and 19.027 mg/g. It can be caused by hydroxyl function groups of the cellulose that 
interacts with metal ions Pb(II) reaches equilibrium. 
At the time of contact such as 30, 90 and 120 minutes of relatively less Pb(II) which is adsorbed. It 
is because during the 30 minutes of functional groups on bio-sorbent less interaction with Pb 
metal in the solution, it showed that not many functional groups that contribute to adsorb Pb(II). 
Over 60 minutes, the amount of Pb(II) decreased. This could be due to the function groups of bio-
sorbent has been saturated so as to cause desorption.  
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Determination of Adsorption Capacity 
Bio-sorbent adsorption capacity of the samples indicated by making the curve between the 
amount of Pb(II) adsorbed per gram bio-sorbent and the concentration of Pb(II) at equilibrium it 
shown in Figure 1. 

  

Figure 1. The curve between amount of adsorption Pb(II) and (a) Bio-sorbent without activated and (b) 
activated by NaOH 1,5M.  
 

The figure 1 shown that, the isotherm adsorption of Pb(II) following the Langmuir adsorption 
Isotherm. So that, the parameters of  isotherm adsorption can be seen in table 5. 
 
Table 5. The parameters of isotherm adsorption of sample. 

Sample 
The Parameters of  Isotherm Adsorption 

B (mol/g) K (L/mol) E (KJ/mol) R
2
 

A 83.33 2240 19.25523 0.993 

D 125 23500 25.11659 0.999 

 
Adsorption capacity (B) of bio-sorbent activated  NaOH 1.5 M is greater than bio-sorbent without 
activation. Increase the adsorption capacity due to increased surface area and surface acidity on 
bio-sorbent with activation by 1.5M NaOH. Based the greater surface  area and acidity area of 
bio-sorbent, the amount of Pb adsorbed was biggest so that the adsorption capacity of bio-
sorbent will increase. Based on the adsorption energy, adsorption in sample D is a chemical 
adsorption because the energy produce is greater than 20.92 KJ/mol. According Adams (1990), 
the minimum energy of chemical adsorption is 20.92 KJ/mol. This is presumably because the 
formation of covalent bonds between cellulose activated with NaOH. 
 
CONCLUSION 
Based on the result, it can be concluded that: 
Papyrus fiber activated by 1.5 M NaOH increased the specific acidity area (7.329 m2/g). 
The optimum conditional of time contact and pH in adsorption of Pb(II) by Papyrus fibers Bio-
sorbent were 60 minutes and 5, respectively. 

The activation with 1.5 M NaOH increased  the adsorption capacity from 83.33mol/g to 125 

mol/g. 
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ABSTRACT 
The utilization of biogas as a renewable energy source requires methane gas (CH4) at 
high concentrations, but in the other hand presence of carbon dioxide (CO2) at high 
concentrations causes the energy produced by the biogas  inoptimum. This is because 
carbon dioxide act as an inhibitor in biogas energy conversion. The study was conducted 
at the Laboratory P3EBT UMM and real application was  carried out  at the farm house  
in  Jabung, Malang. The aims of this study is  to increase the potential of biogas with a 
lower content of carbon dioxide (CO2) as well as increasing the concentration of 
methane (CH4) through tube purification engineering and fill  it with strong base 
adsorbent such as sodium hydroxide (NaOH). Purification tube is designed so that the 
output of the digester gas can pass through the absorbent compound,  sodium 
hydroxide (NaOH). The tube is designed e with two designs vertical tube and horizontal 
tube. Furthermore, the content of Methane, CO2 and H2S are compared between 
before and after passing through the purification tube, which is detected using Biogas 
Analyzer. The results showed that the digester temperature range lied between 26.24 to 
26.86 ° C and digester pH  ranged from 7.3 to 7.4. An increase in methane content for 
the vertical tube type approximately 19% and for the horizontal tubeis 21%. The decline 
in the average CO2 content is 60% and the content of H2S decreased an average of 20%. 
 
Keywords: Quality of Biogas, Tubes Purification, Sodium Hydroxide 
 
INTRODUCTION 
The potential for renewable energy (renewable) in Indonesia is quite large since there 
are a lot of sources are available, such as water energy, biomass, wind, geothermal, 
solar and others. Besides it is because renewable sources are environmentally friendly, 
renewable energy is also inexpensive and easily obtained from the environment.  If 
developed appropriately, renewable energy not only able to replace non-renewable 
energy (conventional), but it can also make an important contribution to spur economic 
development especially by improving people's welfare. 
One of the alternative energy and renewable which is environmentally friendly and easy 
to apply, especially in the rural environment which has difficult access in obtaining 
energy conventionally is biogas (bio-gas). Biogas can be made by utilizing organic 
materials like animal manure of cow and buffalo.  This high potential of making biogas is 
supported by the potential of the livestock population in Indonesia which now reached 
14.24 million (Director General of Animal Husbandry, 2013). In addition, biogas can also 
be produced from a variety of human organic waste and other organic waste. 
Biogas is capable of producing energy that are environmentally friendly which able to 
reduce emissions of methane (CH4) resulting from the decomposition of organic 
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material produced waste in agriculture and livestock.  Biogas processing is also helping 
agricultural systems in providing organic fertilizer with good quality and, more broadly, 
biogas also able to reduce the effects of greenhouse gases and global warming 
phenomenon. However, it must be recognized that the use of biogas for energy is still 
very limited, which is used as a heater for cooking sake substituting LPG / firewood and 
in small scale. 
Limitations of the use of biogas energy are partly caused by the quality factor of the gas 
produced. Biogas processing usually produced methane (CH4) of 40-70%, and other by 
product  which can lower the efficiency of the energy conversion, like  carbon dioxide 
(CO2) with concentrations varied around 30-60% (Herwintono, et al., 2012). 
For that reason, it is necessary to find various efforts in order to eliminate the inhibitor / 
impurities. Hence, it is necessary to study the design of filter / purification as well 
engineered absorbent material for carbon dioxide (CO2) while increasing the 
concentration of methane (CH4) so that the quality of biogas improved.  
 
RESEARCH METHODS 
Time and Place of Research 
Research is conducted at the Central Laboratory of Assessment and Application of 
Renewable Energy, Muhammadiyah University, Malang and application is implemented 
in the public farmhouse in Jabung district, Malang for 10 months. 
Tools and materials 
Materials used in the research are two kinds of purification tubes, vertical and horizontal 
tube and  sodium hydroxide (NaOH) in grain / crystal as adsorbent. While the equipment 
used are Laboratory Scale Digester, Biogas Digester owned by ranchers, Biogas Analyzer, 
Flowmeter, Infra Red Temperature Meter, Biogas PRESSUREMETER, manometer, pH 
meters and supporting equipment. 
Research design 
This research is done by using the experimental method and conducted on two steps 
study, the laboratory study and field study. Laboratory studies conducted using the 
comparative method. Comparison is done between vertical tube (VT) and horizontal 
tube (HT) with using  5 replicates for each treatment and observed 10 times per 
replicate. Results of laboratory research will be applied to biogas installations in public 
farmhouse in  Jabung district, Malang. 
Data analysis 
Data were collected through observations for 10 times since it was first produced by the 
biogas digester. Then a quantitative descriptive analysis is performed using comparative 
analysis. 
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Research Design 

 
Figure 1. Purification tube design and lab scale digester installation layout. 
 
Field research layout 

 
 
RESULT AND ANALYSIS 
Physical Quality of Digester 
The observation of temperature and pH digester results are  tabulated in the following 
table. 
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Table 1. Physical quality of digester 

 
Digester Temperature pH 

Tube A 1 26,3 7,2 

(TV) 2 25,6 7,4 

 
3 27,1 7,2 

 
4 25,8 7,8 

 
5 26,4 7,6 

Average 
 

26,24 7,44 

Tube B 6 26,8 7,4 

(TH) 7 27,2 7,0 

 
8 28,2 7,2 

 
9 25,5 7,4 

 
10 26,6 7,6 

Average 
 

26,86 7,3 

 
From the analysis the digester temperatures ranged from 26.24 to 26.86 ° C while the 
digester pH is between 7.3 to 7.4. 

 
Figure 3. Graph of  average temperature and pH of the digester for two types of 
purification tube 
 
Biogas Purification tube design 
Two types of purification design are shown in the following figure: 
Vertical Biogas Purification  Tube Design 
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Horizontal Biogas Purification Tube Design 
 

 
Biogas Quality Improvement  
Methane Content Improvement 
The observation of methane content between before entering the tube and after 
passing through the purification tube for both types of purification tube with adsorbent 
sodium hydroxide (NaOH) is as in the following table. 
 
Table 2. Physical Digester Quality  

TueType Sampel 
Kandungan Metana (CH4) 

Sebelum Sesudah  Persentase 

Vertial 

1 55 76,0 28% 

2 52 68,0 24% 

3 53 74,0 28% 

4 48 70,0 31% 

5 56 69,0 19% 

Rata-rata 
 

52,80 71,40 26 % 

Tabung 
Horisontal 

1 48 65,0 26% 

2 53 69,0 23% 

3 52 63,0 17% 

4 55 66,0 17% 
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5 52 65,0 20% 

Average 
 

52,0 65,6 21% 

 
From the analysis of the carbon dioxide content, between before and after the 
purification,  there is a decrease in methane content of 75 % for vertical tube and the 
horizontal tube of  45%, which is 60% on average for both tube.  
This is done by Haryandi (2011) where the adsorbent used is a solution of Ca (OH) 2, in 
order to reduce levels of CO2 in the biogas.  The higher flow rate of the absorbent leads  
to greater absorption of CO2. The higher the flow rate of gas causes less absorption of 
CO2. While the influence of the operating temperature of the CO2 absorption, the 
higher the operating temperature causes less absorption of CO2. 

 
Figure 5.  Carbon dioxide content decrease for two types of purification tube. 
 
H2S content 
The observation of H2S content between before entering the tube and after passing 
through the tube purification for both types of purification tube with adsorbent sodium 
hydroxide (NaOH) is as in the following table. 
Table 4. Digester Physical Quality  

Jenis Tabung Sampel 
Kandungan H2S 

Sebelum Sesudah Persentase 

Tabung 
Vertikal 

1 1,6 1,4 14% 

2 1,8 1,2 50% 

3 2,4 2,6 -8% 

4 1,6 1,6 0% 

5 2,8 1,4 100% 

Rata-rata 
 

2,04 1,64 31% 
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Tabung 
Horisontal 

1 1,8 1,6 -13% 

2 1,4 1,2 -17% 

3 1,8 1,4 -29% 

4 1,6 1,8 11% 

5 1,8 1,8 0% 

Rata-rata 
 

1,7 1,6 9% 

 
From the analysis of H2S content, between before and after the purification tube there 
is a difference with a decrease in H2S content on the type of  vertical tube by an average 
of 31% and a horizontal tube by 9% or an average of the two is  20%. 
Biogas purification of H2S was also done by  Aditya et al (2012) using the compound of 
NaOH, CuSO4 or Fe2 (SO4) 3. The study was conducted with the absorbent solution 
flowing through the packed column from top to bottom, while biogas flowed from 
bottom to top. The result is known that NaOH has the highest absorption. It is also 
noted that the higher the flow rate of the absorbent, the more H2S is absorbed. 

 
Figure 6. Average  carbon dioxide content reduction  for two types of purification tubes  
 
Biogas purification research by absorption method also performed by Mara (2012) using 
NaOH solution with a concentration ranging from 0 N (without NaOH), 1.25 N and 2.5 N 
which  then the quality of biogas is tested in a way to heat water. The result is known 
that the higher the concentration of NaOH solution, the faster the rise in water 
temperature, indicating that the better the quality biogas. 
Harihastuti and Sari (2011) conducted a study of biogas purification method using a 
multilevel absorption absorbent activated charcoal. This method can reduce the content 
of impurities in the biogas gas (H2S: 99.98%, NH3: 86.54%, CO2: 53.24%), and increase 
the purity of the methane up to 17.16%. The best way is to use absorbent with 6 kg of 
activated charcoal, with biogas flow rate of 25 liters / minute and 170 minute contact 
time. 
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CONCLUSION 
From research, it can be concluded that : 
The digester temperature range between 26.24 to 26.86 ° C and pH digester ranged 
from 7.3 to 7.4. An increase in methane content between before and after the 
purification tube for  the Vertical Tube is  19% and the Horizontal Tube is 21% or an 
average of the two of 20%. The content of carbon dioxide between before and after the 
purification tube  declines for the vertical tube by 75% and Horizontal Tube by 45% or an 
average of the two of  60% The content of H2S decreased in vertical tube  by 31% and 
Horizontal Tube by 9% or an average of the two of  20%. 
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ABSTRACT  
Synthesis of myristicyl ethanoate from  myristicin aldehyde has been done.  The synthesis was 
performed in two steps, reduction and synthesis of myristicyl ethanoate. Sodium borohydride 
reduction of myristicin aldehyde gave myristicyl alcohol, which on reaction with ethanoyl 
chlorides afforded myristicyl ethanoate in 74.8% of yields.  
 
Key words: myristicyl ethanoate, synthesis, myristicin aldehyde  
 
INTRODUCTION 
Myristicin aldehyde (1) represent the conversion of myristicin (2), the primary chemical 
component of Nutmeg Oil (Myristica fragrans) (Muchtaridi et al., 2010; Lee et al., 2011). 
Isomerization and oxidation of myristicin (2) produces a myristicin aldehyde (1) (Kainama, 2013). 
The structure of myristicin aldehyde (1) is similar to heliotropin (3) and vanillin (4), so it is 
expected to experience the same reaction as the two compounds. 
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                                        (2)                                          (3)                                       (4) 
 
Heliotropin (3) and Vanillin (4) can be reduced to heliotropyl alcohol (5) and vanillin alcohol (6) 
respectively. Heliotropyl alcohol (5) can be esterification with corresponding acyl chloride to 
afford new heliotropyl esters (7-10) (Holil et al., 2012a; Holil et al., 2012b), while esterification of 
Vanillin alcohol produced commercial fragrance; isobutavan and their analog (11-15) (Holil dan 
Santoso 2009; Holil et al., 2010; Santoso et al., 2009; Santoso et al., 2012). Myristicin aldehyde 
(1) is also expected to be able to experience both the reaction. 
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              (5)                                         (6)                                             (7-10) 
This paper reports the synthesis of myristicil ethanoate (16) from myristicin aldehyde (1) in two 
steps. The first step is reduction myristicyn aldehyde (1) to yield myristicyl alcohol (17), and  
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the second was esterification of the alcohol with corresponding ethanoyl chloride to afford 
myristicyl ethanoate (16). 
 
 
 
 
 
 
 
            (11-15)                                                                (16)                                                       (17)                                                 
 
MATERIALS AND METHOD 
Materials 
All reagents and solvents were obtained from purchase and used without further purification. 
Monitoring reaction by analytical TLC was performed  on precoated alluminium sheets of silica 
gel G/UV-254.  IR spectra were recorded on a Shimadzu.  Mass spectra were recorded on an  
Agilent 6890 series with the Agilent 5973 Plus N Mass Selective Detector, using the direct-inlet 
system operating in the electron impact (EI). 
 
Procedures 
Reduction of myristicin aldehyde (1) 
Myristicin aldehyde (1) (130,2 mg; 0,7227 mmol) and sodium borohydride (54,6 mg; 1,4454 
mmol)  in absolute ethanol (10mL) was refluxed for thirty minutes. After cooling, the mixture was 
evaporated under reduced pressure. The remaining was suspended in 10% aqueous sodium 
hydroxide (10 mL), and extracted thrice with diethyl ether.  The combined extract was dried over 
magnesium sulfate, evaporated under reduced pressure, and give myristicyl alcohol (17). 
 
Synthesis of myristicyl ethanoate (16) 
Myristicyl alcohol was treated with the corresponding ethanoyl chloride in pyridine, and the 
reaction was monitored  by thin layer chromatography. The mixture was added with cold water, 
and  extracted thrice with diethyl ether. The combined extract was dried over magnesium sulfate, 
evaporated under reduced pressure to furnish myristicyl ethanoate (17).  
 
RESULTS  
Reduction of myristicin aldehyde (1) 
Sodium borohydride reduction of myristicin aldehyde (1) gave myristicyl alcohol (17). Myristicyl 
alcohol (17) as a white solid (112 mg, 86%).  vmax (KBr): 3290, 3194, 2945, 1435, 1244, 1043, 804 
cm

-1
; Mass spectrum (EI): m/z 183 (M+1, 10%), 182 (M, 100), 165 (61), 153 (29), 151 (18), 123 

(38), 95 (30), 53 (38). 
 
Synthesis of myristicyl ethanoate (16) 
Myristicyl ethanoate (16): A colourless oil (yield: 74.8%); Mass spectrum (EI): m/z 224 (M, 60), 
182 (72), 165 (100), 151, 123, 95, 77, 43. 
 
DISCUSSION  
Reduction of myristicin aldehyde (1) 
Reduction of myristicin aldehyde (1) was carried out by following the sodium borohydride 
reduction procedure of heliotropin (Holil et al., 2012b).  Infrared spectrum of myristicyl alcohol 
(17) clearly exhibited a stretching vibration band at 3290 cm-1 for the hydroxy group. The 
absorption bands about 3194, 2945, 1043, 804 cm-1 represented the presence of  aromatic C-H, 
alkyl C-H, C-O, aromatic C-H respectively. Mass spectrum indicated a molecular ion which was 

R = Me 
R = Et 
R = Pr 
R = iPr 
R = iBu 
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also the base peak at m/z 182, corresponded to the relative mass of myristicyl alcohol (17). 
Expulsion of hydroxyl group gave rise a peak at m/z 165 and  hydroxymethyl group at m/z 151. 
 
Synthesis of myristicyl ethanoate (16) 
Synthesis myristicyl ethanoate (16) has been done by reaction of myristicyl alcohol (17) with 
ethanoyl chlorides in pyridine afforded myristicyl ethanoate in 74.8% of yields. It suggested a 
reaction mechanism is shown in Figure 1.  
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Figure 1. Mechanism reaction of synthesis myristicyl ethanoate (17) has suggested 
 
Mass spectrum indicated a molecular ion at m/z 224 corresponded to relative mass of myristicyl 
ethanoate (17). The expulsion of ethanoyl groups from the parent ions gave rise peak at m/z 182. 
Elimination of hydroxyl group gave the base peaks at m/z 165.  Fragmentation myristicyl 
ethanoate (17) presented in Figure 2. 
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Figure 2. Fragmentation of myristicyl ethanoate (17) 
 
CONCLUSION 
 
Myristicyl ethanoate (17) has been synthesized from myristicin aldehyde (1) in 74.8% of yields. 
 
ACKNOWLEDGEMENTS 
 
The authors are grateful to Directorate General of Higher Education, Ministry of Research, 
Technology and Higher Education, for PEKERTI grant. The authors are thankful to Dr. M. Holil as 
Factory Laboratorium Manager of PT. Gelora Djaja for the GCMS analysis. 
  
REFERENCES  
Holil M, Santoso M. 2009. Pemanfaatan Limbah Cair Proses Perajangan Cengkeh untuk Pembuatan 4-Formil-2-

Metoksifenil butirat; Proceeding of National Seminary on Chemistry XI. Sepuluh Nopember Institute of Technology, 
Surabaya, 28 July 2009. 

Holil M, Santoso  M, Ersam T. 2010. Preparation of a new fragrance from essential oil of Cinnamomum cullilawan, BLUME; 
Proceeding of The Third International Conference on Mathematics and Natural Sciences, Bandung, 23-25 
Nopember 2010. 

Holil M, Santoso M, Ersam T. 2012a. Synthesis of Piperonyl Esters from commercial essential oil of Cinnamomum 
cullilawan, Blume.   International Journal of Academic Research 2: 287-290. 

Holil M, Santoso M, Ersam T. 2012b. Synthesis of Novel Heliotropyl Esters. J. Basic. Appl. Sci. Res 7: 6670-6674. 
Kainama H. 2013. Sintesis Miristinal sebagai Precursor Antibiotik dari Minyak Pala; Proceeding of Prosiding Seminar 

Nasional 2013 Menuju Masyarakat Madani dan Lestari. 
Lee JY,  Park. 2011. Anti-Inflammatory Effect of Myristicin on RAW 264.7 Macrophages Stimulated with Polyinosinic-

Polytidylic Acid. Molecules 16: 7132-7142. 
Muchtaridi, Subarnas A, Apriyantono A, Mustarichie R. 2010. Identification of Compounds in the Essential Oil of Nutmeg 

Seeds (Myristica fragrans, Houtt) That Inhibit Locomotor Activity in Mice. Int. J. Mol. Sci 11: 4771-4781. 
Santoso M, Holil M, Alfarisi, S. 2009. Pembuatan 4-Formil-2-metoksifenil isobutirat dari Daun Cengkeh; Proceeding of 

Seminar Nasional Sains II, Bogor, 13-14 Nopember 2009. 
Santoso M, Aziz MA, Huda N, Fadlan A. 2012. Synthesis of 4-hydroxy-3- methoxybenzaldehyde derivatives; Proceeding  of 

Asian Network for Natural and Unnatural Materials II Conference, Singapura, 3-5 Oktober. 

 
 

  

javascript:%20display_('A45');
javascript:%20display_('A45');


 

Proceedings of International Conference on NAMES 2015 | The Profile of Volatile Oil on Blumea balsamifera L. Calli 161 

 

The Profile of Volatile Oil on Blumea balsamifera L. Calli 
 
Popy Hartatie Hardjo1*, Anna Rijanto2, Elisa Mirlyana2 

 

1)Faculty of Biotechnology, University of Surabaya, Surabaya, Indonesia 
2)Faculty of Pharmacy, University of Surabaya, Surabaya, Indonesia 
*Presenter,  email: poppy_hardjo@staff.ubaya.ac.id 

 
ABSTRACT 
This research was aimed to examine the contain of volatile oil on Blumea balsamifera calli and 
compare it with the leaves of the plant. The calli induction from the leaves was done on the 
media of Murashige-Skoog (MS) by adding Naphtalene Acetid Acid (NAA) 1.0 and 1.5 mg/L and 
combining it with Benzyl Adenin (BA) 0.05 mg/L. Furthermore, it was sub-cultured into the same 
media. The growth of calli on NAA 1.5 mg/L was better than NAA 1.0 mg/L. 28 days old calli was 
extracted by using hexane and the contain of volatile oil was analyzed by using the thin layer of 
chromatography (TLC). The comparison of TLC profile in volatile oil between calli and leaves of  
Blumea balsamifera showed the difference on amount of spot and Rf value.   
 
Key words:  volatile oil, calli, Blumea balsamifera L. 
 
INTRODUCTION 
The whole plant and its crude extracts of sembung (Blumea balsamifera L.) has numerous 
biological activities, such as antitumor, antioxidant, antimicrobial and anti-inflammation.  The 
content in sembung are volatile oil, borneol (Bhuiyan et al., 2009), sineol, limonene, myristin, 
sesquiterpenoids (Jiang et al., 2014), tanin and glikosida (Jahan et al., 2014). Volatile oil can be 
found mostly in the leaves (0.5%), where the main component is  borneol (25%) (Oyen, 1999). 
The method of plant tissue culture gives possibility to do synthesis of natural chemical compound 
in the form of secondary metabolites (Zhou et al., 2006). Organ or plant tissue, which is cultured 
using tissue culture, may produce  identical secondary metabolites compared to the original plant 
or it can produce compound which is totally different from the original plant, or it may not even 
produce specific compound as the original plant (Indrayanto, 1987). 
Naturally, the leaves of Blumea balsamifera (L.) DC contain the secondary metabolites in the 
form of volatile oil, however, if it is bred with tissue culture using callus culture, it does not 
necessarily contain volatile oil, so the existance of volatile oil should have been futher analyzed. 
Callus induction of the leaves is using auxin as growth regulator or the combination of auxin and 
cytokinin. Auxin has bigger impact on biosynthesis of secondary metabolites compared to 
cytokinins (Prins et al., 2010).  
This research aimed to compare the TLC profile of volatile oil on Blumea balsamifera L. planted in 
MS media with BA 0.05 mg/L, treated with NAA   1 mg/L and 1.5 mg/L, with the plant.  
 
MATERIALS AND METHODS 
This research was conducted at the biotechnology laboratory, Faculty of Pharmacy, University of 
Surabaya. The leaves of Blumea balsamifera was sterilized in laminar air flow (LAF), using bleach 
(NaOCl), then it was planted in MS media with BA 0.05 mg/L and treated with NAA 1.0 mg/L and 
1.5 mg/L, to do induction for forming calli. The calli then was sub cultured in the same media. The 
measurement of calli growth index was done on every 7 days by comparing the last weight with 
the beginning weight of fresh calli. Then, the result of the harvest was dried up. The process of 
drying was done in the room temperature, and then it was weighing until it was constant. The 
dried powder (500 mg) callus or leaves of Blumea balsamifera L was extracted using 3 ml hexane 
solvent for 15 minutes by using vortex, then it was filtered and the filtrate is separated. 
Furthermore, the extract was put a drop on 60F254 silica gel for 1 capillary 2 µL (Oyen, 1999). 
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The identification of volatile oil was done in qualitative by comparing TLC profile of Blumea 
balsamifera L. volatile oil planted on MS media with BA 0.05 mg/L and NAA 1.0 mg/L with MS of 
BA 0.05 mg/L and NAA 1.5 mg/L of the natural Blumea balsamifera L. leaves; it was including the 
amount, color and the Rf value of the spots. The observed calli was 28 days old calli. Dry 
extracted (0.5 g) calli or leaves of Blumea balsamifera L. plant was dissolved in hexane p.a. The 
volatile oil TLC analysis of Blumea balsamifera L. plant and calli used silica gel 60F254 as stationary 
phase, mobile phase toluene : ethyl acetate (93 : 7), and H2SO4p Anisaldehide as visualization 
spot.   Anisaldehide 0.5 mL was mixed with 10 mL glacial acetate acid and add it up with 85 mL 
methanol and 5 mL concentrated sulfuric acid. After being sprayed with anisaldehide, TLC plate 
was heated in oven with 100°C for 5 – 10 minutes.  If the result of TLC is blue-purple, blue, red-
orange, yellow-brown, red-brown, red-purple, then it can be concluded that the extract contains 
the component of volatile oil (Wagner, 1996). 
 
RESULTS 
The visual appearance of Blumea balsamifera on 7, 14, 21, 28 and 35 days which was cultured on 
MS media with NAA 1.0 mg/L was shown in Figure 1, and Figure 2 showed calli which was 
cultured with NAA 1.5 mg/L. 

 

                   

                              
Figure 1.  The visual appearance of Blumea balsamifera L. calli on 7, 14, 21, 28 and 35 days on MS media 
containing BA 0.05 mg/L with the treatment of NAA 1.0 mg/L; (A) 7-days calli (B) 14-days calli (C) 21-days 
calli (D) 28-days calli (E) 35-days calli                           

 

               

  
Figure 2.  The visual appearance of Blumea balsamifera L. callus on 7, 14, 21, 28, and 35 days on MS media 
containing BA 0.05 mg/L with the treatment of NAA 1.5 mg/L; (A) 7-days calli, (B) 14-days calli,  (C) 21-days 
calli, (D) 28-days calli, (E)  35-days calli 

From Figure 3 and Table 1, based on growth index, Blumea balsamifera was grown better on MS 
media + BA 0.05 mg/L with the treatment of NAA 1.5 mg/L compared to the treatment of NAA 
1.0 mg/L. NAA auxin has important role in cell division, and the increase on NAA concentration 
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can increase the speed of cell division, however, callus will be white. High concentration auxin 
causes cell unable to form chlorophyl. 
 

  
 
Figure 3. The profile of Blumea balsamifera L. growth index on MS media containing BA 0.05 mg/L with the 
treatment of NAA 1.0 mg and NAA 1.5 mg/L. 
Table 1. The area under the curve (AUC) from growth index of Blumea balsamifera L. calli for the 7

th
 day 

until the 35
th

  day.
 
  

Replication 
AUC growth index 

NAA 1,0 mg/l NAA 1,5 mg/l 

1 111.2528 127.4945 
2 111.5496 127.7435 
3 112.4474 128.8992 

 335.2498 384.1372 

  111.7499 a 128.0457 b 

*Numbers followed by letters are those ones totally different from t-test at α 5  
 
 

           

 
 
Figure 4.   Volatile oil chromatogram of Blumea balsamifera calli extract grows in MS media with NAA 1.0 
mg/L and BA 0.05 mg/L, and MS media with NAA 1.5 mg/L and BA 0.05 mg/L and with the leaves of Blumea 
balsamifera L.  
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D     : Extract of Blumea balsamifera L. leaves 
1      : extract calli in MS media +NAA 1.0 mg/L + BA 0.05 mg/L 
1.5   : extract calli in MS media + NAA 1.5 mg/L + BA 0.05 mg/L  
Stationary phase    : silica gel 60F254 
Mobile phase         : Toluen : ethyl acetate (93 : 7) 
Visualization spot   : Anisaldehide - H2SO4p 
Solvent                   : Hexane p.a. 

 
Table 2.  The comparison of volatile oil KLT profile in callus and in the leaves of Blumea balsamifera L. 

              
 
Spot 

Spot I Spot  II Spot  III Spot IV Spot V Spot VI 

Colour Rf Colour Rf Colour Rf Colour Rf Colour Rf Colour Rf 

Leaves 5 
Light 
green 

0,13 
Blue 
violet 

0,20 Green 0,33 
Red 
purple 

0,51 Green 0,78 - - 

Calli  
on 
NAA 
1.0 
mg/L 

6 
Light 
green 

0,16 
Blue 
violet 

0,20 Green 0,33 
Red 
purple 

0,56 Green 0,76 
Blue 
purple 

0,85 

Calli  
on 
NAA 
1.5 
mg/L 

6 
Light 
green 

0,16 
Blue 
violet 

0,20 Green 0,33 
Red 
purple 

0,56 Green 0,76 
Blue 
purple 

0,85 

  
DISCUSSION 
The results showed that 6 kinds of compounds were separated from volatile oil of Blumea 
balsamifera calli and 5 kinds of compounds on leaves (Figure 4 and Table 2). It was known the 
spots which could not be found in plant but it was found in calli, the spots were light green with 
Rf 0.16; red purple spots with Rf = 0.56, green spots with Rf = 0.76;  blue purple spots with Rf 
0.85. Besides that, there was also some spots that could not be found in calli, such as light green 
spots with Rf 0.13, red purple spots with Rf 0.51; green spots with Rf 0.78. It showed that on 
Blumea balsamifera L. calli, the same volatile oil was formed in the plant, and also there was 
component of volatile oil found was not the same with the plant. The possible cause could be the 
enzime which involve in the process of secondary metabolite biosynthesis, is repressive, or 
because there is no capability of storing the product, so there is product degradation. On the 
contrary, there is the form of volatile oil component in calli but it does not exist in the plant, it is 
possible because of the influence of culture medium component (Indrayanto, 1987). The increase 
of NAA auxin (1.0 and 1.5 mg/L) does not affect the changing of volatile oil component in Blumea 
balsamifera L. calli. 
 
CONCLUSION  
Blumea balsamifera L calli grew better in MS media with BA 0.05 mg/L with the treatment NAA 
1.5 mg/L compared to NAA 1.0 mg/L. The difference concentration of NAA does not affect the 
TLC profile of volatile oil on Blumea balsamifera L. calli, but there was difference when it was 
compared with the leaves of Blumea balsamifera L., which was planted conventionally. 
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ABSTRACT  
The research  was aimed to identify chemical compounds from lampasau herbs (Diplazium 
esculentum Swartz). The  lampasau herbs was extracted with methanol.  The methanol extract 
was dissolved in H2O and partitioned with petroleum ether. The aquous fraction was partitioned 
with ethyl acetate, followed by n-buthanol.  N-buthanol fraction was chromatograped on silica 
gel colomn to give 4 fractions (A-D). Fraction B was fractioned by TLC preparative on silica gel 
GF254 to afford isolate B1. Isolate B1 was colorless solid and had white fluorescent under UV lamp 
366 nm. The maximum wavelength on UV spectra of B1 were 225 nm and 272,5 nm. IR spectra of 
B1 showed the vibration of C=C, –OH, C=O lactone, –C-O, C–H stretching and   C–H bending. 
Signals of 1H-NMR spectra of B1 showed the proton of double bond, –OH  proton, –CH2 proton 
bounded on oxygen atom, and methyl proton. Based on data of spectra UV, IR, and 1H-NMR, 
isolate B1 suggested as a hopan-triterpene lactone. 
Key words: Diplazium esculentum Swartz, lampasau herbs, n-butanol fraction, hopan-triterpene 
lactone  
 
Abbreviations: TLC (Thin Layer Chromatography), UV (Ultra violet), IR (Infra Red), and NMR 
(Nuclear Magnetic Resonance). 
 
INTRODUCTION 
Diplazium esculentum Swartz also known as lampasau (local name) is a herbs from 
Polypodiaceae. Infussion of herbs is used by Central Kalimantan community as pain reliever.  
Methanol extract (Muthia, 2011) and n-butanol fraction from methanol extract (Irianti, 2011) 
have an analgesic activity based on bioassay using mice.  
Kaushik et al., (2011) has reported steroids, triterpenoids, phenols, flavons and flavonoids are 
belonging to these plants.  Several compounds, including hopan-triterpene lactone (17,24-
dihydroxyhopan (28,22-olide), hopan-triterpene lactone glicosyde (17-hydroxyhopan-28,22-olide 
(Tanaka et al., 1986), Diplaziosida V-VII, and 6”-O-acetic-diplazioside VII have already been 
isolated and identified from D. subsinuatum., other plant belonging to this genus. This paper 
describes the isolation and identification of terpene from lampasau herbs. 
 
MATERIALS AND METHODS 
Materials 
Diplazium esculentum herbs was collected from Kuala Kapuas, Central Kalimantan. For 
chromatography colomn and TLC preparative, Silica gel 60 (Merck) and Silica gel GF254 (Merck) 
were used.  Solvents was used tecnique grade which had redistilation. The FTIR 
Spectrophotometer (Shimadzu prestige 21), NMR spectrophotometer (JEOL type JNM-ECA 500), 
UV-Visible spectrophotometer (Hitachi u-2100) was used for analysis. 
 

mailto:astuti_md17@yahoo.co.id


 

Proceedings of International Conference on NAMES 2015 | Isolation and Identification of Terpene From Lampasau 
(Diplazium Esculentum Swartz) Herbs. 

167 

 

Procedures 
Isolation 
The whole plants of lampasau herbs was air-dried, cut, and extracted four times with methanol 
for 24 hours. After filtration, the methanol extract was evaporated by rotary evaporator, then 
dissolved in H2O and partitioned with petroleum ether. The aquous fraction was partitioned with 
ethyl acetate, followed by n-butanol.  N-buthanol fraction was evaporated and chromatograped 
on silica gel colomn with n-hexane : ethyl acetate (1:2; 1:3; 1:4; 1:6) eluent and ethyl acetate to 
give 4 fractions (A-D). Fraction B was fractioned by TLC preparative on silica gel GF254 with ethyl 
acetate eluent to afford B1, B2, dan B3. The purity test of isolate B1 was evaluated by TLC with 
many eluent  (n-hexane : chloroform (6:4), n-hexane : ethyl acetate (15:1), n-hexane : aceton 
(9:1) and 2-D TLC with n-hexane : chloroform (7:3) eluent (first eluent) dan ethyl acetate (second 
eluent).   
 
Identification of Isolate B1  
Isolate B1 was identified by UV, IR, and 1H-NMR spectrophotometer. 
 
RESULTS 
TLC Cromatogram of Isolate B1 

                                                   
                                             a                       b                     c 
Figure 1. TLC chromatogram of isolate B1 in many eluent a) n-hexane : chloroform (6:4)  b) n-hexane : ethyl 
acetate (15:1)  c) n-hexane : aceton (9:1) under UV lamp λ 366 nm 

 

      
                          a                                                                b 
Figure 2. Chromatogram 2-D TLC  a) first eluen n-hexane : chloroform (7:3)  b) second eluen ethyl acetate 

Identification of Isolate B1 by Spectrophotometer  
UV spectra (CH3OH) λmax 225 nm and 272,5 nm. 
IR spectra (KBr) v: 3373.50 cm-1; 2953.02 cm-1; 2924.09 cm-1; 2856.58 cm-1; 1730.15 cm-1; 1606.70 
cm-1; 1460.11 cm-1; 1377.17 cm-1; dan 1074.35 cm-1 
1H-NMR  δ(ppm) 7.76 (1H, dd, J=9.1), 7.67 (IH, dd, J=9.1), 4,24 (2H, dtd), 3,99 (1H, dd, J=8.45), 2,14 
(1H, s); 2,09 (3H, s); 1,30 (3H, s); 1,19 (3H, s); 0,89 (3H, s); 1,29 (6H, s).  
 



 

Proceedings of International Conference on NAMES 2015 | Isolation and Identification of Terpene From Lampasau 
(Diplazium Esculentum Swartz) Herbs. 

168 

 

DISCUSSION 
Isolate B1 was a colorless solid. All TLC chromatogram of isolate B1 in Figure 1 and Figure 2 
showed one spot and had a white fluorescent under UV lamp 366 nm wavelength.  It mean that 
isolate B1 was relatively pure based on TLC test.  Triterpenes of isolate B1 were identified by red-
violet colour by Liebermann Buchard test. 
The maximum wavelength on UV spectra of B1 were 225 nm and 272,5 nm. Zetra & Prasetya 
(2  7) research’s Beilschmiedia roxburghiana (Lauraceae) showed the maximum wavelength on 
229 nm and 272,5 nm. The maximum  avelength sho ed π – π* trantition,   hich is a typical for 
C double bond unconjugation. The presence of double bond on isolates B1 was supported by the 
IR spectra indicate the C = C at 1606.70 cm- 1. 
The IR spectra also indicate a strong band at 1730.15  cm-1 due to carbonyl group was assumed as 
as carbonyl lactone. Inatomi et al. (2000) reported that hopan lactone triterpene compounds 
from D. subsinuatum have an absorption band for carbonyl group at 1732 cm-1. Besides, there 
were absorption bands at 3373.50 and 1074.35 cm-1  for OH group and C-O vibration; absorption 
bands at 2953.02; 2924.09; and 2856.58 cm- 1 for C-H stretching vibration, and at 1460.11 and 
1377.17 cm- 1 for C-H bending vibration.  The vibration of  C-H indicated methyl, methylene or 
gem dimethyl group on triterpenoid compound. 
The 1H-NMR spectra of isolate B1 displayed signal at δ(ppm)  7.76 ( 1H , dd, J = 9.1 ) and 7.67 ( IH , 
dd, J = 9.1 ) due to the presence of two proton of  the double bond (-CH=CH-) on the triterpenoid 
skeleton. Isolate B1 indicate presence  of four methyl groups at δ(ppm) 2,09 (3H, s); 1,30 (3H, s); 
1,19 (3H, s); dan 0,89 (3H, s) and a gem dimethyl at δ(ppm) 1,29 (6H, s), a hydroxymethylene (-CH2-
OH) at δ(ppm)  4.24 (2H, dtd) due to -CH2 group bonded to an oxygen atom and 3.99 (1H, dd, J = 
8.45 ) due to OH and free OH at δ(ppm) 2.14 (1H ,s). 
Based on spectral data UV, IR and 1H-NMR, isolate B1 suggested as a hopan-triterpene lactone.  
Hopan-triterpene lactone were commonly found in the genus Diplazium (Inatomi et al., 2000; 
Tanaka et al., 1982). Structures of  Diplazioside V-VII  which have a hopan-triterpene lactone 
skeleton (Inatomi et al., 2000) is presented below. 
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                                                          Diplazioside VI 
 
Isolate B1 structure similarly with Diplazioside V-VII structure, which is a hopan-triterpene with a 
28,22-lactone moiety, but isolate B1 did not have a sugar groups.  It was evidenced by the 
absence of typical protons on sugar part at δ(ppm) 4-5. The presence of proton C double bonds 
(HC=CH) on 1H-NMR data was suspected at the C ring (C11) of triterpenoid skeleton. 
 

CONCLUSION 
Based on data of spectra UV, IR, and 1H-NMR, isolate B1 can be suggested as a hopan-triterpene 
lactone. 
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ABSTRACT 
The sudy on precondition time in ion selective electrode (ISE) of methanil yellow has been done. 
The first step in this research was optimized of membrane composition by measuring of potensial 
value of chitosan, PVC and DOP membrane and calculate the Nernst factor. The membrane with 
Nernst factor nearly the Nernst factor teory 59,2 mV/decade was used to determine precondition 
time. Precondition time process was measured potensial value of  ISE membrane in methanil 
yellow 1.10-1 – 1.10-8 M with variation time were 10, 20, 30, 40, 50, 60, 70, 80 minutes and 
calculated the Nernst factor. The results of this research showed that optimum membrane 
composition was 20% chitosan : 30% PVC : 50% DOP with Nernst  factor 56,82 mV/decade 
concentration.The precondition time optimum at 50 minutes with Nernst  factor 64,29 
mV/decade concentration and R2 = 0.9992. 
 
Key words: Ion selective ion (ISE), methanil yellow, precondition time, potensial, nernst factor. 
 
INTRODUCTION 
The food actually plays an important role in nutrient and energy intake for children of school age. 
However, the level of food safety is very alarming. Whereas food safety is a key condition that 
must be possessed by the food manufacturers. Many of misuse of dangerous chemicals by food 
producers of snacks, such as using a preservatives like formalin, borax, dyes like rhodamine B 
(red), methanil yellow (yellow), malachite green (green), tartrazine and an artificial sweeteners 
such as like saccharin and cyclamate. These chemicals were a source of major risk to public 
health, especially the food were not controlled so that its existence was not observed. Therefore, 
to protect consumers, it needs to make a methanil yellow sensor based on potential solution 
measurement (potentiometric ISE). 
Potentiometric as an inexpensive technique used in clinical laboratories, environmental and 
toxicology, and also can be used in the fields of pathophysiology, biotechnology and food testing 
technology (Atikah, 2011) . The advantages of Selective Ion (ISE) are having a high selectivity and 
sensitivity so that generally do not require the separation process. ISE is an electrochemical 
sensor which sensitive toward ion solution activity and characterized by potential changes 
(Bailey, 1976). Resulting an ideal ISE with Nernstian potential response, low detection limit, 
selective and has a long life time, it’s necessary to election the active ingredient and the 
membrane compositio (Ardakani, 2004). This character can be achieved by mikroporus a 
membrane, quite hydrophobic, flexible so it has a large enough conductivity. Guibal, 2004 stated 
that chitosan have characteristics to conduct electricity so that the ISE membrane will have good 
conductivity. Chitosan also has an edge on the side –NH2 which makes an active and polycationic 
so can act as an nanion exchanger. The ability of chitosan as an anion exchanger can be used 
when the process of protonation a pair of electrons from the N atom in the amide group 
converted into RH3N+ amine formation with the addition of a weak acid occurs at an acidic pH so 
it can bind anions by electrostatic bonding. It can be used as a reference so that the binding 
process functional group SO3

- of methanil yellow can take place perfectly in the active group of 
chitosan. 
Using a support materials were to improve the mechanical stability and homogeneity of the 
membrane. Some of supported polymeric materials that can be used in the membrane are 
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polyvinyl chloride (PVC), polyvinyl alcohol (PVA), polyamide, polyether, N-methylol nylon 6, 
polisiklosan and PMMA (Brouillet et al., 2009). PVC is a support material that is widely used in the 
ISE membrane because of the small pores (Lewis, 1997), stable in acidic or alkaline conditions 
(Souza, et al., 2006) and also hydrophobic so did not experience swelling (Sombatsri, 2008). 
The addition of other materials with a lower molecular weight (plasticizer) will change the 
charateristic of rigid PVC into a flexible PVC (Wilkes, 2005). Plasticizer were used should be 
insoluble in water, not volatile and can descending the membrane Tg so can produce a flexible 
membrane. One type of plasticizer that is widely used as a plasticizer of PVC is the DOP. 
Dioktilftalat (DOP) which is an organic compound with a high viscosity (81.4 cp) at a temperature 
of 20oC, DOP plastic containing approximately 1% - 40% and has a large molecular weight (390.56 
g / mol) and insoluble in water (Tehrani, 2010). In addition, making of the membrane is also 
required THF as a solvent (Efendy, 2001). THF tetrahydrofuran is the most polar eter forming, this 
solution is commonly used as a polar solvent. Using THF in the ISE membrane aims to 
homogenize the composition of the ISE membrane. Making of electrode membrane with 
evaporating the THF solvent from the mixture of PVC and electroactive materials which is added 
with a plasticizer. THF has a being polarity and dissolve a wide range of nonpolar and polar 
compounds (Lazo, 2000). 
 
MATERIALS AND METHODS 
Tools and materials 
The equipment required in this research are a potentiometer Fisher Accumet models 955, 
reference electrode, analytical balance, an electric heater, spectrophotometer UV - Vis, FT - IR 
(SHIMADZU), magnetic stirrer, rod magnets (stirrer), stative, appliance glass/plastic commonly 
used in chemical laboratories. 
The materials used in this research are methanil yellow, acetic acid 3 % (v/v), NaOH, H3PO4, 
CH3COONa, NaH2PO4, saline, distilled water, the polymer polyvinylchloride (PVC), plasticizers 
Diocthylftalat (DOP), solvent Tetrahydrofuran (THF). 
 
Procedures 
1. Preparation of the electrode body. 
Eelectrode body (construction) were made from Pt wire with a length of ± 10 cm and a diameter 
of ± 0.5 mm. At both ends ± 1.5 cm was left open and the other part is covered with plastic 
polyethylene, and then washed for 5 minutes to remove mechanical impurities and fat . 
Subsequently, it was rinsed with distilled water and dried with 96 % alcohol. 
2. Preparation of the membrane. 
Membranes were made by using variations of chitosan, DOP and PVC with the composition (in% 
w / w). The total weight of the composition of the mixture membrane material are 1 gram. The 
membrane mixture were dissolved in THF to weight ratio: volume = 1: 3 and stirred with a 
magnetic stirrer for 3 hours to obtain a homogeneous solution 
3. Preparation of ESI methanil yellow coated wire type. 
A forming of membranes solution coating on the Pt wire were done by plunging the Pt wire into a 
membrane solution for a while until a solution of the membrane attached to the Pt wire, 
followed by a drying wire that has been coated with a membrane solution in the open air for 30 
minutes and heating in an oven at 50 ° C for 12 hours and cooled. 
4. The timing of the preconditions 
ISE were preconditioned in a solution of 1 M methanil yellow with time during ranging from 10-
80 minutes with an interval 10 minutes. From the measurement results will be generated curves 
Nernst value on the y axis and precondition times on the x axis. The potential value were 
determined Nernst factors approaching the theoretical Nernst price, ie 59.2 mV / deck. 
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RESULTS 
1. Preparation of ESI methanil yellow . 
 
 
 
 
 

                                                                            
 
 
Figure 1. Construction of ISE Methanil Yellow 
 

2. Optimization of precondition times. 
Table 1. Precondition times for membran ISE 

Concentration 
Potential value at minutes - 

10 20 30 40 50 60 70 80 

1.10
-1

 182,3 132,2 184,1 164,2 144,1 114,9 1 246 

1.10
-2

 298 288,2 272,4 202,3 212,4 222,8 122 261 

1.10
-3

 325,67 320,3 331,8 251,2 276,9 267,9 142 285 

1.10
-4

 350,7 328,2 366,1 346,1 336,9 316,9 175 306 

1.10
-5

 455,6 239,2 339,9 239,1 212,2 292 174 368 

1.10
-6

 444,67 201,6 321,2 262,2 279 239 218 290 

1.10
-7

 536 316,9 326,9 285,3 215,9 295,9 184 250 

1.10
-8

 517 292,8 241,8 221,3 192,2 199,2 184 159 

Nernst factor 53,287 62,01 60,54 59,46 64,29 65,11 24,5 20,4 
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Figure 2. Optimization of immersion time 

 
DISCUSSION 
1. Preparation of ISE methanil yellow. 
ISE methanil yellow design were made by coating the Pt wire with appropriate membrane 
specific composition. The ISE methanil yellow design can be seen in Figure 1. ISE methanil yellow 
design included : 1. Electrodes body made from plastic, 2. Cable RG 58.3 as a connector 
connecting the potentiometer, and 4. The shape of the membrane was coated on the Pt wire. ISE 
methanil yellow design has a simple construction and more efficient so it is suitable for the 
quantitative analysis and routine in the field when compared to other commonly used methods, 
such as thin-layer chromatography and visible spectrophotometry. The analysis process can be 
done more efficiently because it requires only a relatively small sample so it is portable in a way, 
easy to use and inexpensive. 
 
2. Optimization of membrane composition. 
The composition membrane of chitosan : PVC: DOP = 20%: 30%: 50% is the optimum composition 
of several variations that has been done, because it gives Nernst factor f 56.82 mV / deck nearly 
the theoretical Nernst factor is 59.2 mV / deck for monovalent anion. 
 
3. Optimization of precondition time. 
The aim of the precondition time to reduce the resistance of the membrane that is characterized 
by an increase of the membrane conductivity. Precondition time to saturate the membrane with 
the sensored ion. Precondition time is one of the factors that influence the quality  of the ISE 
shown by Nernst factor. One of the most widely used method is to soak the membrane in the 
analyte with high concentrations. This method has the effectiveness due to the precondition 
process, the membrane will be saturated with the ions to be censored, causing the conductivity 
of the membrane becomes uniform and thorough so that would be obtained reproducibility and 
a good life time of the membrane ISE generated. 
Based on the above reasons , the research were done by soaking an ISE in a methanil yellow 
solution with concentration range 1.10-1 – 1.10-8 M with a variation of a certain time. Effect of 
precondition times to Nernst factors is presented in Figure 2 and Table 1. Based on Figure 1 and 
Table 1 can be seen that there are some times at permitted Nernst theoritis ranges from 54.2 to 
64.2 mV / deck (Atikah, 2005) , but at 60-80 minutes, it describe the amount of water included in 
the excessive membrane causing the membrane pores become enlarged , then swelling of the 
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membrane and the membrane sensitivity is reduced and difficult in ion exchange because it was 
blocked by the presence of water . This is why the Nernst factor less than the theoretical value. 
Precondition times which is allowed the Nernst factor criteria at 10 minutes and a maximum at 
60 minutes , but the precondition times closest to the theoretical Nernst factor at the 50 minutes 
with the resulting Nernst factor is 64.29 ( mV / deck ) with R2 value of 0.9992 .  
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ABSTRACT 
The research of methanyl yellow adsorption by humin has been done. The aims of this research 
are to determine pH optimum, contact time, and the adsorption capacity on humin methanyl 
yellow toward. Humin was isolated from peat soil. The pH optimum of methanyl yellow 
adsorption has reached at pH 1 with contact time was 20 minutes. The adsorption capacity of 
adsorbent was 13,513 mg/g.  
 
Key words: adsorption, humin, methanyl yellow 

 
INTRODUCTION 
The rapid using of synthetic dye in various industrial fields causing dye wastewater produced in 
large quantities. Waste disposal dye directly causes a serious problem to the environment 
because it were carcinogenic and toxic. Hazardous waste and high toxicity usually come from 
industrial waste such as the textile industry, the drug industry and the food industry. The textile 
industry which is produced dye wastewater is generally a non-biodegadable organic compounds 
can cause environmental pollution, especially water environment (Vimonses, et al., 2009). 
Several methods have been made to overcome these problems including use microbial 
degradation, chemical oxidation, coagulation, and separation using membrane. However, these 
techniques have several drawbacks and limitations such as a high cost. Adsorption technique is 
an effective alternative solutions in the dye waste treatment process in the aquatic environment. 
This method is an alternative method that was simple and relative lower cost. One of a cheaper 
and plentiful material for adsorption is humin (Gupta, et al., 2006). 
One major source of humin compounds is a peat soil. South Kalimantan is one of the widely 
enough provinces have a large areas of peatlands, one of them at the Banjar Regency, especially 
in Kecamatan Gambut. Peat is a type of soil that naturally contains humic substances as the 
largest component. In chemistry there are three fractions humic compounds, namely humic acid, 
fulvic acid, and humin. The third fraction is a component required by the soil to maintain soil 
fertility (Stevenson, 1982). 
 
MATERIALS AND METHODS 
The materials used as adsorbent was humin from peat soil Gambut, Banjar district South 
Kalimantan. The chemicals with p.a quality has been used in this research were concentrated HCl 
(37  dan ρ  , 9 kg/l (b/v)) E.Merck, concentrated HNO3 (69,5  dan ρ   ,5 kg/l (b/v)), HF (4  , 
ρ  , 3 g/mol) E.Merck, glasial acetic acid Ajax Chemicals, AgNO3 Ajax Chemicals, NaOH E.Merck,  
and methanyl yellow dye. 
 
PROCEDURE 
Extraction of humin from peat soil 
Peat soil were weighed to 500 grams. Peat soil were inserted into a plastic jar and then extracted 
with 5 L of 0.1 N NaOH (comparison between soil with solvent 1:10) for 24 hours. The precipitate 
were an impurity-impurities humin. Humin precipitate were purified by using a mixed solution of 
0.1 M HCl and HF 0.3 M in 1 L, then were shaken with a shaker for 24 hours (3 times). Purification 
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using HF and HCl aims to release humin from impurities inorganic materials such as clay and 
metal. After that, humin were characterized by using an infrared spectrophotometer. 
 
 
 
Determination of the optimum pH of methanyl yellow adsorption on humin  
About 1 gram of humin were weighed and then put into 50 mL 100 ppm methanyl yellow 
solution. Interaction were carry out at various pH of methanyl yellow solution (1, 2, 3, 4, 5, 6, 7, 
8, 9, and 10) by shaken for 1 hour. The mixture were allowed for 24 hours, then the precipitate 
were separated by filter. The obtained filtrate was analyzed using UV-Vis spectrophotometer 
digital 200t at 455 nm wavelength. 
 
Determination of the optimum contact time of methanyl yellow adsorption on humin 
About 1 gram of humin were put in 50 ml 100 ppm methanyl yellow solution. Interaction were 
done at the optimum pH with a variation of the contact time of 5, 10, 15, 20, 30, 45, 60, and 75 
minutes, then filtrate and the precipitate were separated by filter. The filtrate obtained and 
analyzed by UV-Vis spectrophotometer at of 455 nm wavelength. 
 
Determination of the adsorption capacity of methanyl yellow 
About 50 mL methanyl yellow solution with varying concentrations 20, 40, 60, 80 and 100 ppm 
put in a 250 mL Erlenmeyer. Then were added 1 gram of adsorbent humin to each solution and 
shaken for optimum pH and optimum time. The precipitate were separated by filter. The 
obtained filtrate obtained and analyzed using UV-Vis spectrophotometer digital 200t at 455 nm 
wavelength. The determination of adsorption capacity can be obtained by Langmuir equation. 
 
RESULTS 
 
Identification of peat humin by FTIR 

 
Figure 1. FTIR spectra of extracted humin from peat soil 

 
 



 

Proceedings of International Conference on NAMES 2015 | Adsorption of Methanyl Yellow by Humin 177 

 

Determination of optimum pH of methanyl yellow adsorption on humin  
 
Table 1. Determination of pH effect to the percent methanyl yellow adsorption by humin 

pH Co (ppm) Co real (ppm) C ads %ads 

1 100 97.19 97.18 77.58 

2 100 97.20 97.19 62.78 

3 100 97.21 97.20 60.06 

4 100 97.41 97.40 55.37 

5 100 97.36 97.35 52.62 

6 100 97.34 97.34 50.23 

7 100 97.34 97.34 45.79 

8 100 9734 97.34 37.61 

9 100 97.33 97.32 28.96 

10 100 97.32 97.32 26.23 

 
The optimum of contact time determination to the methanyl yellow adsorption on humin 
 
Table 2. Determination of contact time effect to the percent methanyl yellow adsorption by 
humin. 

Contact 
time(min) 

Co (ppm) Co real (ppm) C ads %ads 

5 100 99.78 58.21 58.34 

10 100 99.78 64.86 65.00 

15 100 99.78 66.32 66.46 

20 100 99.78 92.61 92.81 

30 100 99.78 79.86 80.04 

45 100 99.78 78.14 78.31 

60 100 99.78 68.84 69.00 

75 100 99.78 67.64 67.80 

 
Determination of the adsorption capacity of methanyl yellow 
The adsorption capacity of methanyl yellow on humin was calculated using isotherm Langmuir is 
equal to 13.51 mg/g.  
 
DISCUSSION 
NaOH solution were a highly effective for extract ion of humin compound, whereas humin were  
an insoluble in NaOH humin and in the solid phase. The next process were humin purification, 
resulting 131 grams humin from 1500 grams peat soil. The ability of humin to interact with 
methanyl yellow due largely functional groups containing -COOH humin, phenolics, enolate, OH 
alcoholates and -C=O. This characterization were expected as a qualitative indication of the 
humin synthesis through the emergence or change in the absorption characteristics of functional 
groups on the adsorbent or the absorption band shape. IR spectra humin which were interacted 
with methanyl yellow can be seen in Figure 1. 
Absorption  characteristics of humin at wave  number 3425.58 cm-1 shows -OH stretching 
vibration, the wave number 1620.21 cm

-1
 shows the -C=O stretching vibration of the -COOH 
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group, absorption at wave numbers 2924.09 and 2854.65 cm-1 indicate aliphatic CH stretching 
vibration. This is consistent with a  previous studies that the absorption at a wavelength of 
3425.3 cm-1 which shows the -OH stretching vibration, absorption at wave numbers 2920.0 cm-1 
which identifies aliphatic -CH stretching vibration, wave numbers 1608.5 cm

-1
 shows a C=C 

aromatic. In addition, the C=C aromatic was also indicated by the emergence of a weak 
absorption band at wave number around 1508.2 cm-1 and 1512.1 cm-1, absorption at wave 
number of about 1300 cm-1 appears increasingly weak and new absorption at wave number 
1705,0 cm-1 which shows the C=O stretching vibration of the -COOH group. The absorption arises 
as a result of the refining process with HCl/HF where in the process most of the minerals off and 
replaced by H+ ions generated from a solution of HCl/HF to form -COOH (Umaningrum, 2006). 
The degree of acidity (pH) medium of methanyl yellow adsorption on humin were studied by pH 
variations in methanyl yellow solution at pH 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10. Analysis methanyl 
yellow were analyzed by UV-Vis spectrophotometry with the optimum wavelength of 455 nm. 
Results of the analysis of the effect of pH can be seen in Table 1. 
Effect of pH at humin ability to absorb the dye has a close connection with the position of the 
ionic groups function. At acidic pH (pH <7) the concentration of H+ ions is greater than OH- ions, 
whereas at alkaline pH (pH> 7) OH- ion concentration will be greater than H+. This research found 
that methanil yellow were adsorbed on humin at acidic pH and decreased at alkaline pH. N atom 
of methanyl yellow in acidic conditions can undergo protonation. So when the group -COO- or -O- 
of humin surface available, it will occur attraction methanyl yellow electrostatic between the 
positively charged with humin. At an alkaline, Na

+
 in Na

+-
O3S release to be negatively charged

 -
O3S 

and at the same time re-release of H+ ions (deprotonated) attached to the N atom methanyl 
yellow so that the overall negative charge. This form would be difficult to interact with the 
surface of the humin and adsorption decreased. Methanyl yellow adsorption is optimum at pH 1 
amounted to 77.58%. 
Effect of contact time on adsorption were studied using methanyl yellow with a concentration of 
100 ppm, pH optimum adsorption. Variation of contact time used were 5, 10, 15, 30, 45, 60, and 
75 minutes. The relationship of methanyl yellow adsorbed in units % of the time variations that 
can be seen in Table 2. Based on Table 2 the methanyl yellow adsorbed amount increases with 
the length of contact time, then gradually decreases with increasing contact time. The optimum 
adsorption of methanyl yellow on 20 minutes contact time at 92.61%.  
The adsorption capacity of the adsorbent can be determined by observing the pattern of 
adsorption of methanyl yellow with variations of initial concentration. This study  used a variation 
of the initial concentration of 20, 40, 60, 80 and 100 ppm. Adsorption capacity of the adsorbent 
were determined by the equation of Langmuir isotherm and Freundlich isotherm. The the 
Langmuir isotherm models basicly assumed an adsorbate monolayer formation on the outer 
surface of the media. After that did not happen further absorption (Singh, 2006, in Hermana, 
2006). Langmuir explained that the adsorbent surface are the active sites which number were 
proportional to the surface area of the adsorbent (Atkins, 1997), so that when the active sites on 
the surface of the adsorbent has been saturated by methanyl yellow, then the addition of 
concentration is no longer able to increase the adsorption capacity of the adsorbent. Freundlich 
models show the degree of heterogeneity of the surface of the media. Freundlich equation states 
the energy distribution of exponential type adsorption sites more than the type of uniform as 
assumed in the model Langmuir. Freundlich adsorption isotherm occurs physically and tend to 
form multilayer on the surface of the adsorbent. Freundlich equation does not apply if the 
adsorbate concentration is too high. (Cooney, 1999 in Hermana, 2006). The calculation result for 
methanyl yellow K value of 1.104 mg/g and qm amounted to 13.513 mg/g. Methanyl yellow 
adsorption capacity is 13.513 mg/g. 
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CONCLUSION 
Adsorption methanyl yellow optimum occur at pH 1 with a contact time of 20 minutes. The 
adsorption capacity (qm) methanyl yellow on humin was 13.513 mg/g respectively. 
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ABSTRACT 
Geopolitics of Indonesian  as a part of Austronesian’s territory, that the diaspora from 
Madagascar to Easters Island, and from Ha ai’i to Ne  Zealand, the greatest in the  orld, at 
3000-5000 year ago. In Kalimantan, there were 12 sites of human settlement of Austronesian at 
along of the Barito river since protohistorics, including the site  here the discovery Banjar’s boat 
(jukung Tambangan) artifacts was at site of Tample Laras. This research should be improve a 
analysis of artifact archeological based on spectroscopy. The FTIR and XRF were conducted to 
study more functional group of artifacts. Our data shown that IR spectrum was consisting of –OH 
stretching vibration at 3425,58 cm-1, aliphatic C-H stretching vibration in the methyl and 
methylene at 2924,09 cm-1 C=C aromatic ketones at 1627,92 cm-1, C=C stretching vibration in 
lignin at 1512, 19 cm-1, C-H bending vibration in cellulose at 1427,31 cm-1, OH bending vibration 
in lignin at 1318,03cm-1, C-O in lignin at 1056,99 cm-1, and Fe-O in hematite at 478,35 cm-1, 
respectively. The XRF data shown Mg ;Al ;Si; P, K, Ca, Fe; Ti; Cu, In, Eu, Re and Zn. The age of 
Banjar’s boat  as 28  year ago. Based on the data  as suggested that Banjar’s boat artifacts that 
there was since the Sultante of Banjar and that was a useful as tool transportation.  
 
Key word: Austronesian, dating 14C and protohistorics  
 
INTRODUCTION 
Study of archeology chemistry was a distinction. Whereas, it was very useful to recognized the 
origin of a nation, such as the origin of Indonesian nation was 80% Austronesian [Simanjuntak 
dan Asikin, 2004]. The dispersal of this nation was the largest in the world. Oppenheimer (2012) 
explains that the early of human civilization was sailing skills, grow crops (taro, bananas, sweet 
potatoes) and livestock (cattle, poultry, pigs), and southeast asia was potentially as early growth 
of civili ation *Santos, 997+. Cangal and iron  ood are ra  materials for the Banjar’s boat,  hich 
is endemic to Borneo. Indonesia’s dipterocarp rainforest  as highest in the  orld. The mapping 
of pattern dipterocarp shown that 90 % diversity was dipterocarp in Southeast Asia with about 60 
% share in geopolitics Indonesia, 25 % in Malaysia, 10 % in the Philippines and the rest scattered 
in Madagascar, Sri Lanka, South India have, Burma and Indochina [Lechon and Curtet, 1998]. The 
dispersal dipterocarp and Austronesian were congruently. At Barito river, there were 12 sites of 
human settlement of Banjar, including the site where the Banjar’s boat artifacts  as discovery at 
site of temple Laras [Sunarningsih,2012]. The research to artifacts of wooden boat was 
conducted rarely by spectroscopy, except for the analysis of wood with a variety of treatment 
[Anagnost, 1998; Blanchette, 1995; Hon, 1983 and 1984, Pandey and Pitman, 2003; Pandey, 
2004]. In this paper, we discuss a detail radiocarbon dating, FTIR and XRF analysis of the chemical 
changes occurring in the Banjar’s boat artifact from site of Tample Laras.  
 
METHODS AND MATERIALS 
The Fourier Transform Infrared (FTIR) spectra were recorded on Bruker Optic IFS66s/S 
interferometer equipped with an attenuated total reflectance (ATR) unit. The range number 
waves was 650-4000 cm-1

 

and the typical experimental condition utilized a resolution of 4 cm-1, a 
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velocity of 6-10 KHz, a gain of 16x, an apodization Black Harris 3-term, a Mertz phase correction 
and zero filling 2, on a double sided, forward-backward acquisition mode. A KBr beam splitter 
was used for the M-IR source. Subsequently, aliquots of approximately 2 mg artifact were ground 
and pressed into a KBr pellet and the infrared spectra were measured on a Perkin Elmer 
Spectrum One instrument [Barben et. al., 1987]. While XRF (X-ray Fluorescence) was non 
destructive method [Shackley, 2011]. The application advantage was compatibility for analysis of 
distinction artifact as like Banjar’s Boat. The dating 14C of the artifact was performed at Isotope 
Application Lab, Indonesian, National Atomic Agency, Jakarta. 50 gram of the sample was masked 
and reacted with hydrochloric acid (HCl) and heated. The activity of 14C was detected by Liquid 
Scintillation Counter, TRI-CARB 1900TR. The oxalate acid (H2C2O4) SRM 4990-C from National 
Bereau Standart, USA was used for standart. The age was calculated based on standart method. 
Sample used Eusideroxylon zwageri (ulin  ooden) and peg of Banjar’s boat artifact *Libby, 949+.  
 
RESULTS  
Generally, the characterization of wooden artifacts were influenced several aspects, among; 
fungi [Anagnost, 1998; Blanchette, 1995], the irradiation [Hon, 1983 and 1984, Pandey and 
Pitman, 2003; Pandey, 2004+ and the soil profile *Darchuk, 2   +. In this study, Banjar’s boat 
artifacts associated with some aspects of the above. This aspect related to the location of 
archaeological finds was in the open marsh area, Figure 1. Figure 2. The indication, that content 
holoselulosa (lignin, selolosa and hemiselosa ) of artifact (from site of temple Laras and 
Panggadingan) decreased, that it was shawn the overall intensity (A), a band artifact was 
shrinkage significantly, except on band intensity at 532 cm-1

 

increases Fe-O,. Band at 894 (w) as 
CH on glucose and at 1735 (w) cm-1

 

as C = O on lignin, there is not a band in the arftifact. In 
contrast to the reduction intensity holoselulosa on artifacts, the discussion of the role of fungi in 
the IR spectra shift were carried out by Padey and Pitmen (2003) and other researchers 
[Anagnost, 1998; Blanchette, 1995]. At Beech wood (Fogus sylvatica L.) and Scout pine (Pinus 
sylvestaris L.) were inoculated with the fungus Coriolus versicolus, and Coniophora puteana 
impact on increasing lignin content relative to carbohydrates. Wavenumber shift occurred in the 
band (at 1596, 1505, 1330, 1230, and 1122 cm-1

 

in Beech; at 1596, 1511, 1268 and 1220 cm-1
 

in 
pine ) and confirmed by the shrinkage in band intensity of carbohydrate (at 1978, 1375, 1108 and 
898 cm-1). Whereas, phanerochaete chrysosporium for the two bands of wood that have an 
impact on the decrease in lignin content.  

 

 
Figure 1. Banjar’s boat artifact (a),  hite color of fresh ulin  ood (b) and black color from Banjar’s boat (c).  

 
In Table 1. The band at 532 cm-1

 

confirmed the presence of Fe-O (hematite) in the artifact (age 
2807 y.a [23] and 281 y. a). The function of this hematite influenced a yellow or dark color on the 
surface of the artifact wood. Although, the research discoloration of Abies alba wood exposed to 
UV-Vis has been discussed by several researchers [Anagnost, 1998; Blanchette, 1995; Hon, 1983 
and 1984, Pandey and Pitman, 2003; Pandey, 2004]. Wood is good light absorber due to the 
presence of several chromophores, e.g. phenolic, hydroxyl groups, aromatic skeleton, double 
bonds and carbonyl group. The photochemical changes and converted a lignin content become 
some chromophores with carbonyl group, in the range from 1600 to 1670 cm-1. The artifact 
appearance was dark color with a band at 1620 cm-1. Intensity was changeable in the band 1509 
cm-1

 

which confirmed the C = C stretching in aromatic structures in lignin and 897 cm-1
 

on glucose 
rings. The FTIR signal area ratio [A1509/A896] shown the formation crucial of ester on the surface of 
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wooden artifacts. Whereas, the black and yellow natural of color is derived from ocher that has 
been used by prehistoric humans [16]. This color was useful as a base material in the wood 
artifact, stone and cave paintings. The spectra IR in ocher was around at 535 and 470 cm-1

 

as F-O 
(hematite) and Fe-O (goethite ), respectively. The research of historics of Lambung Mangkurat 
based on archeology chemistry have been conducted, e. g., the chronological of artifact was 
crucial that it was a useful for reconstruction of sites of human settlement at along of  

 

 
Figure 1. Region in FTIR spectra at 1900-500 cm 

-1

. Band of E. zwageri (black color) and Banjar’s boat artifact 
from Temple Laras (red color). Table 1. FTIR absorption from spectra obtained for E. zwageri, artifact (2087 
y.a)

23
 and artifact (281 y.a). Wavenumber (cm

-1
) Band assignment  

 

E. zwageri 
Artifact (2087 
y.a )*23 

Artifact (281 
y.a ) # 

Reference 

3410,15 (s, b) 3425,58 (s) 3425,58 (s) 3400-3200 OH stretching (hydrogen bonded) [2] 

2931,80 (s) 
1735 (s) 

2924,09 (s) - 2924,09 (s) - 
3000-2842 
1738-1709 

C-H stretching vibration in metyl and 
methylene [3, 4] C=O stretching in 
lignin and hemicelluloses [3, 4, 6] 

1627,92 (s, b) 
1512 (w) 
1427,32 (w) 
1365 (w) 1265 
(w) 1056,99 
(s) 

1620,21 (s) 
1512 (w) 
1427,32 (w) 
1373 (w) 1226 
(w 1033,85 (s) 

1627,92 (s) 
1512,19(w) 
1427,32 (w) 
1381,03 (w) 
1265,30(w 
1056,99 (s) 

1675-1593 
1515-1500 
1430-1422 
1375-1335 
1270-1266 
1060-1035 

C=C aromatic ketones [3 ,5] C=C 
stretching aromatic in lignin[5] CH 
bending related to structure of 
cellulose [4] C-H deformation 
vibration;O-H bending vibration in 
lignin[4,6]. C-O of guaiacyl unit in lignin 
[4,6] C-H aromatic[6] 

894 (w) - -532,35 (w) -478,35 (w) 
895-800 
535-478 

C-H glucose ring [6] Fe-O Hematite [1] 

y.a (year ago), *from Panggadingan site, # from Temple Laras, s (strong), b (broad), and w (weak); 
1
Darchuk, 

2011; 
2
Owen, 1989; 

3
Pandey and Pitman, 2003; 

4
Hergert, 1989; 

5
Horn, 1971; 

6
Schwanninger, 2004; 

7
Susilo, 

2015  

the Barito river since protohistorics. The Banjar’s boat artifact  as a evidence, tangible culture 
from Temple Laras  
[23] (fig. 2). The data dating 14C shown that the age was 281 year ago, sultan Banjar era. The 
chronological of Banjar’s boat  as conducted by radiocarbon dating (14C) from Museum Lambung 
Mangkurat. The calculated of age by equation (1) [ Libby, 1949], as follows t = 19,035 x 1000 
log[A0]/[At] (1), Where A0 is the standard 14C activity (cpm), At is 14C activity in the samples in time 
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t (cpm), the activity based on decay 14C, the decay constant (λ)  as  9, 35 year-1 /s-1 and t is the 
time (year/s). The calculated in equation (1) with (A0 = 20.84 cpm ) and (At = 17,03 cpm ) was 
obtained in 281 year ago (y.a).The qualitative analysis used XRF, the material composition are Mg 
;Al ;Si; P; K; Ca; Fe; Ti; Cu and Zn. The black colour of artifact wooden have been confirmed as a 
Fe-O on hematite. Based on result, the suggested that there was Temple Laras since prehistoric. 
The construction and material wooden was very impressive. The special wooden of material 
Banjar’s boat  as cangal and ulin (kayu besi) from endemic forest of Kalimantan. The basic skill of 
human prehistoric indicated who have been have a skill as human seafaring or riverman on Barito 
river.  

 
 
CONCLUSION 
The age of Banjar’s boat artifact  as 28  year ago. Where, there  as a changes chemistry at 
band of 1735 (s) cm-1 as C=O stretching in lignin and hemicelluloses, and at 894 (w) cm-1

 

as C-H 
glucose ring. The band of 532,35 (w) cm-1

 

on FTIR and species of Fe on XRF confirmed a Fe-O on 
hematite. A progressive decrease in holocellulose in the Banjar’boat artifact.  
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ABSTRACT 
This study is related  to design and synthesize  of a novel lead compound 1-benzoyl-3-benzylurea 
and the compounds which are subtituted with Cl substituent, as prospective anticancers with 
antiproliferation mechanism. The purpose of this study is to obtain a novel lead compound 1-
benzoyl-3-benzylurea and the compounds which are subtituted with Cl substituent at a different 
posisition.  In order to reach such purpose, the synthesis with nucleopilic substitution  reaction 
and modified Schotten Baumann method was done. Benzylurea as a starting material is reacted 
with the lead and subtituted benzoylchloride reagents (2-Cl, 3-Cl and 4-Cl).  Four compounds are 
yielded from the synthesis, which are  1-benzoyl-3-benzylurea  36%,  1-benzoyl-3-(2-
chlorobenzyl)urea 8%, 1-benzoyl-3-(3-chlorobenzyl)urea 22% and  1-benzoyl-3-(4-
chlorobenzyl)urea 36%. The position of substituent towards the carbonyl group affects the 
compound’s electropilic force. The closer  the substituent  to the carbonyl group, the less  the 
electrophilic force is. Due to the fact that the synthesis yields are relatively low, it is highly 
recommended to do further  optimation in  synthesis to all  of  the lead and substituted 
compounds  1-benzoyl-3-benzylurea as prospective anticancers.   
 
Key words: the lead and substituted compounds 1-benzoyl-3-benzylurea, design, synthesize 

 
INTRODUCTION 
Cancer is a health issue all over the world currently, including in Indonesia. In 2013, the data of 
the World Health Organization, abbreviated as WHO, shows that cancer is in the 2nd place of 
most common cause of death, with cardiovascular as the 1st. In between 2008-2014, the number 
of cancer cases increases from 12.7 million to 14.1 million, followed by the number of death from 
7.6 million in 2008 to 8.2 million in 2014. Based on the Basic Health Research (Riset Kesehatan 
Dasar, abbreviated to Riskedas) by the research and development division of Indonesian 
Republic’s Health Department in 2  7, cancer sits in the 6th place of the biggest cause of death in 
Indonesia. According to the 2013th Riskedas, cancer can strike any person in any ages, regardless 
the economic status and the education status of the person. The national cancer number in 
Indonesia is 1.4 per 1000 citizens, with the higher number on female victims of 5.7 per 1000 
citizens compared to male victims of 2.9 per 1000 citizens.  
In order to control cancer, the Health Ministry has done an effort through risk factor 
management and early detection approach. Besides such approach, efforts of patient medicating 
in hospitals and palliative clinics have also been done. However, all of those efforts will not work 
efficiently without the supports from every related factor, along with every single layer of society 
(www.depkes.go.id). Due to such need, the role of pharmacists as the medication provider is 
essential, as a factual example, in the chemotherapy medication. Chemotherapy is one of the 

mailto:faridasuhud@yahoo.com/faridasuhud@staff.ubaya.ac.id/faridasuhud@ubaya.ac.id
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cancer medication procedures by using anti-cancer drugs to kill or inhibit  the activity of cancer 
cell while it is exercising its fission through various mechanisms.  
Hydroxyurea is an anti-cancer drug which has been used for some decades to medicate some 
types of cancer. This compound dissolves in water which is distributed equally all around the 
body through the body fluids (Saban and Bujak, 2009). The best Ribonucleotide reductase 
inhibitor, abbreviated as RNR, is hydroxyurea, which will be absorbed after oral administration, 
transportation through cells, and activation of RNR enzyme, by tying the radical tyrosil in the 
RNR’s active side.  
Researches regarding the urea derivate have been done many times with urea group as the 
group which influences the anti-cancer activity (pharmacophore). Lokwani et al. (2011) and Lu et 
al. (2012) stated that the group which influences the anti-cancer activity is not solely the urea 
group, but the benzylurea as a whole is the key pharmacophore to inhibit  the tumor cell activity. 
El Sawy et al. (2012) also stated that benzyl moiety has the role in the anti-proliferative activity 
against MCF-7 cultured cancer cell.  
On the basis of the researches which have been done, further development of other urea 
derivate, with the 1-benzoyl-3-benzylurea as the novel lead compound will be done. The 
compound contains the benzylurea as the pharmacophore, which will be developed further in 
order to make more potent anticancer compound. Benzylurea group  and benzyl moiety have the 
role on the anti-proliferative activity so that the further modification will not be on this group, 
but instead, it will be on the benzoyl group  through the physico-chemical properties approach 
with the chloro substituent in various positions (R= 2-Cl, 3-Cl, 4-Cl). 
Furthermore, the substitution of benzoyl group with Cl substituent in the various positions in 
benzylurea N-end position is done through the synthesis of substituted 1-benzoyl-3-benzylurea. 
The substituent was chosen by considering the lipophilic, electronic, and steric properties which 
is influential towards the quantitative structure and activity relationship. The reagents used were 
benzylurea and substituted benzoylchloride with Cl substituent in the ortho, meta, and  para 
positions. A synthesis based on the nucleophilic substitution reaction between benzylurea and 
substituted benzoylchloride is done in this research by referring to the modified Schotten-
Baumann method (Clayden, 2011). The reaction can be seen in Picture 1. Hopefully, the 1-
benzoyl-3-benzylurea structure modification will result a pure synthetic compound with the 
higher anticancer activity compared to hidroxyurea, a derivate urea compound which is still used 
as anticancer drug until now. The synthesis will hopefully result to a novel lead compound and 
substituted  1-benzoyl-3-benzylurea compounds as the prospective anticancer drugs. 
 

                                 
Figure 1.  Benzylurea and   benzoylchloride reaction 
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Materials and Methods 
Materials 
Benzylurea p.s., Tetrahydrofuran p.a., Ethyl acetat p.a., Chloroform p.a., Methanol p.a., Etanol 
p.a., Aceton p.a., Triethylamin p.s., Benzoylchloride  p.s., 4-chloro-benzoylchloride p.s., 3-chloro-
benzoylchloride p.s., 2-chloro-benzoylchloride p.s.  

 
Procedure 
Referring to the modified Schotten-Bauman reaction (Clayden, 2011), in a 200ml round-
bottomed flask, 0.025 mol of benzylurea with 20 ml of tetrahydrofuran and 4 ml of triethylamin 
are mixed. In 5°C temperature, 0.0275 mol of substituted benzoyl chloride solvent is added into 
20 ml tetrahydrofuran little by little while stirring the mixture. Once the substituted benzoyl 
chloride solvent is all mixed, reflux the mixture and observe the mixture by hour with TLC. After 
the reaction is considered to be done (until the benzylurea taint is no longer visible), the solvent 
mixture is evaporated in rotavapor. Furthermore, saturated sodium bicarbonate is added into the 
sediment and then the sediment is filtered using Buchner funnel. After that, the sediment is 
washed 2 times with 50 ml of water. 
The recrystallization is done with hot ethanol. The sediment in the filter paper is moved to the 
beaker glass, and added with ethanol. The beaker glass and the magnetic bar are laid on the hot 
plate with the temperature of 70° to 80°C. While stirring the sediment slowly, hot ethanol is 
added little by little. Moreover, the solvent is filtered in hot condition; the filtrate is laid 
overnight in the temperature from room temperature to cold temperature. The crystal formed by 
such process is filtered using buchner funnel and washed by 10 ml of cold ethanol twice. The 
recrystallization can also be done by using compatible solvent, such as water-acetone. The crystal 
is moved to the petri glass which weigh is known; then, it is dried in the oven with the fixed 
temperature of 50°C. Lastly, the crystal is weighed.  
After these processes, the result of the synthesis is objected to some more processes, which are: 
Organoleptic observation; 
Purity test with TLC  and melting point; 
Determination of the compound’s structure  hich is done by analy ing the spectrum  ith IR 
Spectrometer, C and H Nuclear Magnetic Resonance Spectrometer, and High-Resolution Mass 
Spectrometer. 
 
RESULTS 
Table 1. The synthesis yields, organoleptic observation, and purity test with TLC and melting point 
percentage.  

R 
Organoleptic 
observation 

Melting point 
(˚C) 

yield (%) Rf 

- White needle 
crystal 

78-79 36 0,88 

2-Cl White crystalline 
solid piece 

73-74 8 0,81 

3-Cl White soft crystal 79-80 22 0,79 

4-Cl White soft crystal 86-87 36 0,83 

 
The determination of the lead 1-benzoyl-3-benzylurea and substituted 2-Cl, 3-Cl and 4-Cl 
compounds structure 
 
1-benzoyl-3-benzylurea compound 
Based on the synthesis procedure, the yield is 36 %, white needle crystal, Rf 0,88; MP 78-79 ˚C. IR 
(KBr): υ 1600,1537,1469, 1428 cm1 (C=C),υ 3086,3063,3032 cm -1 (=C-H) , υ  3349 cm -1 (NH), υ 
3304 cm -1 (NH), υ  1692  cm -1   (C=O), 1666 cm -1 (C=O),  υ 2948 cm -1 (CH2). 1H NMR : δ 7,96 ppm 
(d, 2 H, J=7,5Hz)  , δ 7,43 ppm (dd, 2 H, J=7.5 Hz)  , δ 7,56 ppm (t, 1 H, J= 7.5 Hz),  δ  7,35 – 7,29 
ppm ( m, 5H), δ 9,71 ppm (s,1H,br), δ 9,17 ppm (s,1H,br), δ 4,57 ppm, (d, 2H, J= 5.5 Hz).  13C NMR 
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: δ  138,1 ppm, 133,1 ppm, 132,2 ppm, 128,7 ppm, 128,7 ppm, 127,8 ppm, 127,5 ppm, 127,4 ppm 
(C6H5) ; δ  154,6  ppm (C=O) , δ  168,3 ppm  (C=O), δ  43,8 ppm (CH2). HRMS :  C15H14N2O2 [M + 
H]+

calcd
  = 255,1128, while[M + H]+ found = 255,1124. All these spectrum data in line with the 

structure identity of 1-benzoyl-3-benzylurea compound. 

 
1-benzoyl-3-(2-chlorobenzyl)urea compound 
Based on the synthesis procedure, the yield is 8 %, white crystalline solid piece, Rf 0,81; MP 73-74 
˚C. IR (KBr): υ 1592, 1542, 1467, 1430 cm1 (C=C),υ 3110, 3034 cm -1 (=C-H) , υ  3332 cm -1 (NH), υ 
3213 cm -1 (NH), υ  1678  cm -1   (C=O), υ 2940 cm -1 (CH2). 1H NMR : δ 7,59 ppm (d, 1 H, J=7,5Hz)  , 
δ  7,42 – 7,25 ppm ( m, 8H), δ 9,60 ppm (s,1H,br), δ 8,85 ppm (s,1H,br), δ 4,44 ppm, (d, 2H, J= 5.5 
Hz).  13C NMR : δ  137,9 ppm, 133,3 ppm, 132,4 ppm, 131,3 ppm, 130,6 ppm, 129,8 ppm, 128,6 
ppm, 127,7 ppm, 127,5 ppm, 127,0 ppm (C6H5) ; δ  153,8  ppm (C=O), δ  167,7 ppm  (C=O), δ  43,8 
ppm (CH2). HRMS :  C15H14N2O2 [M + H]+ 

calcd = 289,0738, while [M + H]+ found = 289,0743. All these 
spectrum data in line with the structure identity of 1-benzoyl-3-(2-chlorobenzyl)urea compound. 
 
1-benzoyl-3-(3-chlorobenzyl)urea compound 
Based on the synthesis procedure, the yield is 22 %, white soft crystal, Rf 0,79; MP 79-80 ˚C. IR 
(KBr): υ 1561, 1503, 1462, 1425 cm1 (C=C),υ 3071 cm -1 (=C-H) , υ  3301 cm -1 (NH), υ 3232 cm -1 

(NH), υ  1693  cm -1   (C=O),  υ  1671  cm -1   (C=O), υ 2924, 2852   cm -1 (CH2). 1H NMR : δ 8,02 ppm 
(s, 1H), δ 7,91 ppm (d, 1 H, J=8Hz),  δ 7,54 ppm (t, 1 H, J=8Hz), δ 7,69 ppm (d, 1 H, J=8Hz), , δ  7,35 
– 7,25 ppm ( m, 5H), δ 10,91 ppm (s,1H,br), δ 9,01 ppm (s,1H,br), δ 4,45 ppm, (d, 2H, J= 6 Hz).  

13
C 

NMR : δ  141,4 ppm, 139,6 ppm, 138,0 ppm, 131,9 ppm, 130,7 ppm, 129,5 ppm, 129,4 ppm, 
129,0 ppm, 128,8 ppm, 127,5 ppm, 127,4 ppm, 127,2 ppm (C6H5) ; δ  154,8  ppm (C=O), δ  167,4 
ppm  (C=O), δ  43,9 ppm (CH2). HRMS : C15H14N2O2 [M + H]+ 

calcd = 289,0738, while  [M + H]+ found= 
289,0742. All these spectrum data in line with the structure identity of 1-benzoyl-3-(3-
chlorobenzyl)urea compound. 
 
1-benzoyl-3-(4-chlorobenzyl)urea compound 
Based on the synthesis procedure, the yield is 36 %, white soft crystal, Rf 0,83; MP 86-87 ˚C. IR 
(KBr): υ 1594, 1545, 1471, 1433 cm-1 (C=C), υ  3466 cm -1 (NH), υ 3288 cm -1 (NH), υ  1690  cm -1   
(C=O),  υ  1661  cm -1   (C=O), υ 2935 cm -1 (CH2). 1H NMR : δ 7,94 ppm (d, 2 H, J=4,25Hz),  , δ  7,39 
– 7,27 ppm ( m, 7H), δ 9,95 ppm (s, 1H, br), δ 9,17 ppm (s, 1H, br), δ 4,58 ppm, (d, 2H, J= 6 Hz).  
13

C NMR : δ  141,4 ppm, 139,6 ppm, 137,9 ppm, 130,7 ppm, 129,4 ppm, 129,0 ppm, 128,7 ppm, 
127,5 ppm, 127,4 ppm (C6H5) ; δ  154,6  ppm (C=O), δ  167,3 ppm  (C=O), δ  43,8 ppm (CH2). 
HRMS : C15H14N2O2 [M + H]+ 

calcd = 289,0738, while  [M + H]+
found  = 289,0747. All these spectrum 

data in line with the structure identity of 1-benzoyl-3-(4-chlorobenzyl)urea compound. 
 
DISCUSSION  
The yield of the synthesis is purity-tested by TLC and determining the melting point.The structure 
is identified by  the spectrum from IR Spectrometer, 1H-NMR & 13C-NMR spectrometer, and High-
Resolution Mass Spectrometer. One of these various data spectra is also able to document the 
compound’s purity. According to the American Chemical Society in its journal: ”Journal of Organic 
Chemistry”, stated that the [M+H] + 

found  value from the range of 0.003 m/z compared to the 
calculated value of the result is enough to support the identification  of the compound structure 
(http://www.pubs.acs.org/joceah/submission/acc.html). The spectra data of all of the synthetic 
compounds are proven to be suitable for each compound. The difference of the substituent 
position affects the synthesis yield’s percentage. Substituent in ortho position (2-Cl) which is next 
to electrophile (C=O) in the benzoyl chloride reagent turns out to give negative impact causing its 
electrophilic strength decreases to react with nucleophile in benzylurea so that the final yield is 
only 8%. Moreover, the movement of the Cl position to the meta(3-Cl) and para position (4-Cl), 
gradually far from the electrophile, repeatedly increase the yield to 22% and 36% due to the 
decrease of the electronegativity impact towards. The synthetic yield from such process is 

http://www.pubs.acs.org/joceah/submission/acc.html
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relatively low, therefore, it is highly recommended to do further synthesis optimization to all 1-
benzoyl-3-benzylurea lead and substituted compounds as the prospective anticancer drugs.  
 
CONCLUSION  
The closer the Cl substituent position to the carbonyl group causes its electrophilic strength to 
decrease which resulted to the decrease of its ability to react and the relatively lower synthesis 
percentage. Therefore, it is highly recommended to do further synthesis optimization to all 1-
benzoyl-3-benzylurea lead and substituted compounds as the prospective anti-cancer drugs.  
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ABSTRACT 
Biodiesel is one of an environmentally friendly alternative fuels. This study aimed to synthesize 
biodiesel from waste frying oil by the two step catalytic process, esterification of free fatty acids 
using sulfuric acid catalyst and transesterification of trigycerides using CaO catalyst derived from 
blood cockle shells (anadara granosa). CaO catalyst was prepared by coarsely grounded cockle 
shell using a mortar pestle,  dried in an oven at 110 oC for overnight and  calcined at 900 °C for 10 
hours. The optimum conditions of the esterification and transesterification processes was 
evaluated by varying temperature and time of reaction for both processes. The biodiesel 
conversion was analyzed by using GC and the biodiesel chacteristics were analized and the results 
were compared to Standar National for Biodiesel (SNI 04-7183-2006). The maximum yield of 
biodiesel was 80.04% at reaction conditions of H2SO4 catalyst was 3%, the mole ratio of oil: 
methanol was 1:18, temperature was 70oC, and reaction time was 2 hours, and the 
transesterification condition were temperature at 60oC, and reaction time for 3 hours. The 
characteristics of biodiesel were in the range of standar for biodiesel (SNI 04-7183-2006). 
 
Key words: Biodiesel, waste frying oil, esterification, transesterification, CaO heterogeneous 
catalyst 

 
INTRODUCTION 
Biodiesel is an alternative diesel oils which is generally defined as the monoalkyl esters 
(FAME=fatty acid methyl ester) from plant oils or animal fats. Due to the scarcity of availability of 
petroleum-based fuels, this biodiesel gives attract attention because it is produced from 
renewable sources. Moreover, because the content of sulfur and carbon are relatively low so that 
the use of biodiesel can reduce carbon monoxide and sulfur emissions. Unlike petrodiesel that 
produce large emissions of carbon and sulfur-emitting fumes, the use of biodiesel do not cause 
irritation to the eyes. Biodiesel derived from renewable raw materials will reduce the greenhouse 
effect and global warming that is more friendly to the environment. 
Biodiesel is usually obtained from the transesterification reaction between the oil with methanol 
in an alkaline catalyst (Nurhayati, 2009). But the production value is higher than the value 
derived from the production of petroleum-based fuels. To lower the price and make biodiesel 
competitive with petroleum, then the selection of basic materials and catalysts which are 
cheaper to manufacture biodiesel needs into account.  
Waste frying oil (WFO) has the potential in the process of synthesizing biodiesel (Suyin et al. 
2010; Nalan et al. 2008). The use of WFO instead of virgin oil to produce biodiesel is an effective 
way to reduce the raw material cost and help to solve the problem of waste oil disposal. 
However, WFO contains high concentration of free fatty acid (FFA). Besides harmful to health if it 
is consumed, the FFA when reacting with alkaline catalyst will produce soap so that the biodiesel 
production will reduce. Moreover, the soap formed during the reaction prevents glycerol 
separation from biodiesel (Kondamudi et al. 2011) Thus, to increase the yield of biodiesel 
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processed from the oil needs to be done by two stage processes, esterification using an acid 
catalyst and followed by transesterification using base catalyst.  
The esterification reaction is conversion process of free fatty acid into methyl ester. The type 
catalysts often used in the esterification process is derived from strong acids, such as H2SO4 
(Marchetti and Errazu 2008) Esterification reaction using a homogeneous acid catalyst has the 
advantage that high activity and selectivity. Transesterification is the reaction process by means 
of which triglyceride molecules present in animal fats or vegetable oils react with an alcohol, 
usually methanol in the presence of a catalyst to form esters (fatty acid methyl esters = FAME) 
and glycerol (Empikul et al. 2010; Birla et al. 2012) 
From various alkaline solid catalyst that has been used for the synthesis of biodiesel (Leung et al. 
2010; Peng et al. 2011), CaO has been investigated have high activity in the transesterification of 
triglycerides with alcohol (Peng et al. 2011; Fanny et al. 2012). The use of CaO catalyst for 
biodiesel synthesis besides not too toxic, the potential for the formation of soap is also very small 
compared to using base catalyst, i.e NaOH or KOH (Lee et al. 2009). Blood cockle (Anadara 
granosa) shells have a good potential to be used as heterogeneous catalysts in the manufacture 
of biodiesel because it contains calcium carbonate (CaCO3) that will decompose to CaO at high 
temperature (>800oC) (Birla et al. 2011; Nurhayati et al. 2013)  
Previous work was sintesized biodiesel from WFO by two stages process, esterification followed 
by transesterification by studiyng the effect of catalyst weight (H2SO4) and ratio molar oil to 
methanol in the esterification stage (Sartika et al. 2015). The maksimum yield of biodiesel found 
was 70.35% using 3 g of catalyst (H2SO4) and ratio molar oil to methanol was 1:18, while the 
condition for transesterification was fixed. This biodiesel result was still low and it could be 
increased by varying the transesterification process. 
The aim of this study is the synthesis of biodiesel from WFO with a variety of conditions at the 
stage of esterification and transesterification, in order to obtain the optimum conditions 
biodiesel production. Physico-chemical properties of biodiesel produced were characterized and 
the results will be compared to the SNI standard biodiesel. 
 
MATERIAL AND METHODS 
Materials 
WFO samples were collected from households and cafeteria near campus, all of which were then 
homogeneously mixed. The oil was filtered out to remove small food particle and then it was 
heated to remove its moisture. Before sintesis biodiesel, FFA and water content was measured. 
Blood cockle shells were collected from cafetaria. The chemicals used in this study were 
methanol (99.8% purity, Sigma Aldrich), potassium hydroxide (KOH) solution prepared to 0.1 N 
using KOH pellets (99.99% purity, Sigma Aldrich), iso-propanol (99% purity, Merck), 
phenolphthalein indicator, potassium hydrogen pthalat, sulfuric acid (98%) as acid catalyst and 
distilled water. All the chemicals and reagents were of analytical grade. 
 
Preparation of CaO catalysts 
CaO used in this study comes from the shells waste of blood cockle (anadara granosa). Blood 
clam shells was cleaned using water to remove dirt and sand that remains. Then, the shells was 
washed using distilled water until clean, coarsely grounded and dried in an oven at a temperature 
of 110 oC over night and  calcined at a temperature of 900 °C for 10 hours.  
 
Synthesis Biodiesel 
Esterification and transesterification reactions were performed in a three-necked batch reactor 
500 ml equipped with a thermometer and a reflux condenser. Esterification reactions were 
carried out in the temperature range of 60–75oC and reaction time from 1-4 h. 100 g of WCO was 
heated at a temperature of 105oC for ± 1 hour while stirring in a three-neck flask, then the 
temperature of the oil was lowered to 50oC. 3 g of H2SO4 (99.8%) catalyst and methanol (molar 
ratio of oil to methanol was 1:18) were added into the flask. The mixture was refluxed at a 
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temperature and time specified. After the esterification reaction, the flask was dipped into cold 
water, and then the mixture was put into a separator funnel and washed with warm water. 
Washing water at bottom part of separating funnel was discharded and the upper part was 
inserted into the three-neck flask for transesterification process.  
While the esterification reaction took place, a mixture of 4.0 g of CaO catalyst from blood cockle 
shells and methanol (molar ratio oil:methanol was 1:6) was stirred by magnetic stirrer for 30 min. 
The oil results after esterification was heated above the boiling point of water at a temperature 
of 105oC for ± 1 hour. After lowering temperature to 50oC, the mixture of CaO catalyst and 
methanol was added in to the flask and stirred for 3 hours and the reaction temperature of 60°C. 
After the reaction completed, the flask was dipped into cold water, and then the mixture was put 
into a separator funnel and kept at room temperature overnight so that it will form two layers. 
The next day, the glycerol was removed from the separator funnel. Crude biodiesel was formed, 
collected and washed with warm water. Yield of biodiesel was calculated according to equation 
below:        

       
                         

                  
         

RESULTS  
FFA analysis of WFO 
Free fatty acid (FFA) contained in WFO was determined by titrating WFO with KOH solution using 
phenolphthalein indicator and the result was 4.25%. After esterification the FFA reduced to 
0.68% (reduced around 84%). It believed that during esterification the FFA converted to methyl 
ester using methanol and acid catalyst. 
 
Biodiesel yield 
reaction temperature and time of the esterification and transesterification reaction on biodiesel 
yield were performed, and the result can be seen in Figure 1.  
 

   
(b).  
 Figure 1. Graphs the effect of temperature (a) and reaction time (b) in the esterification ( ) and 
transeserification ( ) reaction on biodiesel yield. 

 
Characteristics biodiesel 
Table 1. Characteristic of Biodiesel and comparison with the SNI Biodiesel (SNI-04-7182-2006) 

No Parameter Characteristic Biodiesel this study SNI Biodiesel 

1 Water content (%v) 0,046 Max. 0,05 

2 Density at 40
o
C (kg/m

3
) 876 850-890 

3 Viskosity at 40
o
C (mm

2
/s) 4,590 2,3-6,0 

4 Flash point (
o
C) 218 Min. 100 

6 Acid number (mg KOH/g) 0,142 Maks. 0,8 

9 Cetane number 54,60 Min. 51 
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DISCUSSION 
Optimization esterification Stage 
Variables that affect the yield of biodiesel results during the biodiesel esterification process are 
weight of catalyst (H2SO4), molar ratio of oil to methanol, reaction temperature and reaction 
time. This study will find the temperature and time of reaction optimum in the esterification 
stage in order to obtain maximum biodiesel yield for the esterification stage. The influence of the 
reaction temperature on the biodiesel yield was carried out using the optimum conditions which 
have been obtained by the weight of 3 grams of catalyst, the mole ratio of oil : methanol 1:18.  
Variation of the reaction temperature used here was 60, 65, 70 and 75oC and the results of the 
study can be seen in Figure 1 (a). It can be seen from the graph that the optimum temperature of 
the esterification reaction in this research was at 70oC, with the yield of biodiesel was 70.35 %. It 
is clear that the higher the reaction temperature, then the greater the conversion of methyl 
ester. This happens because as the temperature increases, the collision between particles 
became larger so that the reaction will be faster and the reaction constants be greater. 
Effect of reaction time in the esterification stage was performed using the optimum conditions 
that have been obtained from previous experiments (weight of acid catalyst 3 g, the mole ratio of 
oil to methanol 1:18, and the reaction temperature 70oC). Figure 1 (b) shows effect reaction time 
of esterification on biodiesel yield. During the period of 1 to 2 hours the reaction conversion 
results continue to rise, but at 3 and 4 hours of reaction the conversion declined. This is because 
the reaction equilibrium is reached within approximately 2 hours and that a longer time than it 
would not be beneficial, because it does not increase results. 
 
Optimation of Transestrification Stage 
Transeterification stage was performed directly after the esterification stage finish. In this study, 
the weight of the catalyst of shells blood cockle (Anadara granosa) was 3 % (w/w), with a mole 
ratio of oil to methanol was 1 : 6.  Temperature variations reaction used for the synthesis of 
biodiesel was 50, 55, 60 and 65 oC. As the temperature increased, the yield of biodiesel also 
increased until maximum biodiesel yield (80.04%) at a temperature of 60oC.  The increase in 
temperature afterward does not increase the acquisition of biodiesel but will decrease biodiesel 
results by 53.17 % (Figure 1a ) . This is because when temperature is too high, it can lead to 
evaporate or loss of methanol in which the range of the boiling point of methanol at a 
temperature of 64.5 oC. If the reaction temperature used less or in excess of the normal boiling 
point of methanol, then the biodiesel produced will be low. According Prihandana et al. (2006 ), 
the reaction temperature is maintained at a temperature around the boiling point of methanol ( 
64.5 oC ), if the temperature < 50 oC will lead to high viscosity of biodiesel  
In addition to reaction temperature, the effect of reaction time on the biodiesel yield was also 
studied. The reaction time studied were 1, 2, 3 and 4 hours. Biodiesel optimum results obtained 
with a reaction time of 3 hours is equal to 80.04 % with a weight condition the catalyst was 3 % 
(w/w), reaction temperature of 60 °C , and the mole ratio of oil / methanol 1 : 6 (Figure 1.b). 
Biodiesel maximum result was obtained at the reaction time of 3 hours and a decline for a longer 
time. According Huaping et al. (2006) reaction time is too long will result in the formation of 
glycerol and emulsions in the product, thereby increasing the viscosity and affect the yield of 
biodiesel. In the early stages of the transesterification reaction, biodiesel production was fast, 
and then the speed decreased and eventually reached equilibrium in approximately 3 hours. This 
can be explained that the transesterification reaction between the oil and the alcohol is 
reversible, when the reaction time is quite long. 
 
CONCLUSION  
Based on the research results, it can be concluded that the maximum biodiesel yield in this study 
was 80.04% that was gained on the condition of esterification reaction at temperature of 70 °C, 
and a reaction time of 2 hours using a sulfuric acid catalyt, and transesterification temperature of 
60 °C, with a reaction time of 3 hours using catalyst of anadara granosa shell. Characteristics of 
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biodiesel obtained were water content 0.046, density value 876 kg/m3, viscosity 4.59 mm2/s , 
flash point 218oC, acid number 0.142 mg KOH/g, and cetane number 54.60. All the values 
obtained were within the range of values biodiesel standards set by SNI-04-7182-2006. 
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ABSTRACT 
The main objective of this study is to investigate the effects of sintering temperature on the 
porosity and permeability properties of soil clay-based mesoporous ceramic filter. The ulin wood 
(Eusideroxylon zwageri) sawdust was used as porogen and natural soil clay obtained from 
Nagara, south Kalimantan, Indonesia was used as raw material. A composite mixture of this dried 
sawdust and the processed clay was added with a little addition of water for plasticity. Samples 
of rectangular dimensions were then produced from the moulding by the process of compaction 

with a hand pressure. The samples were dried in oven at 130 C for 3 hours, burned in a furnace 

at 500 C for 3 hours, and sintered at 800, 850, and 900 C for 5 hours. Properties which include 
porosity and permeability were obtained by the appropriate standard test methods. The 
microstructures of the fired samples were characterized with a digital microscopy. Based on the 
average of pores diameter, the samples can be categorized as a mesoporous material. The results 
show that the sintering temperature variation did not affect the apparent porosity, average pore 
size, and total pores volume significantly, but it has been determined that the sample prepared at 

800 C possessed higher permeability than that prepared at higher sintering temperature. It also 
can be observed that reference sample (without porogen) has lower apparent porosity and 
permeability than samples added with ulin wood sawdust. 
 
Key words: mesoporous, ceramic, filter, clay, sawdust. 

 
INTRODUCTION 
Porous ceramics have been paid attention due to its valuable application for bio-ceramics, 
catalyst supports, hot gases filter, liquid food production, sensors, and membrane reactors (Liu et 
al, 2001). Nowadays, even though the use of organic polymer filters is highly developed, porous 
ceramic filters present a number of advantages, such as higher thermal stability, chemical and 
mechanical resistances compared with  the polymeric ones. However, porous ceramic flters 
fabrication still remains highly expensive from a technical and economic point of view due to the 
use of expensive powders such as alumina, zirconia, titania and silica. Recently, the development 
of low cost porous ceramic filters based on natural materials such as clays appeared as a good 
alternative raw material (Belibi et al, 2015).  
In general, the porous ceramics filters are prepared by mixing natural clay as raw material and a 
combustible materials, like sawdust, as porogens. When mixture are fired, sawdust burns out 
leaving tiny pores that provide the first line of defense in water treatment. If pores are larger, 
water flow faster, while smaller pores lead to slower flow rates of water. Therefore, the pore and 
flow rate of the filters can vary depending on the size of the combustible particles. It was 
hypothesized that larger particles of combustible material would create larger pores resulting in a 
faster flow rate. There is evidence from a ceramic pot filter factories on successful use of rice 
husks and flour as the combustible material. Some other burnout materials that has been 
investigated were milled millet, peanut husks, paper, rice husks and coffee husks (Klarman, 
2009). This study chose to experiment with substituting ulin wood sawdust for that combustible 
materials because this material was locally available in abundance on South Kalimantan, 
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Indonesia. Our preliminary study showed that the remained ash content after burning of the ulin 
sawdust was lower than that rice husk. Although the the remained ash content of the others 
combustible materials, such as filter paper Whatman®, meranti wood, and coconut fibre, were as 
lower as that ulin sawdust, the size of these materials was difficult to be homogenized. 
However, it is possible that sintering temperature could have an effect on pore size. It has been 
reported that a clay based-ceramic membrane porosity was found to decrease (44-30%) with 

increasing of sintering temperatures (800-950 C) (Anandkumar et al, 2014). Silva et al (2014) 
have reported that the increase in sintering temperature of a clay membranes has raised the 
average pores diameter from 0.116 to 0.179 𝜇m but decreased the porosity of the membrane, 

from 40.30 to 25.16% for temperatures from 900 to 1100 C, respectively.  
According to this context, the aim of this work is to obtain a porous ceramic filter using locally 
available soil clay material as raw material and ulin wood (Eusideroxylon zwageri) sawdust as 
porogen. The pore characteristics of the filters were investigated for various sintering 

temperatures (800, 850, and 900 C). Flow rate was also evaluated by measuring the 
permeability of the filters.   

 
MATERIALS AND METHODS 
Natural clay raw material used in this study was obtained from the pottery-making area of 
Nagara, South Kalimantan, Indonesia. That area has traditionally been an important place for the 
production of potters. The sawdust from locally available ulin wood (Eusideroxylon zwageri) was 
used as porogen. A composite mixture of this dried sawdust (60 mesh) and the processed clay 
(120 mesh) was added with a little addition of water for plasticity. The specimens with 22.22% 
(w/w) sawdust additions were made using a rectangular mould by hand shaping, moulding, and 

hand pressing. The samples obtained with these shaping techniques were about 83 mm  58 mm 

× 5 mm rectangular bars. After having been formed, the mixture were dried in oven at 130 C for 

3 hours, burned in a furnace at 500 C for 3 hours, and sintered at 800, 850, and 900 C for 5 
hours. In the present investigations an attempt has been made to understand the relation 
between the sintering process and the resultant properties, such as porosity, pore size, and 
permeability. 
Apparent porosity was measured by the water immersion method. The experimental procedure 
involved in the measurement of the volume of the wetting liquid that displaced air in a dry filter 
after equilibrating the filter with water for 24 hours. Total porosity (%P) of the filter was 
calculated using the following equations (Mulder, 1991): 

   ⦋(     )       

  
⦌       (1) 

where, vt is volume of the filters in wet state (cm3), mw is weight of filters in wet condition (g), md 
is weight of filters in dry condition (g), and ρwater is water density (gr/cm3). 
The average pore size and distribution of the pore size, as well as the pore volume, were 
determined by nitrogen adsorption measurement at 77K that was carried out on an AUTOSORB 
version 2.2. (Quantachrome). 
The permeability to water flow of ceramic filters were performed in the same rectangular 
samples as those performed in the apparent porosity test. Permeability was measured on 
samples to get a real water flow value under gravitational force without an external pressure or 
vacuum. The permeability was calculated using the following equations: 

  
 

    
 (2)  

Where V (mL) is the volume of the collected permeate during the interval of time Δt (min) 
through a permeable area of porous support S (cm2) (Belibi et al, 2015). 
 
RESULTS 
In this study, main research focused on investigating the effects of sintering temperature on the 
porosity and permeability properties of soil clay-based porous ceramic filter. This was a 
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laboratory-scale experimental research study. Knowing these relationships will aid in searching 
the optimum sintering temperature for manufacturing a ceramic filter. 
Figure 1 shows the weight loss of porogen after burning the three specimens (clay with additions 

of 22.22% weight sawdust) at 500 C for 3 hours in comparison with weight loss of clay (without 
porogen) after burning at same condition. The average weight loss of specimens is 25.26%, 
whereas weight loss of clay is only 5.36%. It reveals that the porogen mass contained in the 
specimens get lost its weight about 19.90%.   
 

 
 
Figure 1. Weight loss of porogen (A, B, and C) and clay after burning treatment at 500 C for 3 hours. 

 
Figure 2. Shows the apparent porosity of the specimens sintered at different temperatures (800, 

850, and 900 C for 5 hours). It shows that with increasing the sintering temperature from 800 to 

900 C did not cange the apparent porosity significantly. It indicated that sintering temperature 
variation in this range did not affect the apparent porosity. Figure2 shows also that the apparent 
porosity of the sintered specimens is higher than the apparent porosity of clay (wihout porogen 
addition). It reveals the role of porogen addition on increasing of the porosity.   
 

 
Figure 2. The apparent porosity of speciments sintered at 800, 850, and 900 C for 5 hours in comparison 
with the apparent porosity of clay sintered at 850 for 5 hours. 

 
The average pore diameter and the total pores volume of the speciments sintered at 800, 850, 

and 900 C that were determined by nitrogen adsorption measurement are shown in Table 1. 
These average pore diameter value are in the mesopores type, indicates that all this ceramic filter 
can be categorized as a mesoporous filter. The value of the average pore diameter and total 

pores volume of speciments sintered at 800, 850, and 900 C are quite close, indicate that the 
sintering temperature variation did not affect the average pore size and total pores volume 
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significantly. However, the average pore diameter and the total pores volume of the clay sample 

(without porogen addition) sintered at 850 C are 155.06 and 0.09699 cc/g, respectively, lower 

that speciment sintered at 850 C. Again, these data indicate the role of porogen in enhancing 
the pore size of mesoporous filter sample. 
 
Table 1. The average pore diameter and the total pores volume of the speciments sintered at 800, 850, and 

900 C  

Sintering temperature (C) 
Average pore diameter Total pores 

volume (cc/g) (Ǻ) m 

800 168.96 0.01690 0.1415 

850 198.06 0.01981 0.1140 

900 159.64 0.01596 0.1345 

850 (clay) 155.06 0.01551 0.09699 

 
Potters for Peace (PFP),  a United States based non governmental organization (NGO) that began 
manufacturing and distributing ceramic water filters in more than 20 countries in 1999, has 

suggested that the effective pore size should be 1 m (Klarman, 2009). The expectation is that 
ceramic filters will remove both bacteria and protozoa from effluent water through its main 
mechanism of trapping particles that are larger than the pores (Hagan et al. 2009). Bacteria can 

range in size from 0.30 to 100 m, and most are greater than 1 m. Protozoa can range from 8 to 

100 m in size. So a pore size of 1 m should be sufficient to exclude most bacteria and protozoa 
from passing through the filter membrane. However, the smaller the pore size of these filters, it 
may reduce the water flow rate (Klarman, 2009). However, in this study, the filters had an 

average pore size of 0.0155-0.0198 m. These filters are probably possesses a lower water flow 

rate, as discussed in the description of Figure 7. 
Figure 3 shows the photograph of a sintered clay, whreres Figure 4, Figure 5, and Fig 6 show the 

photograph of the speciment sintered at 800, 850, and 900 C. Without porogen addition, the 
clay sample has more condesed structure than clay added with porogen. Although the sintering 
temperature variation does not affect the morphology structure significantly, but it can been 
seen clearly that there is a significant morphology structure difference between clay without and 
with addition of porogen. 

 

  
Figure 3. The photograph of a clay sintered at 850 C (40 magnification): top surface (left) and cross 
section (right). 
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Figure 4. The photograph of a speciment sintered at 800 C (40 magnification): top surface (left) and cross 
section (right). 
 

  
Figure 5. The photograph of a speciment sintered at 850 C (40 magnification): top surface (left) and cross 
section (right). 

 

  
Figure 6. The photograph of a speciment sintered at 900 C (40 magnification): top surface (left) and cross 
section (right). 

 
Figure 7 shows the variation of water filtration flow rates with sintering temperatures. It can be 
seen that without porogen addition, there is no water can permeate the clay filter at the range 
time (30-120 minutes). In the other hand, Figure7 shows clearly that volume of water permeated 

the speciment prepared at 800 C is higher than that volume of water permeated the speciment 

prepared at 850 and 900 C. Flow rate is an important factor to be considered in determining the 
performance of ceramic water filter. Higher flow rate indicates higher permeability. Thus, these 

data indicate that the speciment filter prepared at 800 C possesses higher permeability than 

that prepared at higher sintering temperature (850 and 900 C).  
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Figure 7. The water volume permeated the speciments sintered at 800, 850, and 900 C for 5 hours in 
comparison with the water volume permeated the clay sintered at 850 for 5 hours. 

Flow rate is also dependent on pore characteristics. The larger and more connected the pores, 
the easier it is for water to flow through the filter. Adjusting pore size, will affect both flow rate. 
Filter design variables, that are pore related and could potentially be manipulated to affect flow 
rate include the type of combustible material, the amount of time the clay/combustible material 
is mixed, the thickness of the filters, the size of combustible material particles, and the 
proportion of combustible material to clay (Klarman, 2009). However, all the samples discussed 
here were prepared under the same conditions except for the sintering temperatures. Hence, we 
can assume that the difference of flow rate properties only results from the change of sintering 
temperatures. Condering that the PFP filter design aims for a pore si e of   μm,  hich is expected 
to have a flow rate between 1-2 liter/hour (Klarman, 2009), it is reasonable that the average 

diameter of these filter is about 0.01-0.02 m which is expected to have a flow rate between 
0.01-0.02 liter/hour. 
Figure 8 shows the variation of filter permeability with sintering temperatures. It can also be seen 
that without porogen addition, the permeability of clay filter is zero. It can be seen also that 

permeability of the speciment prepared at 800 C is higher than permeability of the speciment 

prepared at 850 and 900 C.  
 

 
Figure 8. The permeability of speciments sintered at 800, 850, and 900 C for 5 hours in comparison with 
the permeability of clay sintered at 850 for 5 hours. 
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The permeability of a porous solid is one of the most important parameters in applications 
involving filtration. Ideally, a filter should be able to remove the maximum of impurities with a 
minimum of resistance to flow. According to Innocentini et al (1998), the latter can be achieved 
by increasing either the void volume (porosity) or the fluid passage (pore size) within the 
structure. Both options, however, cause a decrease in the mechanical strength of the filter. 
Therefore, the optimization of the relationship permeability/mechanical strength depends on the 
ideal combination of pore size and porosity. However, for most types of porous solids, porosity 
and pore size are complexly related to each other and it is extremely difficult to isolate their 
influence on the aerodynamic and mechanical properties of filters. The present work shows that 
the sintering temperature variation did not affect the apparent porosity, average pore size, and 

total pores volume significantly, but it has been determined that the sample prepared at 800 C 

possesses higher permeability than that prepared at  850 and 900 C. This result is in agreement 
with the discussion presented by Innocentini et al (1998), that it is extremely difficult to isolate 
the influence of porosity and pore size on the permeability properties of filters. Because the easy 
of water to flow through the filter is not only depend on the size of pores, but also on the amount 
of connected pores, it is probable that variation of permeability of these filters related to the 
amount of connected pores. Based on this result, it is necessary to determine the amount of 
connected the pores in the future study.  
 

CONCLUSIONS  
The effects of sintering temperature on the porosity and permeability properties of soil clay-
based mesoporous ceramic filter were reported. The filter synthesized by a simple mixing 
processes using the ulin wood sawdust as porogen and natural soil clay obtained from Nagara, 
south Kalimantan, Indonesia as raw material. Based on the average of pores diameter, the 
samples can be categorized as a mesoporous material. The results show that the sintering 
temperature variation did not affect the apparent porosity, average pore size, and total pores 

volume significantly, but it has been determined that the sample prepared at 800 C possessed 
higher permeability than that prepared at higher sintering temperature. It also can be observed 
that reference sample (without porogen) has lower apparent porosity and permeability than 
samples added with ulin wood sawdust. These preliminary development and laboratory test 
results of the clay-based mesoporous ceramic filter showed promising results, but more research 
is required to make the filters applicable at larger scale. 
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ABSTRACT  
Fly ash can be used as adsorbent, because it is cheap and effective to absorb the waste in the 
aquatic environment. In addition, fly ash has a main component in the form of silica (SiO2), 
alumina (Al2O3), iron oxide (Fe2O3) and a number of unburned carbon, this component has an 
important role in the adsorption process. Fly ash is inexpensive adsorbent, efficient, simple 
preparation, easy to operate and can be used to absorp heavy metal ions. Pure fly ash was used 
to adsorb Hg and Pb in aqueous solution, but the adsorption capacity for Hg quite low at 17%. Fly 
ash dust cannot be applied in the adsorption column because after a while it will form an 
impermeable solids. In a stirred tank will also result in problems with the fly ash material 
separation of the solution, so that the use of fly ash pellets in the adsorption column will not 
cause problems and waste water can easily seep into the column containing the pellets without 
the risk of clogged. In addition, the use of fly ash dust can change the pH of the waste water and 
become strong alkaline with a pH of more than 11 after the wastewater treated. The use of fly 
ash pellets only change slightly the pH of wastewater after treatment is not more than pH 8 and 
is still within the permissible limits. In this study,  fly ash was applied as adsorbent of Hg2+ in the 
form of fly ash composite pellet-chitosan cross linked with glutaraldehyde. 
 
Key words: chitosan, fly ash, FTIR, Hg 
 
INTRODUCTION  
Coal combustion generated much kind of byproducts including  fly ash (Yao, et al. 2014). The 
process of coal combustion generated by Steam Power (power plant), currently including in 
Indonesia, the amount of fly ash produced is very large. Major industries which have the power 
plant itself also produce fly ash from the use of coal as fuel. But the utilization of coal combustion 
are not offset by the processing of fly ash which is still quite low at 15% of the amount produced 
(Blin et al. 2001), thus forming a pile of fly ash.  
Fly ash can be used and utilized as an adsorbent, because it is cheap and effective way to absorb 
the waste in the aquatic environment (Ramadan, et al., 2010). In addition to the fly ash has a 
major component in the form of silica (SiO 2), alumina (Al 2 O 3), iron oxide (Fe 2 O 3) and the amount 
of unburned carbon, these components have an important role in the adsorption process (Wang 
and Wu, 2006).  
According to Papandreou et al. (2007), which resembles a fly ash dust cannot be applied to 
adsorption column because after a while will be formed solids impermeable. In a stirred tank will 
also result in problems with the fly ash material separation of the solution, so that the use of fly 
ash pellets in the adsorption column will not cause problems and waste water can easily seep 
into the column containing the pellets without the risk of blockage. In addition, the use of fly ash 
dust can alter the pH of the wastewater and become strong alkaline with a pH of more than 11 
after the wastewater treated. The use of fly ash pellets only change slightly the pH of wastewater 
after treatment is not more than pH 8 and is still within the permissible limits.  
Chitosan is a biopolymer of D-glucosamine produced from the chitin deacetylation using strong 
alkalis. The uses of chitosan often utilize crosslinking to modify the chemical structure and 
texture by binding to the amine or hydroxyl (Poona, et al. 2014). Chitosan is a membrane that 
can be bonded with glutaraldehyde cross the amino group (-NH 2). Crosslinking occurs can form 
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pores that can enhance the adsorption properties. Pores formed in the membrane of chitosan 
will be the immobilization of fly ash (fly ash) (Gu et al. 2001). Chitosan is often used as a co-
polymer for the adsorption process.  
Hg is a heavy metal which is carcinogenic and potentially threatens human health at very low 
concentrations. Some data have shown that mercury can cause brain damage, disorders of the 
liver, kidneys, gastrointestinal tract and central nervous system and is toxic to cells by binding to 
the intracellular sulfhydryl groups (Inbaraj, et al., 2009). The maximum limits of ionic Hg levels in 
drinking water of 2.0 mg L-1 and the total ion Hg permitted waste of 10.0 mg L-1 (Kumar et al. 
2013).  
This research aims to make the adsorbent in the form of pellets in the form of granules from fly 
ash by means composited chitosan cross linked with glutaraldehyde and try to lower the 
concentration of Hg in solution with an adsorbent.  
 
MATERIALS AND METHODS 
Materials 
The materials used in this study is fly ash coal, chitosan (Industrial Grade) from shrimp shells 
obtained from Biotech Surindo, Glutaraldehyde 25% of Merck, Oxalic Acid (H2C2O4  )), sulfuric acid 
(H2SO4), Hydrochloric Acid (HCl), sodium hydroxide (NaOH), Mercury Sulfate (HgSO4) and distilled 
water.  
 
2. Procedures  
2.1. Fly Ash modification with Chitosan  
Put 2 g of fly ash into 20 mL chitosan gel while stirring using a magnetic stirrer at room 
temperature then the composite formed is taken using a pipette dropwise into a solution of 
NaOH 2N, it performed until the solution runs out in order to obtain granules.  
Then the granules were separated from NaOH solution and soaked for 24 hours in a solution of 
2% glutaraldehyde. After 24 hours, the granules filtered and washed with distilled water until the 
pH of the solution became neutral. Then the granules are dried in an oven for 24 hours at a 
temperature of 60-70 °C. 
 
2.2.Treating wastewater contain Hg2+ with fly ash-chitosan granules  
Prepare 100 mL  HgSO4  

 solution,add fly ash-chitosan  granules. Then put each of these 
erlenmeyer in shaker, set the corresponding variable speed shaker and adsorption time of 60 
minutes. After the adsorption process is completed followed by a process of filtration and the 
filtrate was analyzed using Atomic Absorption Spectroscopy (AAS)  
2.3.  Calculation cations absorbed by the fly ash granules and adsorption capacity  
The amount of metal ions that are absorbed by the fly ash granules during batch adsorption 
processes is determined by the following equation:  

                  6
(     )

  

7       

Where: C o and C f are the initial concentration and concentration after adsorption time (60 
minutes) in ppm Hg metal ions in solution.  
Adsorption capacity of adsorbent fly ash-chitosan granules  is determined by the following 
equation:  

   
(     ) 

 
 

 
Where: V is the volume of solution and m is the mass of adsorbent added  
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RESULTS  
Characterization of fly ash before modification 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. FT-IR spectra of fly ash chemical activation (not modified) 
 
 
Characterization of modified fly ash  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. FT-IR spectra crosslinked composite pellets (modified fly ash) 

 
Table 1. Hg adsorbed ion concentration in a solution by the composite pellets fly ash-chitosan  

 

Co Ca Ce qe Ce/qe log qe log Ce 

0.0296 0.0223 0.0073 1.1150 0.006547 0.0473 2.1367 

0.0296 0.0228 0.0068 1.1400 0.005965 0.0569 2.1675 

0.0296 0.0240 0.0056 1.2000 0.004667 0.0792 2.2518 

0.0296 0.0226 0.0070 1.1300 0.006195 0.0531 2.1549 

0.0296 0.0265 0.0031 1.3250 0.00234 0.1222 2.5086 

Description: Ce       = Concentration of metal ions at time t (mg L -1 )  
                       Co       = Concentration of metal ions initially (mg L -1 )  
                       Ca       = Concentration of metal ions adsorbed (mg L -1 )  
                       qe       = The amount of metal ions adsorbed at time t (mg g -1 ) 
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DISCUSSION  
Figure 1, an FT-IR spectrum of fly ash has not been modified to show some dominant group 
among others carbonyl and hydroxyl, infra-red spectrum showed a fly ash-OH group which is at 
3448.72 cm -1 wave, absorption at 2939.52 cm -1 indicates -CH stretching vibration, while the 
group -C = O is at 1635.64 cm -1 wave number.  
Figure 1 and Figure 2, a spectrum which shows the difference between the functional groups of 
fly ash that has not been modified and fly ash which has been modified. In the picture clearly 
visible difference between the peak produced fly ash that has not been modified and has been 

modified especially at wave number 3433.29 cm-1 (NH) and 1635.64 cm -1 (C = O).  
At the peak of the second wave number widened indicating fly ash has been modified. Spectrum 
of fly ash at 1087 wave numbers, 555 and 462 cm-1 indicates the asymmetric stretching bond of 
Si-O-Si bond respectively, are symmetric stretching of Si-O-Si bond and the vibration of the 
aluminum oxide. Then a functional group to absorb heavy metals such as Si-OH, -NH3+ and Al 3+ 
also seen on-chitosan composite fly ash at wave numbers 3433 and 2932 cm -1.  
Cross-binding process aimed at stabilizing the adsorbent under acidic conditions, due to the 
acidic conditions of amine groups on the adsorbent will be protonated ions that cause the 
structure be destroyed, so the adsorbent is not able to adsorb metals to the maximum.  
Adsorption capacity of pellets composite Hg in solution can be determined by calculating the 
capacity of adsorption, which in this study the adsorption capacity is calculated at pH 6, the mass 
of fly ash 4 g, mass pellet composite 2 g and a stirrer speed of 180 rpm which is the optimum 
condition obtained from previous calculations. The adsorption capacity expressed in mg of metal 
ions per g of adsorbent (mg/g). The concentration of a solution containing Hg2+ ions initially 
amounted to 0.0296 mg / L.  
 
CONCLUSION  
Characterization of raw materials and finished with an instrument ftir of manufacture pellets 
composite fly ash-chitosan cross linked glutaraldehyde indicate that there has been a change in 
the structure of the functional groups of the raw material to the finished material in the form of a 
shift of the peaks in the ftir spectrum, and this indicates that the product has undergone a pore 
opening so that the product to be more effective in the process of adsorption of heavy metals. 
Characterization of raw materials and finished with an instrument FTIR of manufacture 
pellets composite fly ash-chitosan crosslinked glutaraldehyde indicate that there has 
been a change in the structure of the functional groups of the raw material to the 
finished material in the form of a shift of the peaks in the FTIR spectrum, and this 
indicates that the product has undergone a pore opening so that the product to be more 
effective in the process of adsorption of heavy metals. 
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ABSTRACT 
Acid Mine Drainage (AMD) is the wastewater from coal mining activities with an open system. 
AMD has a pH <4 and containing sulfate ions and heavy metals are high that it has great potential 
as a source of environmental pollution. Chemical methods (conventional) not be able to provide 
solutions that are acceptable, as well as expensive also generate new problems. 
Phytoremediation is a method that has been widely been able to be used to remove, degrade, or 
stabilize contaminants in improving environmental quality. This research was conducted in order 
to determine the amount of accumulation As in hyacinth parts (roots + shoots) and (leaves + 
stalks) with various pH AMD. This research was conducted by growing seedlings hyacinth for 21 
days at a pH of acid mine water that has been modified from 3.0 to 4.01; 4.36; and 4.87. As 
analyzes by ICP-OES. The results obtained, namely, the pH increased to 5.32 respectively; 5.95; 
6.85. As the highest accumulation in root + shoots obtained on day 21 and a pH of 6.85, which is 
624.27 mg / kg dry weight with BCF 50.59. At the same age and pH, the highest As accumulation 
in leaves + stalks, in the amount of 145.25 mg/kg dry weight with BCF 11.77. As accumulation in 
root + buds larger than leaf + stalk hyacinth. Water hyacinth can still be categorized as 
hiperakumulator As. Thus hyacinth can be used as an agent for coal mine acid water 
phytoremediation 
 
Key words: Accumulation, AMD, As, BCF, pH, removal, Water hyacinth  
 
INTRODUCTION 
Acid Mine Drainage (AMD) is the waste water is formed through a series of chemical reactions 
and biological activities. Results of previous studies found AMD has a low pH, sulfate tall, and 
heavy metals such as Fe, Al, Mn, Cu, Zn, Cd, Pb and As (Elisa et al., 2006; Blodau, 2006; Dowling et 
al., 2004 ; Achterberg et al., 2003). Arsenic in coal found as arsenopyrite (FeAsS). These 
compounds are formed from pyrite with aces. In the acidic water environment, this compound 
decomposes into ions As, Fe, and sulfide. As ions in an aquatic environment can be shaped ion 
arsenite As (III) and arsenate As (V) (Mohan and Pittman, 2007). As a compound in the form of 
As-As-inorganic and organic are toxic to humans and other living organisms (Chutia et al., 2009). 
Some methods that can remove heavy metals in water such as coagulation, ion exchange, 
precipitation, electrolysis, and reverse osmosis systems (Balasubramanian et al., 2009; Kim et al., 
2006; Kumari et al., 2006). These methods have the weakness, as well as difficult and expensive, 
so is rarely used (Sharma and Sohn, 2009). Currently the coal mining industry uses lime to raise 
the pH and reduces heavy metals. Even this method is still expensive and can cause precipitation 
of inorganic sludge is high. More recently, there is considerable interest in developing cost-
effective technologies to improve the quality of waste water contaminated with heavy metals 
using plants as an accumulator. This method is through the process of adsorption by the roots, 
localization and translocation that metal ions can be concentrated at the top until the leaves, so 
it is easy to be harvested and processed again (Jadia and Fulekar 2009; Natarajan et al., 2008; 
Gratao et al. 2005). Water hyacinth is one type of bog plants are abundant in southern 
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Kalimantan and grow very fast, high production biomasaa and resistant to pests and diseases. 
This plant is able to thrive in nutrient conditions, pH, temperature, and extreme toxic materials. 
In addition it has the potential to clean wastewater (AMD) or hiperakumulator heavy metals (Al, 
Pb, Cu, Fe, Mn, Ni, Cd, Cr, Co, Zn, Hg, and As (Skinner et al., 2007; Michelle et al., 2010). 
Preliminary studies have shown that the water hyacinth on AMD pH 3.0 can not adapt and cause 
chlorosis on the leaves, stems, and roots that loss. Ratnaningsih et al. (2010), said most aquatic 
plants die because they can not tolerate a pH <4. Based on the above, the focus of this study is to 
demonstrate the potential of water hyacinth to reduce As at AMD. The hope is as an alternative 
that can be applied to the coal mining industry because it is cheap, easy, and environmentally 
friendly. 
 
MATERIALS AND METHODS 
Study Area 
This research was conducted at the Laboratory of Elementary Mathematics and Natural Sciences 
University Mangkurat Banjarbaru in. Acid mine water was collected from one of the locations of 
coal mining in Tanah Laut, South Kalimantan. 
 
Procedure  
Water hyacinth is taken from the surrounding rice fields Sungai Tabuk Kab. Banjar. Hyacinth fresh 
and flawless with a height between 15-20 cm, number of leaves between 4-6 strands. Plants 
were washed with tap water to remove any epiphytes and insect larvae that grow on plants. 
Furthermore, the acclimatization in artificial ponds filled with water wells. Water hyacinth is 
allowed to grow and develop by providing NPK fertilizer. Water hyacinth is selected to be 
sampled is hyacinth having 1 stolons or tillers on patiola with about 1-2 cm root length, leaf 
number 2 strands and leaves 2-3 cm diameter. 
Limestone is obtained from miners in the area of the District  Tarjun Pulau Laut, South 
Kalimantan. Limestone is broken down into a split with a uniform size of about 2 cm. AMD 
obtained from temporary one coal mine in South Kalimantan. AMD taken by draw then stored in 
plastic containers. 
 
Data Collection Method 
Basin arranged into 3 groups (A1, A2, A3). Each group, a basin filled with 7 L AMD and plus each 
50 g limestone (A1), 100 g (A2), and 150 g (A3). Each group performed with 3 repetitions. All 
treatments performed pH measurements. The three treatment groups were left for 3 days, then 
measuring the pH. The three groups are then planted with each one clump of saplings hyacinth. 
PH measurement is done thirds for 21 days (0, 3, 6, 9, 12, 15, 18, and 21) days. Likewise 
harvesting water hyacinth and capture footage AMD each as much as 10 mL. AMD footage nitric 
acid are added preservatives and prepared with sisitem filtering. The clear solution is ready for 
testing. Hyacinth from each group were weighed to determine the total weight. Water hyacinth 
is separated into two parts, the first part (root + shoots) and the second part (leaves + stalks). The 
second part of each weighed, then cut into small pieces (0.5-1.0) cm. Then washed thoroughly 
with distilled water, then dianginkan to dry. Each piece digested using standard methods APHA 
(1998). 1 g sample was then ditamgahkan HNO3 HClO4 as much as 10 mL and 3 mL, allowed to 
stand for 24 hours. Further heated to a temperature of 1200C to boil about 30 minutes, then 
cooled. Then added 25 mL of distilled water and heated at a temperature of 1050C for 2 hours, 
then cooled. Then added 10 mL HNO3 and HClO4 as much as 1.5 mL. Heated again until there is a 
solution to 15 mL. Diluted with 50 mL of distilled water, then filtered with Whatman paper 
prepared sample solution 42. Test. While AMD screened samples with membrane filter of 0.45 
lm. Filtered water ready to be tested. 
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Data Analysis 
Relative growth (RG) 
Data total weight of the water hyacinth is converted into value RG by the formula (Husna and 
Puziah, 2010): 

   
                   (   )

                     (   )
 

 
Accumulation As 
As concentration on AMD and on water hyacinth measured by Inductively Coupled Plasma 
Optical Emission Spectrometer (ICP-OES) ACTIVA S.  Data changes in the concentration of As that 
accumulates in plants and then converted into value Bioconcentration factor (BCF) by the formula 
(Zayed et al., 1998): 
 

    
                             

                                      
 

Statistical Analysis 
Data on average change in pH, total weight growth of water hyacinth, and BCF was analyzed by 
correlation test. Correlation test linear regression method (simple) processed with the help of the 
SPSS program (Statistical Product and Service Solutions) versi 20. 
 
RESULTS  
The average measurements of pH and the total weight of the water hyacinth growth, and RG 
calculation of the three variations of pH AMD during 21 days of treatment are presented in Table 
1. 
 
Table 1. Total weight of water hyacinth growth and AMD pH of the three treatments for 21 days 

Treatment Parameter 
Age (Days) 

0 3 6 9 12 15 18 21 

A1 

pH 4,01 4,29 4,48 4,67 4,90 5,08 5,22 5,32 

TW (g) 14,92 17,62 21,21 30,90 43,51 60,72 75,90 84,60 

RG  1,18 1,20 1,46 1,41 1,40 1,25 1,11 

A2 

pH 4,36 4,85 5,07 5,28 5,48 5,67 5,83 5,95 

TW (g) 15,62 20,58 34,22 57,30 80,56 95,90 107,98 116,50 

RG  1,32 1,66 1,67 1,41 1,19 1,13 1,08 

A3 

pH 4,87 5,33 5,64 5,91 6,22 6,49 6,70 6,85 

TW (g) 15,50 24,83 41,80 72,62 98,50 122,80 139,66 148,46 

RG  1,60 1,68 1,74 1,36 1,25 1,14 1,06 

Note: A1 = acid mine water add with 50 g of limestone, A2 = acid mine water add with 100 g of limestone; 

A3 = acid mine water add with 150 g of limestone; TW = total growth. RG = Relative growth. 
 
Table 1 shows that of the three different treatments for 21 days, also changes the pH different. 
Likewise, different pH changes followed the growth of the total weight of the water hyacinth 
different. At A1 pH increased by 1.31 or 32.67%, A2 1.59 (36.47%), and A3 1.98 (40.66%). Such 
conditions followed with an increase in the total weight of each A1 (14.92 to 84.60) g or 69.68 g 
(467.02%), A2 (15.62 to 116.50) g or 100.88 g (645.84%), and A3 (15.50 to 148.46) g or 132.96 g 
(857.81%). This phenomenon shows that there is a strong relationship (positive) between pH 
AMD with growth of water hyacinth. This is evidenced by the results of correlation and linear 
regression of three treatments with a value of R (correlation coefficient) respectively 0.95; 0.96; 
and 0.98 (Figure 1).   
 
RG is used to view the condition of the growth of water hyacinth on the contaminated media. 
The value also shows how plants respond to substances contaminants that exist in the media, in 
this case is the As. The higher the value of RG, then the plant can be categorized not give a 
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negative reaction to the content of the media, on the contrary, the lower the RG, then the plant 
has given a negative response. 

   

1a 1b 1c 
Figure  1. The relationship between the pH of the growth of the total weight of the A1 (1a); A2 (1b); and A3 
(1c) 
 

   
Figure 2. Changes in RG total weight of the water hyacinth in AMD 

 
RG hyacinth calculation results obtained from the three treatments for 21 days (Table 1), namely 
A1 (1.11 to 1.46), A2 (1.08 to 1.67), and A3 (1.06 to 1, 74). RG respectively lows occurred on day 
21 with each pH 5.32 (1.11) 5.95 (1.08) 6.85 (1.06). The highest RG each occurred on the 9th day 
with pH 4.67 (1.46) 5.28 (1.67), and 5.91 (1.74). Thus optimal growth occurs at pH 5.91. Increased 
RG occur until the 9th day and then decrease until day 21, though still an increase of up to nearly 
neutral pH (Fig 2). This indicates that the water hyacinth gave negative responses after 9 days 
old. Thus, unlike some previous studies where optimal growth of water hyacinth occurs at a pH 
close to neutral. 
 
rsenic Reduction pada AMD 
As concentration changes in AMD of three treatments for 21 days tended to decrease (Fig. 3). At 
A1 decreases of 6.33 mg / L (51.30%), A2 8.13 mg / L (65.88%), and A3 11.06 mg / L (89.63%). 
These results indicate that along with the increase in pH and water hyacinth age, the ability of 
water hyacinth in reducing As also increased. Thus there is a strong relationship between the 
ages of hyacinth with a reduction capabilities As AMD. This is reinforced by the results of 
correlation and linear regression where R (correlation coefficient) = 0.90 (Fig. 4). 
BCF 
Accumulation of three treatments until the age of 6 days is still very low. It can be understood 
that the hyacinth is still in the early growth conditions or the stage adaptation. In addition to the 
low pH of the surface of the cell walls of the root protonated or positively charged, so that very 
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little adsorption occurs. With increasing age and pH increases siqnifikan accumulation, but with 
different amounts. The highest accumulation in roots and shoots of the three treatments each A1 
(pH 5.32) of 361.40 mg / kg dry weight, A2 (pH 5.95) sebesarr 473.42 mg / kg, and A3 (pH 6, 85) 
of 624.27 mg / kg. The same pattern of improvement occurred in the leaves and stalks. The 
highest accumulation at A1 (81.74 mg / kg), A2 (105.25 mg / kg), and A3 (145.25 mg / kg). Based 
on the result of the accumulation of two different plant parts, then the value of BCF also 
different. BCF change of the second part of the plant shown in Figures 5 and 6. 

 
 

Figure 3. As concentration reduction in AMD for 21 days Figure 4. The relationship between age hyacinth 
with As concentration in AMD 

 

  
Figure 5. As BCF changes in Root + hyacinth shoots  
                during the 21 days of treatment 

Figure 6. As BCF changes in leaf + stalk hyacinth  
                during the 21 days of treatment 

 
DISCUSSION 
Effect of pH on the growth of water hyacinth 
Some factors that may increase the pH. In this study, using limestone in water hyacinth. 
Limestone generally contain calcium carbonate, and the compound is capable of neutralize 
acidity of the water. AMD neutralization process the calcium carbonate is as follows: 
CaCO3 + H+      Ca2+ + HCO3

-  
HCO3

- + H+           H2O + CO2 (aq)  
Decomposition of calcium carbonate on AMD reacts with hydrogen as a carrier of acidic ions, 
producing neutral water. The more ionized calcium carbonate, the neutralization process faster 
and vice versa. At the root respiration produces carbon dioxide and water hyacinth with water 
produces bicarbonate ions as a nature alklinitas. Many researchers previously reported ability to 
increase the pH of the water hyacinth (if in acidic conditions) or decreasing the pH (in alkaline 
conditions) wastewater. According to Savitri (2010), water hyacinth can raise the pH up to 80% of 
initial pH on coal AMD. 
In addition to the above factors, the presence of microorganisms can also increase the pH of the 
wastewater. An increase in pH causes a decrease in the solubility of metals and trigger an 
increase in bacterial population (Fauziah, 2013). AMD terindetifikasi coal containing sulfate 
reducing bacteria Thiobacillus sp and Pseudomonas sp (Ulfa et al., 2013). Both bacterial species 
iniadalah sulfate oxidizing bacteria (BPS). The bacteria are aerobic. The rise in pH> 4 causes the 
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BPS does not develop. While the sulfate reducing bacteria (SRB) are anaerobic well developed, 
such as Desulfovibrio. Microbiological sulfate reduction is a process in which the sulfate is 
reduced to sulfide and bicarbonate. Sulfate reduction is a major cause in the neutralization of pH 
and sulfate reduction and toxic metals in waste water (Drury, 2006). In the process of sulfate 
reduction to form bicarbonate ions that generate alkalinity (Greben et al., 2005). 
 
RG 
 Some researchers previously reported on the effect of pH on the growth of water 
hyacinth. According Madkar and Kurniadie (2003), the optimum pH for growth of water hyacinth 
in the range of 5-8, although it can grow in media of pH 4-8 and grows optimally at pH 6-7. 
According to Trinidad at al. (2008), that the optimal growth at pH 7, at pH 3.2 to 4.2 are highly 
toxic to plants, pH 4.2-4.3 stunted growth, and 4.3 to 4.5 may be hampered. Besides Lu (2009), 
that the pH effect on the growth of water hyacinth, which the best growth in the range of pH 5.5 
to 7.0. The results showed not exactly the same as previous studies, but is still included in the pH 
range tolerated by plants. Thus these results indicate the presence of other factors that take 
effect in addition to the pH. 
Another factor that may be caused by increasing concentrations of metals adsorbed and 
accumulated in plants after the age of 9 days, then decreased until day 21. As we know that AMD 
is rich in heavy metals. High concentrations of heavy metals that can inhibit the growth of the 
water hyacinth (Hasan et al., 2007). Several other researchers of different states, where high 
levels of heavy metal accumulation does not inhibit the growth of water hyacinth. Water 
hyacinth has a high rate of reduction for heavy metals (Fe, Zn, Cu, Cr, Cd, Mn, Ni, Hg, and As) 
without experiencing stunted growth (Liao and Chang, 2004). The high accumulation of heavy 
metals in the roots and shoots up to 10 times of the initial concentration, but did not reveal any 
signs of toxicity in plants (Mishra et al., 2008). 
 
 
Arsenic reduction in AMD 
Several factors can affect the ability of plants to reduce contaminants in water, such as pH, 
temperature, and age. In general, along with growth, adsrobsi process and reduction of heavy 
metals continues. Plant growth rate affects the speed of the reduction of heavy metals (Sheoran 
and Sheoran, 2006). Young hyacinth can accumulate metals are higher than those of old. Other 
plants such as Pteris vittata 8 weeks of age and translocate arsenic adsorbs faster than 16-
month-old plants. It also indicates that the most efficient young plants for phytoremediation. 
Rofkar reported a different opinion, that the age factor C. stricta and S. pectinata not affect the 
ability of arsenic adsorption by the roots, but older plants received the transfer of arsenic to a 
larger portion than in the leaves and stems of young plants (Zhang et al., 2010). Accumulation of 
Zn, Pb and Cd by water hyacinth increased as rising pH (Aisen et al., 2010). 
Biosorption is highly dependent on the pH of aqueous media, because it is caused by the 
presence of functional groups in the cell wall and chemical configuration of metal (Wierzba and 
Latala, 2010). The cell walls contain amine functional group (R-NH2), an amide (R-CO-NR2), and a 
carboxylic acid (R-COOH), which can be protonated or terdeprotonasi, depending on the pH of 
aqueous media. An increase in pH will increase the negative charge on the surface of the cell until 
all the relevant functional groups terdeprotonasi and can support the appeal of electrochemical 
and absorption of cations. This is consistent with the fact that with age and the pH is then 
followed by the reduction of concentrations in AMD. 
At the root of water hyacinth cells containing major functional groups, namely amines, hydroxyl 
and carboxyl, amine groups but very few (Lin et al., 2012; Zhao et al., 2010; Volesky et al., 2005). 
Further stated that at low pH, the surface of the cell wall of water hyacinth roots protonated or 
positively charged, so the adsorption of metal that occurs is very small, because the carboxylate 
groups tend to be in a neutral form, with the reaction: 
R-COO- + H+      R-COOH  
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At high pH surface functional groups protonated water hyacinth root cell walls so that the 
negatively charged. In this condition, the metal adsorption becomes larger. The higher the pH 
also will make more and more negatively charged functional groups, so that the adsorbent can 
act as ligands in the formation of the complex is also increasing, with the reaction: 
R-COOH    R-COO- + H+  
The presence of negative charge will cause interactions between positively charged metal with 
active sites on the surface of the root cell walls were negatively charged. At the same time, the 
surface will compete with OH- ligand to bind metal cations, which will result in an increase in the 
adsorption of metals by plants. 
According Horsfall and spiff (2004), which in addition to the pH effect on the charge of active 
sites, also affect the metal species in solution. Metal ions in solution before it is adsorbed by the 
adsorbent prior hydrolysis, produces protons and hidrokso metal complexes such as the 
following reaction: 
M2+ (aq) + H2O (l)   M(OH)+ (aq) + H+ (aq)   
According Chojnacka (2013), which the cation adsorption capacity depends on physicochemical 
parameters (indexes most covalent and ionic radii or metal). Covalent index higher are more 
likely to form a covalent bond with a biological ligand thiol (R-SH), amino (R-NH2), carboxyl (R-
COOH) and hydroxyl (R-OH).A decrease in the concentration of contaminants in the waste water, 
in addition to the adsorption by water hyacinth can also be caused by bacteria. The presence of 
bacteria in the root zone water hyacinth plays a major role in cleaning waste water (Liu Ling, 
2007),. Another factor that might influence is the occurrence of precipitation. As rising pH and 
oxygen deprivation causes AMD transformed into anaerobic conditions. In these conditions the 
bacteria growing bacteria such as Desulfovibrio preduksi sulfate. 
 
BCF 
As BCF value increasing with age hyacinth and pH AMD. Changes in growth is most obvious initial 
reaction in plants exposed to heavy metals. Karimi et al. (2009), stating Concentration of metal / 
metalloid in the aquatic environment is the main factor affecting the absorption efficiency of 
metal / metalloid. In general, when the metal concentration in the water increases, the amount 
of metal accumulation in plants increased and the values of BCF also increased. 
In this study, the BCF value obtained is still smaller than previous researchers who have found the 
time and pH ranges are almost the same, where BCF for Pb at pH 4.5; 6.8; and 8.5 on the roots of 
water hyacinth is greater than 1000 (Aisen et al. (2010). According Goswami et al. (2010), 
reported BCF hyacinth roots and shoots against Pb at pH 5 within the period of 10 days is 349.8 
and 11.53 from the initial concentration of 15 ppm of water media. A similar case was discovered 
by Thakur and Sarma (2010), that the roots of the water hyacinth has a maximum efficiency of 
absorption of Pb by 90% or more after the 5th and 10th of exposure to various concentrations 
early and pH. Likewise, according to Mohanty et al. (2012), that BCF hyacinth which is very high 
for Cd, Cu, Cr and Se at a concentration of external low, and decreases with increased 
concentration of the external. Thus, the low BCF obtained may be due by the multilogam 
accumulated at the same time, as AMD contain some metals other than As. 
According to Kumar (2012), As accumulation was higher in roots and shoots. Furthermore found 
that with increasing concentration of the solution and treatment time, the concentration of As 
accumulated also increased, but at a higher shoots than in the roots. According metals that 
accumulate in the roots should be translocated through simplast at high concentrations in a way 
that does not interfere with the function of the cytoplasm and eventually As stored at very high 
concentrations in the bud. However, at a level which can provide toxicity effects, then 
translocated to continue to the top, namely the stalks and leaves. Thus the low level of 
accumulation in the leaves and stalks over the tolerance limit depends on the plant against the 
toxic effects caused by metals. 
Different things also reported some previous researchers. Metal accumulation increases linearly 
with increasing concentration in the order of leaf> stem> root (Alvarado et al., 2008); Feng et al., 
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2009); Vamerali et al., 2009). According to them As penetrate the plant with a passive process, 
mostly by cation exchange that occurs in the cell walls. All the heavy metals are taken up by the 
plant through uptake, translocation and issued by excretion. This can cause that the roots reach 
saturation during a certain period and there are several mechanisms in the roots that can 
detoxify heavy metals or transfer them to the top. As furthermore stated that an effective 
remediation requires plants that extract As of water and accumulate at the helm. To achieve this, 
the electrochemical species As should be changed in various parts of the plant. As thus the low 
accumulation in the leaves and stems may be caused by the nature of water hyacinth as 
rizofiltrasi plant, so that the roots are absorbed metal tends to accumulate in the roots. Another 
possibility is due to the ability of tolerance to accumulation As at the root level is still not 
threatening his life, so that translocation As to the leaves still low. This can be seen in the growth 
rate of the water hyacinth, look no obstacles. 
The same pattern in the roots and shoots, BCF As the leaves and stalks of the three treatments 
showed that less than roots and shoots. The highest BCF value of each treatment under the same 
conditions on the roots and shoots, on the A1, respectively 6.62; A2 (8.53); A3 (11.77). Thus of 
the three treatments showed a similar pattern, ie with age hyacinth and increasing pH as well as 
the decreasing concentrations in AMD, the value of BCF increased. Overall BCF in roots and 
shoots is about 4.31 to 5.35 times greater than the BCF on the leaves and stalks. However, overall 
the potential of water hyacinth as phytoremediation agent against As the AMD worth 
considering. 
 
CONCLUSIONS 
The highest relative growth of water hyacinth was  at pH 6.85 As Accumulation part (Root + 
shoots) higher than the (leaf + stem) hyacinth.  As the highest accumulation in root + buds of 
624.27 mg / kg dry weight with BCF 50, 59. and leaf + stalk of 145.25 mg / kg dry weight with BCF 
11.77. Water hyacinth could potentially be used as an agent of phytoremediation as As 
hiperakumulator in coal acid mine drainage. 
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ABSTRACT 
This paper aims to describe essential characteristics of capital-based risk measures, that used in 
the insurance practice i.e. Value at Risk (VaR) and Conditional Tail Expectation (CTE). 
Furthermore, we determined the risk measures for some claim severity distributions such as 
Gamma, Weibull, Pareto, lognormal, and loglogistic. Determination of  the risk measure of 
a random variable that follows a particular distribution was done analytically and / or 
through simulation using Monte  Carlo methods. From the analysis conducted to various claim 
severity distributions , in this paper obtained the formula for determining VaR and  CTE 
for each distribution.  
 
Key words : Risk measure, Value at Risk, Conditional Tail Expectation. 
 
INTRODUCTION 
In the actuarial science, we often work with distribution losses for insurance products. For 
example, in automobile insurance we build a distribution model for size of claim with distribution 
that skewed to the right. Generally the claim distribution is a distribution that is heavy right 
tailed. Information about the characteristics of tail stating the claims of great value, is needed 
because the claims of great value is the risk to the insurer (insurance company). Although the 
chance of a small appearance, the tail have a significant impact on the overall portfolio. 
Therefore, it should be described by a real value which is a measure of risk.  
Measurement of risk as a core component of the risk management process, which is based on 
the possibility of such damages claims are expressed as random variables. In this paper,   is 
defined as continuous random variables that declare claim severity or size of claims which form 
a continuous distribution like gamma, Weibull, Pareto, lognormal, and loglogistic. Determination 
of the risk measure of the various models of these opportunities is done analytically based theory 
on the distribution of random variables, and also through the simulation.  
Additionally, it is usually appropriate to assume in insurance contexts that the loss   is non- 
negative. It is not essential however, and the risk measures that we describe can be applied 
(perhaps after some adaptation) to random variables with a sample space take in any part of the 
real line. Having established a loss distribution, either parametrically, non-parametrically, we 
need to utilize the characteristics of the distribution for pricing, reserving and risk management. 
The risk measure is an important tool in this process. 
Risk can be described as an event that might happen or not happen and can bring financial losses. 
The size of the risk (risk measure) is a functional mapping of the distribution losses to a real 
number or by definition can be expressed. 
Definition 1  [6] Risk measure of the random loss   , denoted by  ( ), is a real-valued function  

      

where  is the set of real numbers. 

As a loss random variable,   is nonnegative. Thus, the risk measure  ( ) may be imposed to be 
nonnegative for the purpose of measuring insurance risks.  
Risk measurement is a very important element in determining the capital requirement. Arztner et 
al. (1999) proposed four axioms to measure risk and stated that these axioms must be met by a 
risk measure so that measure can be used to manage risk properly. The risk measure that meets 
these axioms is called coherent risk measure. As for the four axioms in question is as follows 
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Axiom 1  Translational Invariance (T/TI), that is for any loss random variable   and any constant 
    
     (   )   ( )                     (1) 
This axiom states that if the loss   is added by a constant number (positive or negative), then the 
risk increases by the same amount. 
Axiom 2  Subadditivity (S), that is for any loss random variables   and   
     (   )   ( )   ( )                (2) 
From this axiom can be seen that, the risk can not be reduced by dividing the business into small 
parts and can mean also that the merger will not bring additional risk. 
Axiom 3 Positive Homogenity or Scale Invariance (SI), where for any loss random variable   and 
any    . 
     (  )    ( )                  (3) 
Means changing the unit of loss does not change the size of the risk. For example, a change in the 
currency. 
Axiom 4  Monotonicity (M), which states that for any loss random variables   and   such that 
     
     ( )   ( )                  (4) 
Means that if one of the risks (loss) is greater than the other, the size of the risk would be the 
same (condition) (Artzner et al., 1999). 
In this paper, we will discuss some risk measures constructed for the purpose of evaluating 
economic capital, that is Value at Risk and Conditional Tail Expectation. 
 
CAPITAL BASED RISK MEASURE 
Value at Risk  or  Quantile Risk  Measure 
Value at Risk  (VaR) is one of the risk measure that commonly used. In the actuarial context, VaR 
known as quantile risk measure or quantile premium principle, where   quantile denoted by 
  .   expressed confidence level. According to the definition, otherwise 
Definition 2 Let   be a random variable of loss with continuous distribution function   ( ) and 
  be a probability level such that      , the Value-at-Risk at probability level  , denoted by  
    ( ), is the   -quantile of  . That is, 
    ( )      ( )       

  ( )              (5) 
with 
     (  )    (    )               (6) 
Because of    is usually taken to be close to 1 so that the probability of loss   exceeding   
    ( ) is not more than      (is thus small), when   is not continuous, a more general 
definition of     ( ) is 
   ( )      ( )     *    ( )    (   )   +           (7)  
(Tse, 2009). 
Model Value-at-risk attractive because it can convey the overall risk of the portfolio in a single 
number. VaR can be served as a simple indicator of risk. However, the risk measure has 
shortcomings because it fails to convey more information regarding other percentile. With VaR 
will only be known when a bad event occurs, but do not obtain information about what 
happened after the occurrence of that. 
With VaR, the risk in a portfolio will be greater than the amount of risk from all the existing 
policies in the portfolio. It is not expected of a measure of risk, which is why the use of VaR as a 
risk measure is not an effective form of risk management. 
Its easy to show that VaR satisfies axioms (1), (3), and (4) (see Hardy, 2  6), but it doesn’t satisfy 
axiom (2) subadditive. Thus, VaR is not coherent risk measure.  Proof that VaR does not meet 
subadditive properties by using counter examples as follows 
Suppose there are two identical risk,   and  . Let 

    {
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It means for confidence level,       ,        ( )         ( )   . If   and   independent, 

then loss probability 0 is (    )        . 
While the probability of a loss of 200 (that is when   and   occurs) is equal     ,       
      . When only one event occurs, the probability of a total loss of     is          
             . From here, 
   (       )    (     )    (       )  
                     .   

So that,      quantile that satisfies   .           (   )/        is    . As a result 

       (   )               ( )         ( )  

(Hardy, 2006). 
VaR calculation methods are usually divided into the model parametric and non-parametric 
models. Parametric models based on the statistical parameters of risk factor distribution, while 
the non-parametric models are simulated or historical model. One method of calculating VaR is 
the most common with Monte Carlo simulation. 
 
Conditional Tail Expectation 
The observations regarding the occurrence of loss, in this case a claim, which valued at more than 
the      is very important. Although an opportunity the emergence is quite small, namely   
 , values above      can not be underestimated because it could have precisely that events is a 
loss huge value or even can be considered as an extreme one and can provide a significant 
impact.  
Conditional Tail Expectation (CTE)  provide information about how much risk to be beared if 
incidents with losses above the threshold (    ) actually occurs. As well as VaR, CTE also be 
defined at the level of  , with      ,  
       ( )   , |    -   , |       ( )-            (8) 
For   discrete, defined  ̅     *         +   . Then 

        
( ̅  )   (   ̅) , |    -

   
           (9) 

is the weighted average of         and  ,      -  [4]． 

From (8), obtained 

      ( )   , |    -  ∫  
  ( )

   (    )
  

 

  
  

 

   
∫    ( )  
 

  
          

          
 

   
∫     ( )
 

  
                

 (10) 
Let     ( ), then 

    ( )     (   ) 

From definisi of   quantile, then can say that     (    ) it means      

      ( ) 
For          (    )    
For         (   )    ( )     
Hence, based on i, ii, and iii equation (10)  become 

       ( )  
 

   
∫     
 

 
         (11) 

Hereby,      can said as quantile average that greater than     (Tse, 2009)． 

When X is continuous, easy to show that CTE satisfies Axioms M, T, PH, and S, and is thus 
coherent see Tse (2009). To proof that CTE satisfies subadditive axiom, we will use this 
properties, 
Theorem 5 Let   and   be such that      ( )   . For any event   such that   ( )    
  ( ), then 
 , | -   , |   -       (12) 
Proof    , |   -     ,   |     -   , |   -   ,   |     ̅-   , ̅|   -   
    ,   |     -   , |   -  
because    ( )   ̅ ( )     (   ), then 
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    ,   |     -   , |   -      ,   |     -   ,   | -  
    ,   |     -   ,   | -  
  ,   |     -  ,   | -   
  , | -      
Hence,        
     , |   -   , | -               
(Denuit, et al., 2005). 
Based on theorem above, proof that CTE satisfies subadditivity can obtained when that 
distribution function is continue. Known 

  (      ( ))      

So that 
   (   )            (   )  
  ,   |        (   )-  
  , |        (   )-   , |        (   )-  
  , |      ( )-   , |      ( )-    
     ( )      ( )  
  ( )   ( )  
Thus, axiom S satisfied (Denuit et al., 2005)． 

By the CTE can estimate the expectation of greater losses than VaR. Therefore, CTE is simple but 
is a measure of risk that is safer to protect adequately the implementation of the insurance 
industry, shareholders and other stakeholders  . 
 
MONTE CARLO SIMULATION FOR  VaR AND CTE 
Using Monte Carlo simulation, generated a large number of independent simulations of the loss 
random variable  . Suppose we generate N  values, and order them from smallest to largest, 
such that  ( ) is the j-th smallest simulated value of  . We assume the empirical distribution of 

 ( ) is an estimate of the true underlying distribution of  . 

For example, suppose that by using Monte Carlo simulation generated a sample of 1000 
observations of a loss random variable. If we want to estimate      quantile of the random 
variable  . The most likely estimator is  (   ), because  (   ) is the      quantile of the 

empirical distributions defined by the sample Monte Carlo { ( )}, which is     of the value of   

simulated less than or equal to  (   ), or    of the sample is greater than or equal to  (   ), so 

that  (   ) is other possible  estimator. 

Definition 3 The Smoothed empirical estimate of a percentile is calculated as 
  ̂  (   ) ( )    (   )                 (13) 

where 
      ⌊(   ) ⌋                   (14) 
and 
      (   )                     (15) 
(Klugman et al., 2004)． 

Smoothed empirical estimates assume that  ( ) is an estimate of the 
 

   
 quantile  of the 

distribution and use linear interpolation to obtain the expected quantile. This means that  (   ) is 

assumed as an estimate of the quantile to 
   

      
          and  (   ) is assumed as an 

estimate of the quantile to 
   

      
        . Interpolation for 95% quantile is (      

    ) (   )  (    ) (   )． 

Generalizing, there are three possible estimator for   , from a sample of   simulated values of a 
loss random variable  , where    assumed to be an integer. These three estimator are 

 (  ) 

 (    ) 
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Interpolate between  (  ) and  (    ), assuming  ( ) is an estimate of the 
 

   
  quantile (the 

smoothed empirical estimate). 
None of these estimators is guaranteed to be better than the others. Each is likely to be biased, 
though the bias is generally small for large samples. We cannot even be certain that the true   -
quantile lies between  , (  )- and  , (    )-. In practice, for the actuarial loss distributions in 

common use, where we are interested in the right tail of the loss distribution, we usually get 
lower bias from using either  (    ) or the smoothed empirical estimate. It is also worth noting 

that all three estimators are asymptotically unbiased, that is 

Definition 4 Let  ̂  be an estimator of  based on sample size of  . The estimator asymptotically 
unbiased if 

           [ ̂ | ]         (16) 

For all   (Klugman et al., 2004)． 

So for large sample,  bias will be small and bias will tend to be greater in the extreme value. One 
way to reduce uncertainty is by repeat the simulation as much as possible, say as many as   
times with each sample size  . Each simulated samples can be used to estimate quantile risk 

measure. Suppose  ̂ ( )  state   quantile estimation by the  -th sample.   values of  ̂ ( )  can 
be considered as an independent and identically distributed sample. then 

     ̂  
 

 
∑  ̂ ( ) 

 
                     (17) 

Will be stated as an estimator for VaR risk measure． 

By the Monte Carlo simulation, CTE is the mean of the worst    (   )   of the loss 
distribution , so we estimate the CTE using the mean of the worst    (   ) ,  that is  

      ̂  
 

 (   )
∑  ( ) 

 
                        (18) 

assuming  (   ) is an integer (Hardy, 2006)．  

 
RISK MEASURE FOR CLAIM SEVERITY DISTRIBUTION 
In this Section we will describe some of the risk measures in current use. We will demonstrate 
the risk measures using examples including models of the claim severity distribution,  , with the 
mean             and standard deviation            . 
Table 1 Distribution of claim severity ( ) 

Distribution of    Parameter 

Gamma  ̂        and  ̂              

Weibull  ̂                  and  ̂         

Pareto  ̂          and  ̂             

Lognormal �̂�          and  ̂         

Loglogistic  ̂          and  ̂                   

 
Using the parameterization in Klugman et al. (2004)，the density and distribution functions of 

the distribution, will be derived formulas for calculating VaR and CTE of the claims distribution of 
 . 
As one of the example for Weibull distribution, will be determined    that satisfies   (  )   , 
that is 

     (  )       0 .
  

 
/
 

1     

    0 .
  

 
/
 

1       

     ,   (   )-
 

 ⁄                           (19) 
Thus,  

      ( )   ,   (   )-
 

 ⁄               (20) 
And CTE, that is 
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     ( )  
  

   
  .

  
 

/
 

0  .
  

 
/
  

1           (21) 

VaR and CTE risk measures for other distributions are given in the table below, 
Table 2. Distribution, VaR and CTE risk measure formula for claim severity 

Claim severity 
distribution 

 ( ) and  ( ) 
VaR CTE 

Gamma 
(   ) 

  ( )  
 

 ( )  
      

 
  

  ( )   .  
 

 
/   

 ∑
.
 
 
/
 
  

 
 

  

   

   

 

   wich meets  
  (  )    

with,  

  ( )   .  
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(   )
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  (    
  

 
)]     

with         
 

Weibull 
 (   ) 
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 .
 

 
/ .
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  ( )       [ .
 

 
/
 

]         

 ,   (   )-
 

 ⁄     
with       
 

  

   
 
 .

  
 /

 

6  (
  

 
)
  

7   

with         
 

Pareto (   ) 
 

  ( )  
   

(   )   
         

  ( )    (
 

   
)
 

        

 

(   )
 

 ⁄
    

with       
 

(    )  

   
2

 

   
     

 

   
    3  

with     and       

Lognormal 
(   ) 
 

  ( )  
 

√    
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.
     

 
/
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  ( )   .
     

 
/               

  

 ,    ( )   -  
with       
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) 2   .

      

 
 

 /3     

with         

Loglogistic 
(   ) 
 

  ( )  
 .  ⁄ /

 

 0  .  ⁄ /
 
1
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  (  ⁄ )
          

 .
 

   
/
 

 ⁄

  

with       

 

   
∫

(  ⁄ )
 

0  (  ⁄ )
 
1
   

 

  

         

with         

 
However, in practice, not always risk measures of a large claim distribution can be determined 
easily just using the existing formula in the table above. If this happens, the risk measure will be 
estimated through Monte Carlo simulation method. 
In this paper, the simulation is done by generating the data size           for each distribution 
of the random variable   in table 1. Then to reduce the possibility of bias, we will use 
interpolation between  (  ) and  (    )  as a risk measure     . Values of    are taken at      

and     .          is based on the assumption that an extreme case, in which the claims of 
great value to have a great probability to accur as well. 
From the analytically calculation using the formula in the table 2 and simulation, VaR and CTE 
values obtained for sample distribution on the table 1, as follows 
Table 3 Risk measure for   that obtained analytically 

Distribution 
VaR CTE 

                            
Gamma   

a                            
Weibull                                                
Pareto                                                
Lognormal                                                
Loglogistic                              

a Value of the risk measure is difficult to determine analytically. 
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Table 4 Risk measure for   that obtained by simulation 

Distribution 
VaR CTE 

                            

Gamma                                                

Weibull                                                
Pareto                                                
Lognormal                                                
Loglogistic                                                

 
From the results of the estimated risk measure is obtained, which is analytically (using the results 
in Table 2) and through simulations, as presented in Table 3 and 4, indicating that the results 
obtained from both methods did not differ significantly, so that the use of simulation in 
assessment risk measure is quite good. 
Actually the assumption that taken on this model is quite extreme, because it was determined 
that the standard deviation is twice the value of the average (mean). Accordingly, all such 

distribution has broad distribution, or it can be said that if  is a random variable that stated the 

size of claims, then there is a chance that the claims submitted can be worth much more than the 
mean. Based on the estimated parameters obtained, the probability density function of the 
distribution of   are shown in Figure 1. 

 
 Figure 1. Probability density function curve for claim severity   

 
Figure 2.   ( ) for the size of claim under and over 200,000,000 

Actually, discussion on the method of analyzing thickness of the distribution tails not covered in 
this paper. But we will try to look at the condition of the tail of the claim severity distribution that 
available in the sample through the curves of those distributions. On the figure 1, at the same 
mean and variance, loglogistic distribution has the thickest tail followed by Pareto, lognormal, 
Weibull, and Gamma. That also shows that loglogistic claim severity distribution tend to have a 
small probability for small size of claims. Unlike the gamma distribution that actually has the 
greatest probability for the small size of claims. 
From figure 2 can be observed probability of claim severity with loglogistik distribution between 
           to             much higher than other distributions. However, after the value of 
the claims between             and            , probability of that distribution is decreased. 
The opposite occurs in the gamma distribution that slowly toward zero so that after the size of 
claims worth about 200 million, the curve just above other distributions, but still value of   ( )  
very small at less than        . Both of these phenomena occurs naturally, because the area 
under the curve must be equal to 1. 
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VaR estimates for the confidence level,         is greater than pure premiums (mean of the 
distribution, that is           ) but smaller than            . If the value is set as the reserve 
standard, it is necessary to consider the opportunities of the claims with great value as 
              .  Neither does the value of CTE, for         this risk measure is still quite 

dangerous to the possibility of claims greater than 200 million because        
̂   for all the 

distribution obtained still around 200 million.  
                   quantile of Gamma and Weibull distribution are quite large, which is about 

four times of the pure premium.   While， estimation of        
̂  for distribution that have 

relatively thicker tail (heavy tail) like lognormal, Pareto, and loglogistic are about three times of 

the pure premium． This could have been due to the probability of the Gamma and Weibull 

which proved to be greater for the values of the extreme claims (as seen in Figure 2). Thus, 
although overall the distribution is seen to have a tail that is lighter than the other three 
distributions, the value of the risk measure is even greater to cover the opportunities of extreme-
value claim occurrence that relatively big. 

Whereas for        
̂ , the value is nearly four times the pure premium or about twice the 

       
̂ . This is the best value for the insurance company if there is the same case with the 

example in Table 1, due to by the        
̂ , extreme-value claims have the opportunity to be 

covered properly. However, it is returned to the condition of each insurer, so it is still a relative 
concept. 

Whereas for the same confidence level, is obtained        
̂  of approximately twice 

    quantile． 

 
CONCLUSION 
Risk measures Value at Risk (VaR) and conditional tail expectation (CTE) are a measure that is 
defined for the purposes of capital requirement and determined based on the confidence level  , 
       with   close to 1. Based on the theory, CTE is a coherent risk measure because it 
satisfies all four axioms introduced by Artzner (1999). So it can be said that CTE is a good risk 
measurement. Unlike VaR that can not meet subadditivity properties. It can also seen from the 
calculation of the estimated risk measure on the example of claim severity distribution before, 
both analytically and simulation. In which the estimated value of CTE is the best value to be 
determined as a measure of risk because it is able to cover the possibility of the extreme-value 
claims. 
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ABSTRACT.  
In this paper, we are using optimal control approach to determine the optimal production rate in production 

Inventory System, first build the mathematical models. Some references theories apply theory to 
control the inventory problem is Sprzeuzkouiski (1967), Hwang, Fan and Erickson (1967), 
Pekelman (1974), Bensoussan, Affandi P. (2011). The classical problem in the inventory problem 
is how to manage changes in consumer demand in a finished product. One such problem can be 
modeled and solved using optimal control techniques. Optimization problem that arises is how to 
balance between the interests of the smooth production and inventory storage price. Optimal 
control theory, an extension of the calculus of variations, is a mathematical optimization method 
to lose control policy. This method largely inspired by the work of Lev Pontryagin and his 
colleagues in the Soviet Union and Richard Bellman in the United States. Explicit optimal control 
is obtained for the two general inventory levels depend inventory production. inventory is used 
more specifically limited to the production of inventory problems.  
 

Key words : Inventory production  Problem, Control Theory. 

 
 
 INTRODUCTION 
Many problems in the life involving systems theory, optimal control theory and some 
applications. One is the inventory, the problem is how to manage changes consumer demand in a 
finished product. So that the company should make good planning in order to produce goods in 
accordance with the number of requests.  The finished goods should fit in a place before it was 
booked by consumers. This has led to the emergence of inventory that certainly will add to the 
cost in the form of storage costs such as the cost of physically storing goods or costs arising out of 
the company’s capital tied up in the form of goods. This problem can be modeled using 
mathematical optimal control techniques, that is optimal control. 
The classic problem in inventory related to changes in demand for products and the other 
problem is how to balance between the interests of the smooth production at a price of 
inventory storage. So that production can run smoothly while the cost of inventory storage can 
be arranged according to consumer demand. To finish this one using optimal control techniques. 
Optimal control theory, an extension of the calculus of variations, is a mathematical optimization 
method to lose control policy. This method inspired by the work of Lev Pontryagin and his 
colleagues in the Soviet Union and Richard Bellman in the United States. One of the major work is 
Pontragyn’S Lev Pontryagin maximum principle or Pontryagin maximum principle. This principle 
has a pressure point on the necessary condition (Necessary condition) for optimality. Besides 
having to pay the actual inventory because there is the advantage of having the first inventory 
can quickly meet consumer demand both in the warehouse as a place to store inventory during 
periods of little demand and can serve requests back during high demand periods. 
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Then one way to overcome the problems of inventory is the optimal control, differential equation 
models beforehand simplified. 
Various problems that involve many systems theory, optimal control and some applications. One 
of them is the inventory problem, the problem is how to manage the change in consumer 
demand in a finished product. Besides having to pay the actual inventory because there is the 
advantage of having the first inventory can quickly meet consumer demand both in the 
warehouse as a place to store inventory during periods of little demand and can serve requests 
back during high demand periods. Optimization problem that arises is how to balance between 
the interests of the smooth production at a price of inventory storage. 

 
MATERIALS AND METHODS 
2.1The set of convex and convex function  
The concept of a convex function underlie some part in the discussion section. The following 
definitions and theorems related to the set and convex function. 

 
Definition 2.1.1 (K.V. Mital 1979) The set         called convex set if for to any          and 

for      such that                  (   )(  )   (   )    . 
 
Definition 2.1.2 (K.V. Mital 1979) Suppose             with A is set convex set . A function θ (x) 

is called a convex function in A if and only if for any two points x1,x2 ϵ A and every λ ϵ [0,1], apply                                                                       
 *     (   )  +     (  )   (   ) (   )  
 
Theorem 2.1.3 (K.V. Mital 1979) Given a set open      . Function             
differenciable in   ̅   . If    convex in  ̅    then     ( )   ( ̅)    ( ̅)(   ̅) for each    
 . 

 
Nonhomogen Linear Differential Equation and Solution  
Definition 2.1.4 (Ross, S.L 1984) Differential equations are equations containing derivatives of 
one or more dependent variables for    one   or more independent variables. 

 
Definition 2.1.5 (Ross, S.L 1984) Order linear differential equations-n, with the dependent 
variable y, and the independent variable x, can be expressed as follows 

   
   

       
     

             
  

  
   ( )   ( )                                      

(2.1) 

 
With    not equal to zero. If  F is equal to zero then the equation reduces to 

   
   

       
     

             
  

  
                                   

(2.2) 
called homogeneous differential equation. For F(x) ≠ 0, referred to as non homogeneous 
differential equation. 

 
Theorem 2.1.6 (Ross, S.L 1984) Provided    a solution to nonhomogeneous linear differential 

equation (2.1) which does not contain any constants.  
 
If    (                ) general solution of linear differential equations homogeneous 
(2.2) so any solution of differential equations (2.1) can be expressed as       for an election 

constants             appropriate. 
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Differential Equation System 
 

Theorem 2.1.7  The transition matrix is a homogeneous linear system Axx   solution )( stAe  . 

System of differential equations in the form  ̇        ,  the solution can be completed in order 
to obtain 

     
      ∫      

 
(  )   . 

 
Inventory Model 
Specifically inventory includes raw materials, goods in work process and finished goods. To limit 
the scope of understanding of inventory, then in this paper inventories limited to the production 
of inventory in the form of finished goods. Inventory production is a stock manufactured goods 
used to satisfy and meet customer demand. So that limits this inventory has a narrower meaning 
than in the previously discussed inventory. It that no waste production, the need for careful 
planning and precise. Many made a useful way of production planning for system planning and 
scheduling needs of raw materials for production, and inventory in the company should also be 
known for production planning so that waste does not occur. 
In this paper, we discuss about the inventory of finished goods production. This deterioration is 
certainly cause loss expense for the company. So the company has the problem of how to 
optimize the amount of production of goods so as to meet customer demand at the same time 
that these items. 
 
Optimal control 
Definisi 2.1.8 (M.Athans 1966) Optimal control problem for the system with the target S, the 

objective function   (       ), the set of admissible control U, and the initial state x0  at time t0 is 

decisive control u ϵ  U that maximizes objective function  ( ). Any control u * which provides a 
solution to the problem of optimal control called optimal control. 

 
In the following discussion, the problems given in the case of optimal control with state end and 
the end time is known. In other words, the target set S shaped S = {  }x{  }  in the form  (      ) 

with     specially element in Rn and     element at (T1,T2). 
Given the state system by the end and the end time unknown 
  ̇( )   , ( )  ( )  -   
with  x(t)  vector  state sized    , u(t) input vector sized    , f  a vector valued function. Initially 
given state is  X0   and initially time is  t0. Target set S form  (      ) with       (     )  known value 

and        . 
Optimal control problem is to find the admissible control u(t) with the initial value (      ) and 

the final value (      )  that maximizes the objective function  ( )  ∫  ( ( )  ( )  )
  

  
    

To solve the problems mentioned above optimal control, first determined necessary condition for 
optimal control are met. 
 
Discussion 
Many company manufacturing using production inventory system are being made to regulate 
changes in consumer demand in a finished product. So the consumer and customer demand can 
be met, but also the production of goods is deterioration. The slump in production inventory may 
occur due to spoilage or damage to goods inventory of production for a certain period. 
Usually the production inventory is often experienced this deterioration is the production of food 
and drink. Because food and drinks that are too long to be in warehousing, the effect is that it can 
decay or damage, this is called degenerate. So the company must pay a slump. For that the 
company must make a plan so that products finished goods in the warehouse did not fit in 
deterioration before the booked by consumers and can manage inventories so as not to delay 
requests made by consumers. This has caused some problems, in addition to warehousing 
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problems that certainly will add to the cost of storage also makes good planning so that the items 
are in storage until the deterioration. 
So the optimization problem that arises is how to balance between the level of production of 
goods in order to meet the demands of customers and consumers, but did not issue a production 
inventory storage costs and huge slump.  

 
3.1 Model and Results Production Inventory Model 

In the early part first introduced the notations used are as follows 
I(t)  : inventory levels at time t, 
P(t)  : average production at time t, 
S(t)  : average demand at time t, 
T  : plan within a certain length of time, 
I0  : initial inventory level, 

 ̃  : average goals deteriorating, 

 ̃  : level inventory goals, 

 ̃  : average production goals, 
c  : positive unit production costs 
h  : holding cost coefisien  
c  : positive unit production costs 
λ  : constant nonnegative  diskont cost 
Interpretation of the inventory level I is to save stock production so the company can secure the 
demand with existing inventory items. 

For example  ̇, you can secure sales for the two months the demand of 100 units until the 
request can be served. Very similar to the amount of the production level   ̇

 
can be interpreted 

so that more efficient production quantities as desired. With these notations we get the 

condition of the state model, the stock flow equation is diffrensialnya                 ̇ (t)  = P(t)-S(t),    
I(0)= Io 

While inventory in time t will be increased with the passage of production and reduced by the 
value of sales as a function of demand. Then the objective function of the model are: 

   
   

{   ∫     4
 

 
(   ̇)

 

 
 

 
(   ̇)

 

  5

 

 

} 

Interpretation of the objective function is we want to keep the inventory is closed to enable fit 

for purpose and also maintain the production value of p is closed to fit the purpose  ̇.   

Squared values 
 

 
(   ̇)

 
       

 

 
(   ̇)

 

 
stating that the final determination of the level of response goals are not covered in the first goal 
and P. 

Solutions with the principle of Maximum known relationship λ adjoint function with equation  ̇(t)  
= P(t)-S(t),    I(0)= Io and we can write down the value of advanced functions Hamilthon as: 

    (   )  4
 

 
(   ̇)

 

 
 

 
(   ̇)

 

5  
 

In equation we can use negative (meaning not given piece (undiskon). So the minimum of J in 
equation  is equivalent to a maximum of  functionality - J. 
 
Then using the application Pontryagin maximum principle, the equation at diffrented and right 
segments equal to zero, it will be obtained: 
  

  
     (   ̇)                        (   ̇)  and    

  

 
    (   ̇) it mean        

  

 
 

    ̇            
This form will be obtained from the decision                    
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     ̇   
 

 
                                                                                                                                                     

3.1 
So that the value of the right side is not negative. In most cases P limit is non-negative,  
so that from the shape is control optimal 

       2 ̇   
 

 
  3                                                                                                                                    

3.2 
In the rest of this discussion and so we will assume is so large that (6.4) will always  
provide value not negative of production value. 

Assuming a very large and I0 is quite small, we will get:       ̇   
 

 
 

and we will be able subsitusikan (6.4) to (6.1) so that would be obtained 

 ̇    ̇    
 

 
              I(0)= Io                                                                                                                                                                                   3.3 

Adjoint equation with variable easily be obtained 

 ̇     
  

  

̇
     .    ̇̈/     λ(T)                                 

3.4 
 
From equation 3.3 is the initial value problem and the final value of 3.4 is the problem, so that 
both provide two point boundary value problem, we can use the method of simultaneous 
equations, which work only in a few cases, including this issue. This method uses the knowledge 
and tricks for solving simultaneous difrensial with differential and substitute up to one variable in 
elimination. After 3.3 at diferensial especially by his use of the t, with the creation of the 
equation here, then using 3.4 for mngeliminasi and 3.3 to eliminate λ from the equation will be 
obtained 

 ̈  
 

 
  =  .

 

 
/ +.

 

 
/ (   ̇)     =   (  ̇–   ̇   )  .

 

 
/ (   ̇)   ̇ 

We make like 

  ̈    ̇           ̇   ̇   ( ̇   )                                                                                                       

3.5 

Where constant α give  ith      √
 

 
   

Equation  3.5 can be solved by a standard method, so that would be obtained as the following 
equation yields 3.5 
 

           with two real roots       
.  √      /

 
    and            

.  √      /

 
                            

3.6 
 
Note that                   .  Then solution 3.5  
 ( )       

         
      ( )             ( )                                                                  

3.7 
 
Where Q (t) is the integral solution specifically from 3.5. Otherwise da additional requirements 
involving       and        From here will always assume that Q (t) as an integral customized 
solutions. 
Although the 3.7 has two constants     and    only one boundary conditions, to get one other 
boundary conditions we differensialkan 3.7 and we subsitusikan result into equation 3.3 so the 
solution is obtained in the form of: 
 ( )   (      

           
          )                   ( )                                                               

3.8 
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Note that we get the boundary conditions in λ so that we can obtain a constant      and    for 
the next job we define two constants, namely: 
                                                                     
3.9 

       ̇–   ( )   ( )                                        
3.10 
Now the next step determine the boundary conditions in 3.7 and 3.8    and    solutions for the 
following: 
 

    
    

            
(      ) 

    
          

(      ) 
                                                      

3.11 

     
      

          
    

    
          

(      ) 
                                                       

3.12 
If we enter the negative     and     positive values, then when T is sufficiently large that it is 
negligible and then we will get 
                                                      
3.13  

and      
  

  
                                            

3.14 
Note that for the value T which is great,        is closed to zero and    is closed to zero. However 
reason to restrain the exponential nature 3.14 that     was multiplied         in 3.8 that when a 
small t is small, become large and important when t is closed to T. 
 
Thus the value    and    press and with 3.1, 3.7 and 3.8 we now write down the expression for 
the value of I, P and λ. We will observe the expression of three parts, namely the starting of 
correction that is useful for value when t is small, exspression turnpike is significant for all value t 
and ending exspression useful when t is closed to T. 
 

Starting correction        Turnpike exspression Ending correction 

 
        

    
 
    ( ) 

  
  

  
   (   ) 

          
     (   )        

  (   ) 
 

    (       
                (     )    (   

  (   )) 

 
 
Note if b1 = 0 which means that I0 = Q (0), then here did not start correction. At the time of I0 = Q (0) 
is the start of inventory caused the solution to be faster. And the same way if b2 = 0, then the 
correction end vanished between the formulation and solution are in rapid time to end solution. 
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ABSTRACT 
In this paper we discuss sum another normalization of fuzzy ideals in near-ring. Result of this research is 
the sum of normal fuzzy ideals in near-ring is the normal fuzzy ideals in near-ring.   
 
Keywords: near-ring, sum, normal fuzzy. 

 
INTRODUCTION 
Mordeson et al [4] has studied fuzzy subgroups. Kandasamy [3] introduced the notion of a fuzzy 
subnear-ring, and studied fuzzy left (resp. right) ideals of a near-ring, and gave some properties of 
fuzzy ideals of a near-ring. In Satyanarayana et al [5], a non-empty set R with two binary 

operations “+” and “” is a near-ring if  
(1). (R, +) is group, not necessarily abelian; 

(2). (R, ) is semigroup; 

(3). x  (y + z)  x  y + x  z for all x, y, zR 
Precisely speaking, it is a left near-ring because it satisfies the left distributive law. In this paper, 

 e  ill use the  ord “near-ring” in stead of “left near-ring”. We denote xy instead of x  y. Note 

that x . 0R  0R and x(y)  xy but in general 0R . x  0R for some xR. 
In this paper we discuss sum another normalization of fuzzy ideals in a near-ring, and investigate the 
related properties.  
Now, we  review some definitions and results which will be helpful for the discussion. A non-
empty subset I of a near-ring R is called a ideal of R [5] if   
(1). (I, +) is a normal subgroup of (R, +) 

(2). RI  I 

(3). (r + i)s – rsI for any r, sR and any iI. 
Note that I is a left ideal of R if I satisfies (1) and (2), and I is a right ideal of R if I satisfies (1) and 
(3). 

We now review some fuzzy logic concepts. A fuzzy subset  in set R [4] is a fuction : R → * ,  +. 

For any fuzzy subsets  and in set R, we define  if and only if (x)  (x) for any xR.  

Let R be near-ring and  be fuzzy subset in R. We say that  is a fuzzy subnear-ring of R [4] if 

(1). (x – y)  min{(x), (y)},  

(2). (xy)  min{(x), (y)} for all x, yR. 

If a fuzzy subset  in near-ring R satisfies the property (1) then (0R)  (x) for all xR. A fuzzy 

subnear-ring  of R is said to be fuzzy ideal if it satisfies the following conditions: 

(4). (x)  (y + x – y), 

(5) (xy)  (y), 

(6) ((x + z)y – xy)  (z) for all x, y, zR. 

Note that  is called a fuzzy left ideal of R if it satisfies (1), (4), and (5) and  is called a fuzzy right 
ideal of R if it satisfies (1), (4) and (6).  
 
Sum of Normal Fuzzy Ideals 

Definition 1 [1, Definition 8]. Let  and  be two fuzzy ideals of a near-ring R. Then the sum  
is a fuzzy subset of R defined by 
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()(x)   

for all xR. 

Lemma 2 [1, Lemma 9]. If  and  are two fuzzy ideals of near-ring R, then ()(0R)  ()(x), 

and ()(x)  ()(x) for all xR. 

Theorem 3 [1, Theorem 12]. Let  and  are two fuzzy ideals of near-ring R. Then  is a fuzzy 
ideal of R. 

Theorem 4 [1, Theorem 15]. Let  and  are two fuzzy ideals of near-ring R. Then R  {x 

|()(x)  ()(0R)} is a ideal of R. 

Theorem 5. Let A and B be two a non-empty subsets of near-ring R, and  and  be two a fuzzy 
set in R defined by  

()(x)    

for all xR and s, t[0,1] with s  t. Then  is a fuzzy ideal of R if only if A + B is a ideal of R. 

Moreover R  A + B.  

Proof. Assume that  is a fuzzy ideal of R and let z, wA + B. Then  

()(z – w)  min{()(z), ()(w)} = s, 

and so ()(z – w) = s. This implies z – wA + B. For any xR and zA + B, we have ()(x + z 

– x) = ()(z) = s, and so x + z – xA + B. Now let xR and zA + B. Then ()(xz)  ()(z) = 

s, and hence ()(xz) = s. So xzA + B. If  x, yR and zA + B, then ()[(x + z)y – xy]  

()(z) = s implies (x + z)y – xyA + B. This shows that A + B is a ideal of R. Conversely assume 

that A + B is a ideal of R. Let x, yR. If at least one of x and y does not belong to A + B, then 

()(x  y)  t  min{()(x), ()(y)}, and ()(xy)  t  ()(y). If x, yA + B, then x – y, 

xyA  B and so ()(x  y)  s  min{()(x), ()(y)}, and ()(xy)  s  ()(y). If xA 

 B, then y + x – y A + B and hence ()(y + x – y)  s  ()(x). Clearly ()(y + x – y)  t  

()(x) for all xA  B and yR. This show that  is a fuzzy normal divisor with respect to 

the addition, and  is a fuzzy left ideal of R. Now let x, y, zR. If zA  B, then (x + z)y – xyA 

 B and thus ()[(x + z)y – xy] = s = ()(z). If zA  B, then clearly ()[(x + z)y – xy]  t = 

()(z). Hence  is a fuzzy ideal of R. Moreover   

R  {x  y + z | ()(x)  ()(0R)}  

   { x  y + z | ()(x)  s} 

   {x  y + z | sup[min{(y), (z)}]}  s}  

 {x  y + z | (y)  s and (z)  s}  

 A + B.  
 

Definition 6 [2, Definition 9]. A fuzzy ideal  of near-ring R is said to be normal if there exists xR 

such that (x) = 1. 

Theorem 7. If  and  are two normal fuzzy ideals of near-ring R, then ()(0R)  1. 

Proof. Straightforward.  

Theorem 8. Let  and  are two normal fuzzy ideals of near-ring R, and let  and  be two a 
fuzzy subsets of R defined by 


(x) 

  (x), and (x) 
  (x) 

for all xR. Then () is a normal fuzzy ideal of R containing . 

Proof. Straightforward.  

Lemma 9. Let  and  are two normal fuzzy ideals of near-ring R. Then  is a normal fuzzy 

ideals of R if only if    ()*. 

Proof. For any xR we have 

       ()*  



 

Proceedings of International Conference on NAMES 2015 | Another Sum of Normal Fuzzy Ideals in Near-Ring 234 

 

 
 ()(x)  ()*(x) 

 ()(x)   ()(x) 

 ()(0R)  1.  

Theorem 10. If  and  are two fuzzy ideals of near-ring R, then (()*)*  ()*. 

Proof. For any xR we have (()*)*(x)   ()(x) *  ()*(x), since ()*(0R)  

 ()(0R)  1, completing the proof.  

Since  normal,   ()*. By applying Theorem 9 we obtain: 

Corollary 11. Let  and  are two fuzzy ideals of near-ring R. If  is a normal fuzzy ideal of R, 

then (()*)* = . 

Theorem 12. Let  and  are two fuzzy ideals of near-ring R. If there exists  is a fuzzy ideal of 

R satisfying ()*
 , then  is normal. 

Proof. Suppose there exists  is a fuzzy ideal of R such that ()*  . Then 1  

()*(0R)  ()(0R), whence ()(0R)  1.  

Corollary 13. Let  and  are two fuzzy ideals of near-ring R. If there exists  is a fuzzy ideal of 

R satisfying ()*
 , then ()* 

 . 

Corollary 14. Let A1, A2, …,     An be a non-empty subsets of near-ring R. If A , A , …, and A  be 

a fuzzy sets in R such that A , A , …, and A  is into {0, 1}, so that A , A , …, and A  is the 

characteristic function of A1, A2, …,     An. Then A  A  …  A  is a normal fuzzy ideal of R if 

only if A1 + A2 + … + An is a ideal of R. Moreover R   …    A1 + A2 + … + An.  

 
CONCLUSION 

The conclusion of this paper is sum of normal fuzzy ideals in near-ring is the normal 
fuzzy ideals in near-ring.   
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ABSTRACT 
Let R be a (not necessarily commutative) ring with identity, and M a left R –module. We can 

construct a quotient module  𝜇⁄   by fuzzy coset of fuzzy submodule 𝜇. This method was 

intoduced by Bhavanari, Kuncham and Jupudi. In this paper we prove the corresponding 

isomorphism theorems with quotient module  𝜇⁄ . 

Keyword : quotien module, fuzzy  quotien  module, fuzzy submodule, fuzzy coset, isomorphism 
module 
 
INTRODUCTION 
One of topics in structure algebra is theory of module. Modules are a generalition of the vector 
spaces of linear algebra in  hich the “scalar” are allo ed to be form arbitrary ring, rather than 
field (Adkins et al., 1992). One of important concept in theory of modul is quotien module and 
module homomorphism. We can construc a quotien modul by fuzzy coset of fuzzy submodule, 
this methode was introduce by Bhavanari, Kuncham and Jupudi (2009). 
We will give some basic definition dan theorem 
Definition 1  Let R be abritrary ring with identity (not necessarily commutative). A left R-
module(or left module over R) is an abelian additive group M  together with a scalar 
multiplication map  

 : R  M  M 

that satisfy the following axioms. for all  a,b R and m, n  M. 
a(m+n) = am +an 
(a+b)m = am + bm 
(ab)m = a(bm) 
1m = m 
In this paper, left R-module is written by R-module (Adkins et al., 1992). 
Definition 2  Let M be an R-module and N nonempty subset of M. N is called  a submodule of M if 

N is subgroup of  M and for all r  R, a  N, we have ra  N (Malik et al., 2007). 
Defintion 3  Let R be a ring and let M and N be R-modules. 

 A map f : M  N is an R-module homomorphism if 

f(m1 + m2) = f(m1) + f(m2), for all m1, m2  M, and 

f(rm) = rf(m), for all r  R and m  M. 
An R-module homomorphism is an epimorphism if it is surjective, and it is an isomorphism R-
module if it is both injective and surjective. The modules M and N said to be isomorfik, denoted M 

 N, if there is some R-module isomorphism f : M  N. 

If f : M  N is an R-module homomorphism, let ker (f) = {m  M | f(m) = 0} (kernel of f) and f(M) 

= Im(f) = {f(m)  N | m  M} (image of f). 
(Dummit & Foote, 2002). 
Theorem 4 Let R be a ring, let M be an R-module and N be a submodule of M. The additive 

abelian quotien group   ⁄  can be made into an R-module by defining an action of elements of R 

by 
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r(m +N) = rm + N,  for all r  R and m + N    ⁄ . 

The natural projecton map  : M    ⁄  defined by (x) = x + N is an R-module homomorphism 

with kernel N. 

 R-module   ⁄  is called the quotien module (Dummit & Foote, 2002). 

Theorem 5  (The second Isomorphism Theorem). If  K, L  are two submodule of R-module M, then 
   

 ⁄   
   ⁄  (Dummit & Foote, 2002). 

Definition 6 Let M and N be are two non empty set,  f : M  N  be a map,   and  be a fuzzy 

subset of  M and N respectively. The fuzzy subset  f  (the image   under f) of  N defined by  
















)(                                                  0

)(})(,|)(sup{
)(

1

1

yflf

yif fyxfMxx
yf




  
for all y  N, and the fuzzy subset 1

f  (the preimage  under f) of M  defined by 

))(()(1 xfxf    for all  x  M (Kandasamy, 2003).   

Definition 7  Let R be a ring and M be an R-module Then a fuzzy subset  : M  [0,1] is called a  
fuzzy submodule of M  if : 

 (x + y)  min { (x),  ( y)},  for any x,y  M 

 (rx)   (x),  for any x  M and r  R 

 (0) = 1, 
(Golan, 1989). 

Definisi 8  Let 𝜇    ,   -  be a fuzzy submodule and x  M, than the fuzzy subset   𝜇    
,   - defined by (  𝜇)( )  𝜇(   ) is called a fuzzy coset of the fuzzy submodule 𝜇 
(Bhavanati et al., 2009). 
Theorem 9  Let 𝜇 be a fuzzy submodule of R-module M.   𝜇    𝜇 if and only if  𝜇(   )  

𝜇( ) for  x, y  M (Bhavanari et al., 2009). 

Theorem 10  Let 𝜇 be a fuzzy submodule of an R-module M. Then the set  𝜇⁄  of all fuzzy cosets 

of  𝜇  is an R-module with respect to the operations defined by (  𝜇)   (  𝜇)   (   )  𝜇 

and  (  𝜇)     𝜇 for  all x, y in M and for all r in R. If f is a mapping from M to  𝜇⁄ , defined 

by f(x) = x + μ  for all x   M then f is an R-epimorphism with ker f = { x   M | μ(x) = μ (0)} 
(Kandasamy, 2003). 

Definition 11  The R-module  𝜇⁄  is called the quotient R-module of M over its fuzzy submodule μ 

(Kandasamy, 2003).  
Theorem 12  If 𝜇    ,   -  be a fuzzy submodule of an R-module M,  then    *  

 |𝜇( )  𝜇( )+ is a submodule of M (Bhavanari et al., 2009). 
Theorem 13  Let 𝜇    ,   -  be a fuzzy submodule of an R-module M. 

The mapping      
𝜇⁄   defined by  ( )    𝜇 is onto homomorphism with Ker =M. 

Hance the module  𝜇⁄  isomorphic to the module    
⁄ under the mapping      

⁄   
𝜇⁄   

defined by 

  (    )    𝜇. 

Suppose  and   are two fuzzy submodule of M.Tthe mapping     𝜇⁄   
 ⁄  defined by 

 (  𝜇)      is an isomorphism if and only if        

(Bhavanari et al., 2009). 
 
MATERIALs AND METHODS 

This research is a study of the literature. The Procedures used are study the construction 
of the module quotien over fuzzy submodules define a fuzzy subset of modules quotien 
on fuzzy submodules and prove that it is a fuzzy submodule prove the isomorphism 
theorem of  quotien modules over fuzzy submodules 
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RESULTS 

Let 𝜇    ,   -  be a fuzzy submodule and x  M. We define a subset fuzzy    
 

𝜇⁄  ,   - by 

  (  𝜇)  𝜇( ), for all x  M. 

Lemma 13. If 𝜇  be a fuzzy submodule of M, then    is fuzzy submodule of   𝜇⁄ .  

Prove. Given   𝜇   𝜇     𝜇⁄   From Theorem 9, we know if   𝜇    𝜇 then  𝜇(   )  

𝜇( ). This implies 𝜇( )  𝜇( ). That is,   (  𝜇)    (  𝜇). Therefore    well defined.  

We verify    is fuzzy submodule of   𝜇⁄ . 

  ((  𝜇)   (  𝜇))    ( (   )  𝜇)  𝜇(   )  (by definition   ) 

       *𝜇( ) 𝜇( )+   (since 𝜇 fuzzy submodule of M) 
   min*  (  𝜇)   (  𝜇)+   (by definition   ) 

 Therefore   ((  𝜇)   (  𝜇))  min*  (  𝜇)   (  𝜇)+  

  ( (  𝜇))    (   𝜇)  𝜇(  )    (by definition   ) 

             𝜇( )     (since 𝜇 fuzzy submodule of 
M) 
               (  𝜇)    (by definition   ) 

  (  𝜇)  𝜇( )    

Hance    is fuzzy submodule of   𝜇⁄  

 
Lemma 14.   

Let  and   are two fuzzy submodule of M, such that 𝜇     and 𝜇( )   ( ). A fuzzy set 

   
 

𝜇⁄  ,   - defined by   (  𝜇)   ( ) is a fuzzy submodule of   𝜇⁄ , such that         

and   (  𝜇)     (  𝜇) 

Prove.  

First we prove     well defined. Given   𝜇   𝜇     𝜇⁄   From Theorem 9, we have  if 

  𝜇    𝜇 then  𝜇(   )  𝜇( ). Because  𝜇    and 𝜇( )   ( ), then we have 
 (   )   ( )  This implies  ( )   ( ). That is,   (  𝜇)    (  𝜇). Therefore    well 
defined. 

We verify    is fuzzy submodule of   𝜇⁄ . 

  ((  𝜇)   (  𝜇))    ( (   )  𝜇)   (   )  (by definition   ) 

       * ( )  ( )+   (since   fuzzy submodule of M) 
   min,  (  𝜇)   (  𝜇)+   (by definition   ) 

 Therefore   ((  𝜇)   (  𝜇))  min*  (  𝜇)   (  𝜇)+  

  ( (  𝜇))    (   𝜇)   (  )    (by definition   ) 

              ( )     (since   fuzzy submodule of 
M) 
               (  𝜇)   (by definition   ) 

  (  𝜇)   ( )    

Hance    is fuzzy submodule of   𝜇⁄ . 

Next we prove       and   (  𝜇)     (  𝜇). Given   𝜇     
𝜇⁄ . By Definition 

          and 𝜇     and 𝜇( )   ( ), we have 

  (  𝜇)  𝜇( )   ( )    (  𝜇), and    (  𝜇)  𝜇( )    ( )    (  𝜇) 

Hance      .  

 

Note : In this paper, the fuzzy submodule    of   𝜇⁄  is donated by  𝜇⁄  

 

Theorem 15. Let        be an epimorphism,         zz    b          M’ and 𝜇    
   is a 

fuzzy submodule of M. Then the map    𝜇⁄    
 ⁄   defined by  (  𝜇)   ( )     is an 

isomorphism. 
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Prove. First we show that the mapping   is well defined. 

Given   𝜇,   𝜇   𝜇⁄ , such that   𝜇 =   𝜇. Then we have : 

 𝜇(   )  𝜇( )      (by Theorem 9) 
   

  (   )    
  ( )       (by Definition 𝜇) 

  ( (   ))   ( ( ))      (by Definition 6) 
  ( ( )   ( ))   (  )      (since f homomorphism) 
  ( )     ( )   )       (since   fuzzy submodule of 
M’ ) 
  (  𝜇)   (  𝜇)      (by definition of  ) 
Thus   welldefined. 

Now we prove   homomorphism. Given   𝜇,   𝜇   𝜇⁄ . Then we have :  

 ((  𝜇)  (  𝜇))   ((   )  𝜇)   (by Theorem 10) 

   (   )       (by definition  ) 
   ( )   ( )      (since f homomorphism) 
  ( ( )   )  ( ( )   )  (by Theorem 10) 
   (  𝜇)   (  𝜇)   (by definition  ) 

 ( (  𝜇))   (   𝜇)     (by Theorem 10) 

   (  )        (by definition  ) 
    ( )        (since f homomorphism) 
   ( ( )   ))     (by Theorem 10) 
     (  𝜇)     (by definition  ) 
From ( i) and (ii), we prove that   is a homomorphism.  
Next we prove that   is both surjective and injective. 

Given   𝜇,   𝜇   𝜇⁄ , such that  (  𝜇)   (  𝜇), then we have 

( ( )   )  ( ( )   )         (by definition of  )  
  ( ( )   ( ))   (  )      (  is fuzzy submodule of 
M’) 
  ( (   ))   ( ( ))     (since f homomorphism) 
   

  (   )    
  ( )      (by Definition 6) 

 (   )  𝜇( )      (by definition 𝜇) 
   𝜇 =   𝜇       (by Theorem 9) 
This show   is an injective 

Let       
 ⁄ , because we know f surjective, then we can find x  M, such that y = f(x), so we 

have  (  𝜇)   ( )       . Therefore   is surjective. Hance   is isomorphism  
 
Theorem 16 

Let  and   are two fuzzy submodule of M such that  and 𝜇( )   ( ). 
𝜇    is a fuzzy submodule of     

  is a fuzzy submodule of        
  

𝜇   ⁄  
     

 ⁄  

Prove. 

Because  and   are two fuzzy submodule of M, then 𝜇    is a fuzzy submodule of  M. Next we 

show            . Given x                and         𝜇( )  𝜇( ) and 

 ( )   ( )  
min* 𝜇( )  ( )+ = min {*𝜇( )  ( )+   (𝜇   )( )  (𝜇   )( )  x      . Hance       

=     . therfore  𝜇    is a fuzzy submodule of   . 

Because    submodule of      , and eazy to show    is a fuzzy submodule of   , then   is a 

fuzzy submodule of        



 

Proceedings of International Conference on NAMES 2015 | Isomorphism Theorems Of Quotien Module Over Fuzzy 
Submodule 

239 

 

From Theorem 12, if  and   are two fuzzy submodule of M, then    and    are submodul of M.  

By using The Second Isomorphism Theorem, we have 
  

     
⁄  

     
  

⁄ , and from 

prove of (i), we have       =     , then   
  

    
⁄  

     
  

⁄ .  Because we had proven 

(i) and (ii), then by using Theorem 13.i, we have  
  

𝜇   ⁄  
     

 ⁄  

 
Theorem 17 

Let  and   are two fuzzy submodule of M, such that 𝜇     and 𝜇( )   ( ). Then   ⁄  
 

𝜇⁄
 

𝜇⁄
⁄  

Prove. Define      
𝜇⁄  by  ( )    𝜇 for all x  M. By Theorem 13.i,   epimorphism. By 

Lemma 14  
 

𝜇⁄  is fuzzy submodule of  𝜇⁄ , such that       and   (  𝜇)     (  𝜇). Easy verify that 

  
 ⁄

   is fuzzy submodule of M. Hance for any x  M, we have   
 ⁄

  ( )     

  ( )    ( ( ))  

  (  𝜇)   ( ). 

Therefore   
 ⁄

     is fuzzy submodule of M. Define       ⁄  
 

𝜇⁄
 

𝜇⁄
⁄  by   (  𝜇)  

 ( )   
𝜇⁄ , then by Theorem 15,    is isomorphism. This complets the proof.  

 
CONCLUSION 
The conclusions from the result, are that isomorphism theorem of quotien module over fuzzy 
submodul is 

Let        be an epimorphism,         zz    b          M’ and 𝜇    
   is a fuzzy 

submodule of M. Then the map    𝜇⁄    
 ⁄   defined by  (  𝜇)   ( )     is an 

isomorphism 

Let  and   are two fuzzy submodule of M such that  and 𝜇( )   ( ), then 
  

𝜇   ⁄  

     
 ⁄  

Let  and   are two fuzzy submodule of M, such that 𝜇     and 𝜇( )   ( ). Then   ⁄  
 

𝜇⁄
 

𝜇⁄
⁄  
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ABSTRACT 
The formulation of a good and an appropriate regression model on a certain statistic data, 
basically, is connected with scatter diagram from the concerning variable. The uses of regression 
model are comprised of 2 main purposes: (1) to estimate the relationship between one or more 
independent variables and one or more dependent variables and (2) to estimate the expectation 
value for dependent variables in case the value of the independent variables are given. In daily 
life, it is not necessarily dependent variable is continue, then more appropriate statistical model 
is needed. If the dependent variables are censored or mixed regression used is Tobit regression. 
By using the scatter diagram, the pattern of the linear data such that the first probability is using 
simple linear regression and the second probability is by the occurrence of the disparity of the 
pattern and particular points, the use of Tobit regression model is plausible. From both model, 
the best estimation could be inferred that the model of Tobit regression provides more precision 
on the estimation. 
 
Key words: linear regression model, scatter diagram, independent variabel, dependent variabel, 
Tobit regression model 
 
INTRODUCTION 
In a market, there are several categories of the buyer characters who have different needs and 
behaviour. This becomes the challenge for every product to dominate the whole market at once. 
The common strategy is to choose a certain market segment where the product could dominate 
this particular market portion. This idea is called market positioning. The existing product in the 
same market segment encourage each other product to compete each other by presenting the 
strength of the product by which it can win the competition with others product. Therefore, the 
company must do more simultaneous research in the development of the product. 
Principally, each product has particular properties from the characteristic by which either directly 
or indirectly becoming consument references in making decision. In detail, the attribute resulted 
from the image of a brand decide whether the product is accepted in the market or not. 
Therefore, to develop the products in a  ay of innovation, the research on consumer’s behaviour 
and the image of the brand should be administered. The proposing research could elicit more 
information on the quality of the properties of a particular product based on the consumer point 
of view and the information on how the attributes of the product when they are becoming ideal 
market. 
The need of the people on mineral water is vary. A good quality of service given by the service 
would influence the consumer satisfactory. Nowadays, there have been so many mineral water 
production run by the company with every unique characteristic. Each of those provides a certain 
service to attract the consumer to decide which brand they will choose. Furthermore, this ignites 
competition between companies to fulfil the market demand in the purpose to dominate the 
market segment.  Un delivering the product in the market, the production develops the brand 
image of the product. PT.AIR UNESA as the one of the company that has provide the best 

mailto:herytrisutanto@gmail.com
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services, therefore, it would make the drinking water in a glass compete each other in a way of 
the use of the technology. 
The collected data will be analysed using Tobit regression to elicit how the position of a product 
and what should the product being developed such that it can be accepted widely in the market. 
In this study, the relationship between the perception value, the image of a company, and the 
quality of the product and service toward consumer satisfactory would be elicit by mean of using 
Tobit regression. The product here is limited on the form of packed mineral water.  
 
MATERIALS AND METHODS 
Study area 
The  Mineral Water  Unesa 
The packed mineral water  unesa (AMDK) is  a packed mineral water  which product by Surabaya 
State University  joint Denoyosya Inc. Jepang. The mineral water in packed is the pure  processed  
with use  RO (Reverse Osmosis). The mineral  water unesa  is drink water  no contain anorganik  
which not requirement by body. 
Tool  for detection  the mineral  water in packed. 
Electrolisa is tool which  use for finding the dirty level  or  the water  clean  so  that  the given 
water  after  contamination with the other chemical. 
Total Dissolved Solid Scan  is   tool    which use for know  contains   solid which dissolve in water. 
 
The  Mineral Water   packed  
The  plastics  product  code   out  by  The Society of Plastic Industry on year  1998 in  USA and 
adoption by  enterprise code  system development , as  ISO (Internatioanal Organization for 
Standardization)  exist seven variety: 
This  mark  usually  existence  the plastic  processor   with  number 1 centered  and write PETE or 
PET (polyethylene terephthalate) under triangle. Usually   use the plastic bottle  , clean  colour 
/transparent/watermark as the bottle mineral waterl, juice bottle , and almost all other the 
mineral bottle. Bottle variaety  this  PETE-PETE rekommendation only one used.. If used for  
saved  hot water or hot will impact poymer strata on bottle will melt and exclude  karsinogen.. 
General , on underside the plastics bottle packed   exist  logo  the plastics procesor with number 
2 centered and write  HDPE ( high density polyethylene) under triangle.Usually use for the milk 
bottle which colour the milk white,tupperware,  gallon mineral water, kdoubble chair , and  the 
others. HDPE have material atribut more strong , strong, buram and fire proof. HDPE is one 
plastics material which secure use  because power  reaksi kimia between the plastic packed  
material  HDPE with food/drink is packed.Recommendation one use because pelepasan senyawa 
antimoni trioksida in crease.            
 
Customer behaviour 
With the existing of the business  competition, the requirement of information with fast and the 
analys methods  accurately. The market condition is disunite according  Alfin Toffler (in Kotler 
2000),  the  big  market disunite and change  became  the  small market segment which require 
the model special, colour, product variety , measure and so on. Therefore require comprehension 
concrete and descriptions about the market, customer behaviour and customer satisfactory 
(Malhotra, 2010). In the development the modern market concept, customer is as point market 
centre. 
There are 3 factors that impact the choice of customer. First factor is individual customer is 
choice for purchase product  impacted  exist  individual customer. The second factor is 
environment  impact customer  and the  third  factor is   the market  strategic (Sutisna in 
Malhotra, 2010). The customer  statisfaction is  one  factor   wihich support  a the survive  
entrepreneur because relation customer.  The statisfaction is level where require and urge able 
compliance. According Kottler (2000), statisfaction or disstatisfaction customer is  customer 
respons on evolution  not according   which sensed  between expected   before with work 
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product which sensed. Factor-factor that influence the statistfaction customer is the product 
quality, price and service on minimum work.. For make the statistifaction customer company has 
competency to see what became require and  pretension  customer.   
The  product quality with the sense  aspiration  exist  on drink according with the customer sense  
and the tender price able the customer purchase and servis from company  the customer 
statistifaction..  Analysis  for know  the first  atribut customer, level the statistifaction customer 
and ratio level the customer statistifaction to the water drink product  packed  other. 
 
Analysis of Tobit Regressions  . 
For knowing  relation form between one variable dependent with more one variable 
independent familiar  regressions analysis the Tobit Regressions. Tobit Regressions propositions 
by  Tobin   on  1958  which   research  expenditure  household  in United States of America  for 
purchase mobile. Expenditure  for purchase mobile  on several  household  became  zero 
(because household  not purchase mobile)  impact on interpretasion from regressions. He state 
that if the use of the smallest quadrat method to estimate the regression parameter toward 0 
and insignificant independent variable. if the independent variable significant, the estimator 
would make the parameter inconsistent and bias. To overcome this, Tobin assume that the 
independent variables are unlimited in the value (non-censured), only dependent variable that is 
censured, and non-autocorrelated without heteroscedsacity and non-multicollinearity. 
The regression model of tobit is formulated as follow: 
 
  

          ,  for i=1,2,...,N 
 
Perception Value 
The company nowadays are facing toward competition between companies whose product is in 
the same market segment. By the occurrence of the moving point of view of the philosophy of 
the product and the selling market holistically. The company would have more chance in winning 
the market target.  
From the philosophy of the product and the marketing, they both are having impact on each 
other. The company will acquire a better chance to win the competition in the market segment. 
The factor that influence the marketing orientation to be better is having a good relationship 
between consumer and company. A company must establish those relationship well by 
informing, involving, and encouraging the consumer in the process of marketing and production, 
from which, there will be a company who has a center in customer. Therefore, the could develop 
a good relationship with the customer not only by product but also in market manipulation. 
In choosing product, the customer will preferably maximize the value of which they are 
considering the cost in searching the product, the knowledge innovation and mobility, and their 
income. Furthermore, they would estimate the best offer that suitable with their expectation and 
the best recommendation. The inconsistency between a certain offer with their expectation 
would affect the customer satisfactory and how big the chance that the customer will buy the 
product againt. 
Value that is perceived by the customer is defined as the difference between prospective 
customer value on all of advantages and fee from a certain offer of its alternative. The whole 
advantages from customer are moneter value of economic, fungsional, and psycologi advantages 
from which the customer expect a certain market offer. The advantages are resulted from the 
involved product, service, and brand image. 
The total amount of costumer fee is a collection of fee that is expected by the customer 
perception used for evaluating, obtaining, using, and throwing market offer including monetary 
fee, time, energy, and psycholog. This result the perception from the customer based on the 
differences between what have been acquired by the customer and what the customer give for 
the possibility different options. The customers obtain the advantages and bear the fee. The 
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company could improve the customer offer by using several combination on the improvement of 
economic advantages, functional, or emotional and/or omitting one kind of fee or more. 
Perception is the result of the advantages obtained by the customer in the whole relationship in 
the total fee which are comprised from the price and other fee which are needed to buy a certain 
good or service. According to Zeithmal (in Munandar et al, 2004) the value of the perception is 
defined as the assessment of consumer holistically toward the usage of a certain product or 
service based on the given perception and what have been obtained. According Cronin and 
Taylor (in Munandar et al, 2004), consumer satisfactory would be influenced by the level of the 
product and service quality they experience. Furthermore, the quality result from particular 
product and service would be the main factor in determining the consumer satisfactory. 
Kotler et al (2009) define the total customer value as the collection of advantages that is 
expected by the customer from a particular product and service. Buyer would buy those 
particular product from the company on which they are considered to provide an offer high 
customer delivered value. Customer delivered value is the difference between total customer 
value or the sum of value for the customer and the total customer cost. Total delivered value 
comprise of two main dimensions, namely benefit and total customer value. 
Dimension of total customer value consists of four components: 
Product value, which is the superiority of the service compared with the competitors  
Employee value, which is the quality of the human resources who offer service to the customer 
Service value, which is the service provided by the company in promoting their product. 
Image, whish is the impression acquired by the customer toward the offered service  
Cost Dimension comprise of four components: 
Monetary CostBiaya, which is the nominal price that must be paid by the consumer to get the 
service 
Time Cost, which is the amount of time needed by the consumer to interact with the service 
provider company 
Employee Cost, which is the physical sacrifice that must be used by the consumer to get the 
service. 
Psychologic Cost, which is th sacrifice psychologically felt by the customer to get the service. 
 
Quality Perception 
Quality is initialized from the customer need and ended in the customer perception 
(Kotler,2000). A good quality image is based on the customer perception who consumes the 
company service. Therefore, the customer is the one who decide the service quality. The 
customer perception toward the service quality is the whole appraisal on the service superiority.  
The measurement of the service quality has two dominan understanding. 
Nordic Perspective (Gronroos, in Munandar et al, 2004) formulate the quality of service in more 
global context as the technical quality, functional quality, and reputational quality 
Survival model that stress on the characteristic of service interaction (reability, responses, 
empathy, guarantee, and physical proof).  The main dimensions of the service quality consist of 
three main components, which are interaction quality, physical environment quality, and result 
quality. 
Perception toward the service quality is defined as the service quality that is felt by the consumer  
toward the whole product superiority. According to Juran (in Kotler, 2000) the quality comprises 
of 2 main unsure, which are the degree of a service of free from deficiency. The quality of service 
is trusted depend on the gap of expectation and the reality . 
 
Company Image. 
Based on Keller dan Aaker (in Kotler and Keller, 2009), company credibility is related with the 
degree of which the consumer trust that the company could design and send product and service 
that can satisfy the consumer needs and expectation. According to Munandar (2004), a company 
reputation is a part of the concept of company image where the corporate image is a part of the 
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concept of total service. In contrast, according Lau and Lee (in Munandar et al, 2004), company 
reputation as one of the important factor from the company characteristic can form the 
customer trust toward the product. More information that are accepted by the customer will also 
increase the customer demand and also the degree of difficulty on every company in override the 
competitors. The important image of a company for the customer is the image obtained have 
different superiority compare with the competitors. 
The image of the company involves different factors from selling particular market as introduced 
by Ghosh (in Kotler and Keller, 2009). There are eight unsures namely: placement, merchandise, 
shop atmosphere, customer service, price, advertisement, salespeople, and selling incentive 
program. Since each retail shop has perception of image, thus, they are perceived differently by 
the customer. The company image is considered for having the same characteristic (Kotler, 2000) 
from which it can influence the buyer toin deciding. In other words, a good brand image could 
stimulate the purchasing of the product from a company by simplifying the decision framework.   
 
Customer Satisfactory 
Many companies have measured systematically how good they treat their customer, elicited 
factors that influence the customer satisfactory, and improved the operational which have 
impact on the marketing. The company will response wisely by measuring the customer 
satisfactory gradually, due to the fact that to maintain the trust of the customer is from the 
customer satisfactory. Customer who feels satisfied usually stays in the company for a long time,  
definitely buy new product or improving old product promoted by the company,  talk about the 
company in a positive way, ignore the competitors product, and insensitive toward the price. 
More satisfactory related with the degree of which higher refund and low risk in stock exchange. 
Satisfactory and unsatisfactory of the customer are customer responses on non-conformity felt 
between the previous expectation and the reality of the service. If the customer feel satisfactory, 
then it would be more reason to buy the product again. Generally, the customer expectation is 
the estimation on what will be obtained if someone buy a product.  In detail, the result of work 
felt by the customer is the customer perception on what they have already experienced after 
consuming the product.(Munandar et al, 2004). 
 
Based on Shemwell (in Haidir Harun,2006), evaluating the satisfactory on the product and 
service, generally, can be defined in 5 dimensions, they are: 
Responsive satisfactory, which is the consistency betweeb the expectation on the ability to help 
the customer and giving service quickly. 
Confidency satisfactory, which is the compatibility between the expectation and the acceptance 
of the reality that resulting confidence. 
Reliability satisfactory, which is the compatibility between the expectation and the acceptance on 
the ability to perform the promised service precisely and reliably. 
Empati satisfactory, which is the compatibility between the expectation and the acceptance on 
the requirement to empathy, and provide privat attention to the customer. 
Formed satisfactory, which is the compatibility between the expectation and the acceptance on 
physical appeareance, tools, personi, and communication media. 
 
RESULTS 
 
The following is the analysed data using tobit regression 
 (/v# option or -set maxvar-) 5000 maximum variables 
 use "D:\datahery\datamakalah\akuaunesa1.dta", clear 
Satisfy  x1 x2 x3, ll 
Tobit regression                                  Number of obs   =         99 
LR chi2(3)      =      51.12 
Prob > chi2     =     0.0000 
Log likelihood = -177.62811                       Pseudo R2       =     0.1258 

Table 1. the result on software analisis 
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satisfy Coef. Std.Err t P>t [95% Conf Interval] 

x1 .226054 .0744724      3.014 0.003 .0782276     .3738805 

x2 .3519621    .118023 2.98 0.004 .1176883     .5862359 

x3 .2461985    .0732207 3.36 0.001 .1008564     .3915405 

_cons -6.716081    1.447631     -4.64    0.000 -9.589607    -3.842556 

/sigma    1.536003    .1149267                      1.307876     1.764131 
Note: 
Obs. summary:          7  left-censored observations at   satisfy<=0 
92     uncensored observations 
0 right-censored observations 

 
From the output above, we obtain the equation of the tobit regression below 
                   0,226054                               .      (1) 
                                               (0,003)               (0,004)                    (0,001) 
 
Because in equation (1) above, it can be seen that variable x1 has p= 0,003         , thus, 
variable x1 is significant towards satisfy variable which mean the quality of the packed water 
product unesa has influenced to the satisfactory customer. The quality of the mater packed 
mineral water Unesa are clear, healthy, odourless, refreshing, easy to find, interested packed 
form, and originate from mountain waterfrom which make the customer satisfy.  
 
In equation (1) above, it can be seen that variable x2 has p= 0,004         , thus, variable x2 is 
significant towards satisfy variable which mean the price of the packed water product unesa 
namely: the low price and the price is as high as the quality make the customer satisfy with the   
product. 
 
In equation (1) above, it can be seen that variable x3 has p= 0,001         , thus, variable x3 is 
significant towards satisfy variable which mean the brand image of the packed water product 
Unesa namely: illustrate the advantages, easy to remember, having particular characteristic, and 
recommended  make the customer satisfy with the product. 
 
The following is the analysed data using tobit regression 
regress satisfy  x1 x2 x3 
      Source |       SS       df       MS              Number of obs =      99 
-------------+------------------------------           F(  3,    95) =   20.36 
       Model |  134.546641     3  44.8488803           Prob > F      =  0.0000 
    Residual |  209.291743    95  2.20307098           R-squared     =  0.3913 
-------------+------------------------------           Adj R-squared =  0.3721 
       Total |  343.838384    98  3.50855494           Root MSE      =  1.4843 

Table 2. the result on software analisis 2 
 

satisfy Coef. Std.Err t P>t [95% Conf Interval] 

x1 .2043351 .0712451 2.87  0.005      .0628957 .3457745 

x2 .29149    .1098707 2.65    0.009      .0733691      .509611 

x3 .2356229   .0704353      3.35    0.001      .0957911 .3754548 

_cons -5.654624  1.332922  -4.24    0.000     -8.300809    -3.008438 

 
From the output above, we obtain the equation of the tobit regression below 
                   0,2043351                             .      (2) 
                                               (0,005)               (0,009)                    (0,001) 
 
Because in equation (2) above, it can be seen that variable x1 has p= 0,005         , thus, 
variable x1 is significant towards satisfy variable which mean the quality of the packed water 
product unesa has influenced to the satisfactory customer. The quality of the mater packed 
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mineral water Unesa are clear, healthy, odourless, refreshing, easy to find, interested packed 
form, and originate from mountain water from which make the customer satisfy.  
 
In equation (2) above, it can be seen that variable x2 has p= 0,009         , thus, variable x2 is 
significant towards satisfy variable which mean the price of the packed water product unesa 
namely: the low price and the price is as high as the quality make the customer satisfy with the 
product. 
 
In equation (2) above, it can be seen that variable x3 has p= 0,001         , thus, variable x3 is 
significant towards satisfy variable which mean the brand image of the packed water product 
Unesa namely: illustrate the advantages, easy to remember, having particular characteristic, and 
recommended  make the customer satisfy with the product. 
 
CONCLUSION 
The Variables of the quality of the product, price, and brand have significant impact toward the 
customer satisfactory from the conclusion analysis by both linear regression and Tobit regression.  
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ABSTRACT 
 
A process to determine the reliability of a product can be undertaken by operating the product 
under a normal condition. There are some products, however, that have high reliability and long 
endurance with a time-limited research. This problem can be solved by developing an 
experimental model where a product is operated above a normal condition, so that the 
reliability’s data or the life time’s data of a product can be obtained in a short time. Such 
experimental model called Accelerated Life Test (ALT). The data are assumed to have a Rayleigh 
distribution which is a special case of the Weibull distribution. The purpose of this study is to 
estimate the ALT model parameters using Maximum Likelihood method. The research was 
conducted by a literatur study from many sources.     The procedures are collecting and reciting 
research materials relating to ALT, explaining the concept of a random variable for a life time 
product, ALT, and Arrhenius equation, forming ALT’s model based on a Rayleigh distribution of 
products’s life time data and constant temperature pressures, then estimating the parameters, 
giving an example, and drawing conclusion. The obtained research are, firstly, the relationship 

 of Rayleigh distribution and the temperature   is  
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Secondly, probability density function (pdf) at time t for each temperature   is  
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To obtain the estimators of the equation above, the Maximum Likelihood method is applied 

followed by Newton Raphson iteration. So, the estimator 
0̂
  and  
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  are the solution of this 

equation, 
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Keywords : Accelerated life test, Arrhenius equation, Rayleigh distribution, Maximum Likelihood 
method,  Newton Raphson method. 
 
 
INTRODUCTION 
A process to determine the reliability of a product can be undertaken by operating the product 
under a normal condition. There are some products, however, that have high reliability and long 
endurance with a time-limited research. This problem can be solved by developing an 
experimental model where a product is operated above a normal condition, so that the 
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reliability’s data or the life time’s data of a product can be obtained in a short time. Such 
experimental model called Accelerated Life Test (ALT). 
Accelerated life testing concerns the collection of lifetime data more quickly than would be the 
case in the normal use of components. For example, an electric toaster may generally only be 
used for half an hour a day. It is possible to simulate years of use by repeteadly using the toaster 
over a few weeks. Accelerated testing concists of a variety of test methods for shortening the life 
of products or hastening the degradation of their performance. The aim of such testing is to 
quickly obtain data which, properly modelled and analysed, yield desired information on product 
life or performance under normal use. 
Other accelerating variables pose different problems. Often, in order to induce failure in a short 
time, it may be necessary to increase the severity of a condition such as temperature, load or 
vibration. The results of any of these tests have to be extrapolated back to the conditions of 
normal use, and care is needed in choosing the model on which to base this. One potential 
problem in accelerating a test is the possibility of introducing a mode of failure which would not 
normally be observed. It is also important that all failure modes occurring at low levels of the 
accelerating variables are seen. 
A statistical model for accelerated life tests concists of a life time distribution that represents the 
scatter in product life and a relationship between life and stress. Usually the mean of the life 
distribution or the parameter of distribution is expressed as a function of the level of the 
accelerating variable. This paper describes one of the accelerated life test on an assumption that 
the life data has a Rayleigh distribution. The parameter of the model has been estimated by the 
Method of Maximum Likelihood.    
 
RAYLEIGH DISTRIBUTION 
The probability density function of Rayleigh distribution has found by John William Strutt and 
Baron Rayleigh III (1842-1919), physicist from UK at 19th century. Rayleigh distribution is a special 

. This distribution is often used for product life, because 
it models either increasing or decreasing failure rates simply. It is also used as the distribution for 
the product properties such as strength, resistence, etc, in accelerated tests (Rausand, 2004). 
According to extreme value theory, it may describe a ‘ eakest link’ product. 
Bain & Engelhardt (1992) say that if random variable of life time T has a Rayleigh distribution with 

 , then the probability density function is given by 
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Figure 1. Rayleigh probability density function 
 
ARRHENIUS RELATIONSHIP 
Nelson (1990) described that Arrhenius relationship is widely used to model product life as a 
function of temperature. This relationship is used to describe many products fail as a result of 
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degradation due to chemical reaction or metal diffusion. The product is assumed to fail when 

some critical amount of the chemical has reacted, is written as  Nt
C

 . 

Here   is a constant of reaction rates, 
E

kKC De


      (1) 

The amount of chemical has reacted that caused the product failure is N, with failure time t. D is 
a constant that is characteristic of the product failure mechanism and test conditions at 
temperature T (Kelvin). E is activated energy for reaction (eV) and k is Bolt mann’s constant 

(                 ⁄ ).  
The relationship (1) show that the life time is inversely proportional than reaction rates. This 
yields Arrhenius relationship as follow:  

E

kKt Ae


       (2) 

Here, A is a constant that depends on product quantity. 
Equation (2) could be formed as linear function using natural logarithm written as 

ln ln
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ARRHENIUS – RAYLEIGH MODEL 
The asumptions of the Arrhenius-Rayleigh model are 

1. At absolute temperature  , product life time t has a Rayleigh distribution. 

2. All the products tests at constant temperature   until failure. 

3.   based on (3) is 
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parameter 
0  and 

1  are the characteristics of the product that would be estimated based on 

sample data. (Nelson, 2003) 

Probability density function (pdf) at time t for any temperature   is 
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Cumulative distribution function (cdf) at time t for any temperature   is 
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Expectation of T at time t for any temperature   is 
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Variance of T at time t for any temperature   is 
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Survival function at time t for any temperature   is 
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Hazard function at time t for any temperature   is 
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PARAMETER ESTIMATION ON MODEL ARRHENIUS - RAYLEIGH 

Based on (5), there are 2 parameters would be estimated, 
0  and 

1 using maximum likelihood 

method (Herrhyanto, 2003). Likelihood function for Arrhenius-Rayleigh model is 
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Natural logarithm for (11) is 
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Maximum likelihood estimates of parameter  
0  and 

1 are the coefficient values that maximize 

the sample log-likelihood function (12). 
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Then we have normal equation 
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These equation, (13) and (14) can be solved with numerical methods, such as Newton Raphson 

method. Suppose that 0

1





 
  
 

η  is a parameter space which 0  and 1 are any real values, then 

general equation of Newton Raphson is 
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       1n n n n  
-1

η η H η g η      

 (15)      

 ng η is gradient vector (orde p x 1) with p the number of parameter that would be estimated. 

The elements of  ( ) are first partial derivatives of log-likelihood function with respect to 

parameter 
0 and 

1 .  ( ) is a p x p Hessian Matrix which elements are second partial 

derivatives for both log-likelihood function with respect to parameter 
0  and 

1 , as follows 
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Parameter estimates for  
0  and 

1  based on (15) is 
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THE APPLICATION 

A company in the automotive field testing of the durability of the engine unit 40 with H -
class insulation material, where the insulating material class H ordinary operated at 
normal temperature of 180. The company wants to know whether the average time 
class H insulation material life reaches 20,000 hours at normal temperature 1800C 
(Rausand, 2004). 
In order to obtain life time data H -class insulation material in a short time, then tested 
for class H insulation material at a temperature above the normal temperature, namely 
1900C, 2200C, 2400C, and 2600C. This testing model called accelerated life test, where at 
each level of temperature, 10 units of the machine are tested to determine the life time 
of the class H insulation materials that operated in the machine. 
Table 1. Lifetime data of insulation material level H (in hour) 

1900C 2200C 2400C 2600C 

7228 1764 1175 600 
7228 2436 1175 744 
7228 2436 1521 744 
8448 2436 1569 744 
9167 2436 1617 912 
9167 2436 1665 1128 
9167 3108 1665 1320 
9167 3108 1713 1464 
10511 3108 1761 1608 
10511 3108 1953 1896 
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(b) 

The data of life time H -class insulation material presented in Table 1 are obtained by the 
test results observed from the time of initial testing to failure and assumed a random 
variable of life time class H insulation materials is distributed as Rayleigh distribution. 
The analysis of raw data is conducted with the Arrhenius graph in order to determine 
whether the distribution of the median value of the data log fit with linear curve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The Arrhenius Graph 

 
Figure 1 ( a) is a graph of log lifetime of insulating material class H to temperature , 
whereas Figure 1 ( b ) is a graph of log median life time of insulating material class H to 
the temperature which indicates that the distribution of the value of log median life 
time of insulating material class H follow a straight line . 

Then it will be determined the value of estimator 
0̂
  and  

1̂
  of the Arrhenius Rayleigh 

model using maximum likelihood methods. Because the estimation results obtained 
cannot be solved analytically, then continued with Newton Raphson iteration. The 

results of estimating process 
0̂
  and  

1̂
  with the initial value which varies stated in 

Table 2 . 
 

Tabel 2. The estimates of  
0̂
  and  

1̂
  from the lifetime data of class H insulation material 

Estimator Number 
of 
Iteration 

0̂


 
1̂


 

Initial Value Estimates Initial Value Estimates 

-3,17 -6,51 3271 7181,08 14 

0 -6,51 0 7181,08 22 

2 -6,51 10 7181,08 18 

 
Based on the table 2, it can be seen that the varying of initial values has obtained the 

equivalent estimates, so the value of estimator 
0̂
  and  

1̂
  are 

0

1

ˆ 6.51
ˆ

ˆ 7181.08
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Then, it will be calculated the expected average life span class H insulation material at 
normal temperature of 180 , ie 
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So the expected average life span class H insulation material at normal temperature 180 
didn’t reach 2 ,    hours. 
Then, it will be calculated the expected value (expectation) and the variance of life time 
H -class insulation material at a temperature of 1800C, ie 
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The variance of a life time class H insulation material at a temperature of 1800C is 
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The survival function of insulation material level H when operated during t hours at temperature 
1800C is 
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The hazard function of insulation material level H when operated during t hours at temperature 
1800C is 
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CONCLUSION  

Maximum estimator of parameter 
0  and 

1  on Arrhenius-Rayleigh model using method of 

maximum likelihood is 

00

01

ˆˆ
ˆ

ˆˆ

n

n









  
    

    

* -1
η H g  

then it is yielded iteratively by Newton Raphson method. 
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ABSTRACT 
Investments can be interpreted as a commitment to invest some funds at this time with the goal 
of obtaining a profit in the future. In other words, the investment is a commitment to forego 
current consumption with the aim of enlarging on future consumption. Investments can be made 
in real assets or financial assets, financial assets may include investments in mutual funds, stocks, 
or PAMM. In carrying out the investment necessary to form a portfolio that is expected to be able 
to increase profits and minimize risks. Artificial neural network is one method that can be used in 
predicting the expected return that can later be used for the establishment of a portfolio. Results 
of this study the formation of a portfolio with expected return 7.76 and expected risk 3 with the 
weight of each investment manager of 90556 is 0.18, 95201 is 0.29, 97882 is 0.12, 112993 is 0.21 
and 115802 is 0.19.  
 
Key words: financial asset, investments, pamm, neural networks, portfolios. 
 
INTRODUCTION 
Everyone is faced with various options in determining the proportion of funds or resources at 
their disposal for consumption today and in the future. Investments can be interpreted as a 
commitment to invest some funds at this time with the goal of obtaining a profit in the future. In 
other words, the investment is a commitment to forego current consumption with the aim of 
enlarging on future consumption. Investments can be associated with the planting of a number 
of funds in real assets such as land, gold, houses, and other real assets or financial assets such as 
deposits, stocks, bonds, and other securities (Tandelilin, 2010). 
PAMM (Percentage Allocation Management Module) is a container investment provided by the 
broker in which investors can choose where to invest in a financial instrument managed by the 
investment manager. Invest in PAMM indirectly have approved systems sharing between 
investors and investment managers. With so many options that can be selected investment 
managers, we need a strategy to diversify investments by establishing a portfolio in order to 
maximize profit-making investments and minimize losses.  
Investors who will invest their funds in a portfolio format can use the Markowitz model to help 
choose an investment manager that deserves to be followed. Markowitz portfolio selection 
(1952) is based on the assumption that investment decisions depend solely on the expectation 
value 𝜇  and variance   

  of the total return portfolio (Becker et. al, 2010).  Markowitz model 

showed that the variance of portfolio returns on financial securities depends not only on how 
risky the individual assets in the portfolio but rather to the risk relationship of the securities 
(Suqaier dan Ziyud, 2011). 
Formation a portfolio with these models provide the benefit that each investor can take 
advantage of all the information available in the market. The assumptions underlying the 
establishment of a portfolio using the theory of Markowitz, the time used in the study only one 
period, investors are basing the calculation on the value of the portfolio expected return and risk, 
there is no risk-free loans and deposits, as well as the absence of transaction costs calculation 
(Hartono, 2010:312). 
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Expected Return of a portfolio is the sum of the expected returns of each type of investment in 
the portfolio multiplied PAMM forming respective weights of each type of PAMM investing in a 
portfolio or can be written as in equation  

 (  )  ∑    (  )
 
     

where :   (  ) = Expected return of portfolio 

      (  ) = Return investment PAMM-i 
            = The proportion of funds invested in PAMM-i 
∑      

     (Markowitz 1952). 
Variance portfolio reflects the risk of the portfolio. Mathematically variance of a portfolio can be 
written 
   ∑   

   
   

   ∑ ∑         
 
   

 
     

where  :    =Variance of portofolio 
     = Covariance of PAMM i and j 

        = The proportion of funds invested in PAMM-i 
  

   =Variance PAMM-i (Markowitz 1952). 
In determining the expected returns there are several methods that can be done, one of them is 
the method of Artificial Neural Network (ANN). ANN is a computer-based information processing 
techniques that simulate and model the biological nervous system. 
 
Artificial Neural Network 
ANN model is to create a model of computing system that can mimic the workings of biological 
neural networks. ANN formed as a generalization of mathematical models of biological neural 
networks with the following assumptions : 
Processing of information occurs in many simple elements (neurons), 
Signals are transmitted between neurons via connectors, 
Liaison between neurons have weights that will strengthen or weaken the signal, 
To determine the output, each neuron activation functions imposed on the sum of the input 
received. The magnitude of the output is then compared to a threshold (Siang, 2005). 
Neurons are information processing unit that became the basis for the operation of the ANN. 
Neurons consist of three elements forming : 
The set of units that are connected to the connection point. These pathways has a weight / force 
vary. Weights are positive will amplify the signal and the negative signal will weaken underneath. 
The amount, structure and pattern of the relationship between these units will define the 
network architecture (and also network model is formed). 
A summing unit which will add input signals that have been multiplied by the weight. Ex. 
           is unit input and            is liaison weight of these units to the output units Y, 
then the unit will provide the output of the summing     w  +  2w2  ,…, +  nwm. 
Function activation will determine whether the signal from the input neuron will be forwarded to 
other neurons or not (Siang, 2005). 
JST is determined by the following 3 steps : 
The pattern of relationships between neurons (called a network architecture), 
The method for determining the weight of connectors (called an algorithm training / learning / 
training / learning), 
Activation function (Siang, 2005). 
 
Network Architecture 
Several network architectures are often used in ANN among others : 
Single Layer Network 
In this network, a set of input neuron is connected directly with a set of keluarannya.Sinyal flow 
direction of the screen (layer) input to the screen (layer) output. Each node is connected to the 
other node that is located above and below, but not with nodes that are on the same layer.  
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Figure 1. Single layer network 

In figure 1 shows the architecture of a single-screen network with n input (x1, x2,..., xn) and m 
output(Y1, Y2,..., Ym). 
Multiple Layer Network 
This network is an extension of single-screen network. In this network, in addition to the input 
and output units, there are other units (often called the hidden screen (zj)). It is also possible 
there are some tersembunyi.Sama screen as the input and output units, units in one screen are 
not interconnected. One of the models that fall into this category are  Backpropagation. 

 
i = 1,2,...,n 
j = 1,2,...,p 
k = 1,2,...,m 
Figure 2. Multiple layer network 

In the figure 2 shows a network with n unit input (x1, x2,..., xn), a hidden layer consisting of p 
pieces of unit (z1,z2,..., zp) and m unit output (Y1,Y2,…,Ym) (Siang, 2005). 
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Y 

f (x) 

In the JST, the activation function is used to determine the output of a neuron. Activation 
function arguments are net input (linear combination of input and weight). If      ∑     , 
then the activation function is  (   )   (∑     ). 

 ( )  
 

     
 

Sigmoid function is often used because the value of the function which lies between 0 and 1 and 
can be lowered. 

  ( )   ( )(   ( )) 
 
 

 
 
 
Figure 3. Sigmoid Function 

 
Bias and Threshold 
In the network added an input unit which is always worth 1.Unit such is called bias. Bias is used 
to change the threshold value being worth 0. If it involves a bias, then the output of the summing 
unit is : 

       ∑     

 w0 = weigh of bias 
i = 1,2,...,n 
threshold function activation : 

 (   )  {
                                
                            

 

 

   
Figure 4. Threshold function with  bias (Siang, 2005) 
 
METHODS 
Procedures 
The procedures used in this study are as follows : 
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Collecting data PAMM investment manager. 
Analyze the data PAMM, the data to be trained and the data to be tested. 
Train data using ANN using Matlab. 
Training algorithm of the network is as follows: 
1. Initialize the weights (assets to small random values) 
2. In the stop condition is false, do : 
For each pair of training, do feedforward : 
Each unit input (xi, i  ,2,…n) receiving input signals and these signals propagate to all units of the 
upper layer (hidden units). 
Each unit is hidden (zj,  j=1,2,…, ) summing the weighted input signal 

           ∑  

 

   

    

and apply the activation function to calculate the output signal 

    (      )  
 

          
 

and sends the signal to all units in the upper layer (output units). 
Each unit output (Yk, k  ,2,…,m) summing the weighted input signal 

           ∑  

 

   

    

and apply the activation function to calculate the output signal     (      )  
 

          
 

For each pair of training, do backpropagation : 
Each unit output (Yk, k  ,2,…,m) receiving a target pattern (tk,k  ,2,…,m) corresponding to the 
training input patterns, calculate error information (δk,k  ,2,…,m) 

   (     )(  (      ))  (     )(  (    )) 
then calculate the correction  eights (Δ) (used for repair vjk, k  ,2,…,m,j=0,1,…,  ). 
            α= Learning rate 

Calculating the bias correction (Δ) (used for repair v0k, k  ,2,…,m),          
After it sends   , k  ,2,…,m to the unit in the uppermost layer. 
Each unit is hidden (zj, j=1,2,…, ) summing inputs   (from the upper layer unit) 

       ∑     

 

   

 

multiply this value by derivatives activation function to calculate the error information (δj, 
j=1,2,…, ),          (  (      ))        (  (    )) 

then compute the correction  eight (Δ) (used for repair wij, j=1,2,…, ,  = , ,…,n),      

      after calculating the bias correction (Δ) (used for repair w0j, j=1,2,…, ),         

Repair weights and biases 
Each unit output fixing weights and biases 
   (    )     (    )                                  

each unit is concealed fixing weights and biases  
   (    )     (    )                                   

Training the stop condition (Kristanto, 2004). 
Test the accuracy of the data pattern of the results of training to use MSE. 
 

    
 

 
∑  
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                      (Makridakis dkk, 1999). 



 

Proceedings of International Conference on NAMES 2015 | The Formation of Portfolio of Percentage Allocation Management 
Module (Pamm) 

259 

 

Forecasting the return of  PAMM by using ANN. 
Establish an investment portfolio 
Data analysis 
The data used in the data with the number 18 the period of March 2014 until August 2015. 
Table 1. Data Jenis PAMM 

Manager 90556 95201 97882 112993 115802 

Mar-14 20.77 1.68 3.23 2.67 0.8 

Apr-14 9.56 0.98 3.44 2.23 7.87 

May-14 12.29 -1.03 3.22 1.92 8.32 

Jun-14 9.16 0.49 6.01 8.37 10.47 

Jul-14 15.19 1.31 7.44 6.94 8.63 

Aug-14 12.19 1.28 11.37 -2.96 12.37 

Sep-14 14.87 2.45 28.98 8.17 -1.56 

Oct-14 19.96 1.76 6.28 20.43 16.77 

Nov-14 6.89 1.35 9.51 12.04 29.11 

Dec-14 13.55 0.31 7.43 16.47 13.21 

Jan-15 11.31 6.38 6.33 29.15 2.24 

Feb-15 4.33 3.91 1.25 21.72 1.54 

Mar-15 12.41 2.63 2.02 17.31 5.34 

Apr-15 9.85 -3.13 2.87 8.76 6.19 

May-15 7.73 1.49 1.78 13.41 2.42 

Jun-15 1.69 2.99 2.43 8.36 3.94 

Jul-15 0.93 -0.89 2.53 8.36 2.33 

Aug-15 5.55 3.79 3.89 9.72 6.3 

 
RESULTS AND DISCUSSION 
From the data in Table 1 is done is done normalizing the data so that the data is in the interval [0 
1] so that the data are normal and will be training phase using a neural network : 
 

 
Figure 5. Neural Network 

 
The results obtained by conducting training on artificial neural network as follows : 
Table 2. Parameters and Results Training ANN 

Manager 
Training 

E(P) 
Epoch Target error Learning rate MSE 
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90556 676 0.0001 0.1 0.0000991 4.69 

95201 358 0.0001 0.1 0.0000991 0.13 

97882 1000 0.0001 0.1 0.000447 3.39 

112993 171 0.0001 0.1 0.0000961 5.74 

115802 475 0.0001 0.1 0.0000978 2.48 

In the table 2 can be seen that the greatest expected return is owned by an investment manager 
112993 with the number epoch 171, MSE is 0.0000961 and expected return is 5.74. As for the 
lowest expected return which is owned by investment managers 95201 with the number epoch 
358, MSE 0.0000991 and expected return is 0.13.  
After getting the expected return on each investment manager, it will be the establishment of a 
portfolio of five investment managers. 
Portfolio weights 
For the formation of the portfolio does not always use the amount of the composition or the 
same application to get the maximum return, here is the weight given table : 
Table 3. Portfolio weights 

Manager Weights I Weights II 

90556 0.18 0.2 

95201 0.29 0.2 

97882 0.12 0.2 

112993 0.21 0.2 

115802 0.19 0.2 

 
Expected Return Portofolio 
To determine the expected return portfolios using Markowitz as follows : 

 (  )  ∑    (  )
 
     

where :   (  ) = Expected Return of portofolio 

      (  ) = Return of Investment of PAMM ke-i 
            = The proportion of funds invested in PAMM-i 

∑    

 

   

 

 (  )                                                      

 (  )                                                    

Expected Risk Portofolio 
Using Markowitz method for determining the risk of a portfolio as follows : 
 
   ∑   

   
   

   ∑ ∑         
 
   

 
     

where  :    = Variance of portofolio 
    = Covariance of PAMM i and j 

        = The proportion of funds invested in PAMM-i 

  
   = Variance of PAMM-i 

 
Before determining the risk of a portfolio, sought beforehand variance and covariance matrix. 
 
 
 
 
 
Table 4. Matrix Variance 

Manager 90556 95201 97882 112993 115802 

90556 30.07474 -0.34454 11.20274 -1.93285 3.500728 
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95201 -0.34454 4.45285 1.431438 9.245007 -3.29994 

97882 11.20274 1.431438 40.61881 -6.60924 0.900009 

112993 -1.93285 9.245007 -6.60924 63.7751 -1.52125 

115802 3.500728 -3.29994 0.900009 -1.52125 51.95612 

 
Table 5. Matrix Covariance 

Manager 90556 95201 97882 112993 115802 

90556 1 -0.02977 0.320523 -0.04413 0.08856 

95201 -0.02977 1 0.106436 0.548609 -0.21695 

97882 0.320523 0.106436 1 -0.12986 0.019591 

112993 -0.04413 0.548609 -0.12986 1 -0.02643 

115802 0.08856 -0.21695 0.019591 -0.02643 1 

 
The following is a summary of the results of portfolio formation : 
Table 6. Portfolio of PAMM 

Manager Expected Return Weight 1 Weight 2 

90556 4.69 0.18 0.2 

95201 0.13 0.29 0.2 

97882 3.39 0.12 0.2 

112993 5.74 0.21 0.2 

115802 2.48 0.19 0.2 

Expected Return Portfolio 3 3.29 

Expected Risk Portfolio 7.76 8.64 

In the table 6 it can be seen that the portfolio I formed generate the expected return of 3 and 
expected risk of 7.76. whereas for portfolio II get expected return 3.29 and expected risk 
portfolio amounted to 8.64. 
 
CONCLUSION 
In the formation of the investment portfolio, especially in terms of investment in the Investment 
Account Manager can be done so that the establishment of a diversified investment portfolio is 
formed and risk can also be reduced 
By forecasting expected return using artificial neural networks and combined with the weighting 
for the determination of the investment portfolio, then obtained the expected return on the 
portfolio I is 3 and risk of the portfolio amounted is 7.76 and for portfolio II obtained the 
expected return is 3.29 and the risk of the portfolio amounted is 8.64. 
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ABSTRACT 
Area measurement has been taught to the students in elementary school grade four. Most 
students just were taught the formula to find the area of two-dimensional shapes. Consequently, 
they find difficulties how to determine the area if the shapes are in irregular form. It means they 
can not use the formula directly to solve the problems. This is show that the students do not 
understand the concept of area measurement itself. The aim of this research is to support 
students in learning the area measurement of two-dimensional shapes using contextual 
situation. Therefore, the teaching and learning of area measurement was designed using Realistic 
Mathematics Education approach. Students in grade four in SD Islam Sabilal Muhtadin were 
involved in this research. 
 
Keywords: area measurement, contextual situation, realistic mathematics education 
 
INTRODUCTION  
One topic in elementary mathematics that we use the most is measurement (Reys, et al, 1984; 
141). Did you tell someone how far it is to your school, how many children in your class, how long 
it took you to drive to the bookstore? Any of these would be a measurement. Van den Heuvel-
Panhuizen (2005: 29) stated that the goals of measurement education are to teach the children 
to measure with an appropriate measure and to solve simple measurement problems, one of 
them is about area. 
Area is a number of two-dimensional surfaces that has a boundary and that can be quantified in 
some manner (Baturo & Nason, 1996; Haris & Ilma, 2011: 56). Finding the area of a region can be 
thought of as tilling a region with two-dimensional unit of measure (Clements & Stephen: 2004; 
Yuberta, et al: 2   :  75). Cavanagh (2  8: 55) also stated, “the basis of area measurement lies in 
understanding how a specified unit can be iterated until it completely covers a flat surface, 
without leaving gaps or overlaps.” Measuring area could use a variety of  ay. Building upon 
students’ reasoning of area measurement, they need practice of activities that is able to 
stimulate their idea. 
The emphasizing of teaching and learning of area measurement should not only in using the 
formula but also giving the students of opportunity to study the pattern, identical unit, and 
structure of the array (Fauzan, 2002). Although children know the measuring instruments and 
apply the formula that dominates to solve the problem about area, there is no guarantee that 
they understand what measurement of area is (Haris & Ilma, 2011: 56). It is preferable to make 
students familiar with a number of units and applications that are relevant to daily life, and to 
place the emphasis on developing concept, rules, and procedures. 
Considering the aforementioned issue, it seems to be necessary to develop teaching and learning 
activities referred to Realistic Mathematics Education (RME). RME comes from The Netherlands. 
Dutch primary school students experience realistic mathematics, with emphasis on using 
common sense to solve a problem. Students will have seen mathematics as a subject worth 
exploring and will be highly interested in investigating problem (Dolk & Hertog, 2003: 2).  
According to Freudenthal, pupils should not be treated as passive recipients of ready made 
mathematics, but rather that education should guide the pupils towards using opportunities  to  
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discover  and  reinvent  mathematics  by  doing it themselves (Zulkardi, 2002; Kamaliyah & 
Novita, 2011: 882). It became a principle of RME that was  developed in the  Netherlands. In 
RME, students are given many  opportunities to think  and  construct  their own understanding. 
Treffer (Shanty, 2011; Hadi et al., 2014: 26) defined five tenets for RME, namely: the use of 
contextual problems, the use of models or bridging by vertical instruments, the use of         ’ 
own creation and contribution, the interactive character of the teaching process or interactivity, 
and the intertwining of various mathematics strands or units. 
The aim of the research was to construct a learning environment that will challenge students to 
build their understanding about area measurement, by providing a contextual situations that 
support students in learning area measurement. 
    
MATERIALS AND METHODS 
Based on the theory of RME, we know that giving a meaningful situation to young children can 
keep their activeness in the learning process (Mariana, 2010: 58). In this process, the teacher 
should anticipate what students mental activities emerge with seeing the learning goal. This 
envisions or anticipation was called hypothetical learning trajectory (HLT) (Simon, 1995; Wijaya, 
2008; Haris & Ilma, 2011: 59).  
However, it is not easy task to do for the teacher. Therefore, we thought about the support that 
we could give to the teacher, that is a learning environment that will challenge students to build 
their understanding about area measurement, by providing a contextual situations. 
In this study,  e used some tools that can support children’s mathematical thinking as explained 
in the following table. 
   
Table 1. Overview of the HLT in the Instructional Design 

Sections Tools Goals What the teacher should do Expectation 

Bridging 
the 
contextual 
situation 

Picture of the 
floor of Sultan 
Suriansyah 
Mosque 

To observe 
tiles on the 
floor 

Show the slide of the mosque picture 
Ask students to observe the floor of the 
mosque which is covered by square tile. 
Discuss the following questions: what the 
two-dimensional shape that cover the floor 
is? Do the tiles cover all of the floor? Do 
the tiles cover the floor with gaps or 
overlapping? 

Realizing the 
tile’s shape and 
giving a name 
relate to the 
two-
dimensional 
shape 

Covering a 
region 
with area 
unit with 
no gaps or 
overlappi
ng 

Pieces of 
paper in 
rectangular, 
triangular, 
and square 
form 
Pieces of 
paper in 
square form 
in two 
different size 
Ruler  

To cover the 
floor using 
the pieces of 
paper 
To cover two 
rectangles 
using 
different 
square unit 
To draw 
square unit 
on irregular 
shape using a 
ruler to find 
the area 

Give students the pieces of paper in 
rectangular, triangular, and square form. 
Ask students to work in group to cover the 
floor by choosing the form they want. 
When students in work, give them 
guidance by posing the statement, so that 
they cover the floor without gaps or 
overlapping. 
Give chance  to the students to choose the 
easiest form of the pieces that can cover 
the floor 
After that, ask students to work 
individually to cover the rectangle using 
square units which are different in size. 
Ask students to find the number of square 
unit used to cover the floor. 
Discuss with the students that the number 
of square unit covering the rectangle is its 
area 
Give the irregular shape to the students 
and ask them to find the area 

Choosing the 
easiest form of 
the pieces to 
cover the floor 
Finding the 
number of 
square unit to 
cover the 
rectangle 
Finding the area 
of irregular 
shape 

Linear Pictures of To determine Show the pictures one by one to all Determine the 
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measure
ment 

rectangle and 
square 

that area 
measurement 
is the product 
of two linear 
measurement
s 

students and ask them to find the area as 
fast as possible  

area by 
multiplying the 
length of two-
dimensional 
shape 

 
Participants 
Six fourth graders in SD Islam Sabilal Muhtadin, Banjarmasin participated in the study. The 
students were consisted of 3 girls and 3 boys. In group discussion, they were separated into two 
groups: boys and girls. 
 
Data Analysis 
The study was perform in three sections as in HLT. As mentioned in our HLT, each section brings 
some goals that are as our expectations. We  ould look into students’ actions during the 
activities rather than their ability in solving the problems. Therefore, the result will be analyzed 
qualitatively. 
In order to keep validity of the result, we elaborated three views of observations. They were an 
observer of teacher experiment (to keep teacher’s actions stay in our HLT), an observer of class 
experiment (to observe students activities both in observer point of view and teacher point of 
view), and the digital camera (to explore other signs, both from teacher and from students). 
 
RESULTS 
Pre-test 
The students had learned about area and perimeter when they were in grade three, so for the 
pre-test, the students should answered 5 questions about area and perimeter. Based on the 
result of the pre-test, most students confused about area and perimeter. They find the perimeter 
though the question requested the area, and vice versa. There was also student get the wrong 
answered because she made a mistake when she measured the sides of the shapes using a ruler. 
She counted the unit (cm) from 1 not from 0 (Table 2). 
 
Table 2.  The result of students’ pre-test 

Student Correct answer Wrong answer Error 

A 3 2 Confuse about area and perimeter 
Made mistake when measuring using a ruler 

C 2 3 Confuse about area and perimeter 
Made mistake when measured using a ruler 

F 3 2 Confuse about area and perimeter 

H 4 1 Can not solve the problem because forget the formula 

M 4 1 Confuse about area and perimeter 

R 4 1 Can not solve the problem because forget the formula 

 
 
Observing tiles on the floor 
Next activity, the teacher provide the picture of Sultan Suriansyah Historical Mosque and lead 
students to see the floor (Figure 1). The floor was covered by tiles in square form. There was a 
students  ho said that the floor in our room also covered by square tiles. The students’ realized 
that the tile’s shape  as a square. But they failed to give reason  hy they called it a square. They 
just guessed the tile’s form by seeing the picture. 
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Covering the floor using the pieces of paper  

Figure 2. Group discussion (left) and the work of the one group (right) 
 

In this activity, teacher provided pieces of paper in square, rectangular, and triangular form 
(Figure 2). The students  orked in group and they had to decide the tile’s shape to cover the 
floor in which easy for them. None group chose the triangular form. The group work was no in 
the same unit. So, the teacher just emphasized that the floor must be covered with the tile 
without gaps and overlapping.  
 
Covering two rectangles using different square unit   
Farther, the teacher gave the individual task. The students must cover 2 rectangles using 2 square 
units different in size as in Figure 3. Then, students counted the square units covering the 
rectangle. At the end of the activity, students knew that the number of square unit was different 
for the same rectangle because the square units were different in size. The teacher stressed the 
concept of area, that is an amount of two-dimensional surface that is contained within a 
boundary and that can be quantified in some manner (Baturo & Nason, 1996; Clements & 
Stephan, 2001: 15).  

 
 
 
 
 
 

 
 
Drawing square unit on irregular shape using a ruler to find the area 
Furthermore, the students got difficult task. They had to find the area of a star and a cloud. All of 
them confused. Some of them try to measure the length one of the star’s sides using a ruler. It 
 as 2 cm in long, so the area  as 2 x 2   4. “Are you sure the area was 4? Is the area of the star 
similar to a rectangle whose side 2 cm in long?” the students said no hesitantly.  Then, they tried 
to measure the length of all the sides afterwards summing the length, but they were still 
doubtful. After a few minutes later, there was a student who try to draw the square grids on the 
star. When the teacher asked, how he found the way, he just said that he tried it out. The teacher 
showed his work to other students in which they followed his way immediately, even though the 
teacher did not said that the way was correct. Therefore, all students could count the square 
units on the star and cloud to find the area.    
 

 
 
 
 
 
 
 

Figure 3. the same rectangles in different 

square units Historical Mosque 
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Determining that area measurement is the product of two linear measurements 
To achieve the goal on this stage, teacher provided six pictures as in Figure 5. The students 
figured out how many squares in pictures, with less and less graphic information of clues. They 
should find the area of the two-dimensional shapes. In doing this, all students answered the 
questions quickly and right. On the last two questions, students determined the area by 
multiplying its side length. At the end of the activity, teacher and students concluded the formula 
of area for two-dimensional shapes. 
 

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 
(5) 

 
(6) 

Figure 5. Pictures of rectangle and square that were shown to students 

 
Post-test 
The result for the post-test was showed in Table 3. Based on the result, students were still 
difficult to distinguish area and perimeter, because our teaching and learning activity just about 
the area. The students were not carefully read the question so that they find the area for all 
questions. However, the number of right answer of students increased.  
Table 3.  The result of students’ post-test 

Student Correct answer Wrong answer Error 

A 4 1 Confuse about area and perimeter 

C 3 2 Confuse about area and perimeter 

F 2 3 Confuse about area and perimeter 

H 4 1 Confuse about area and perimeter 

M 4 1 Confuse about area and perimeter 

 
DISCUSSION 
Together, the results of the study suggest that the students held three closely-related 
misconceptions about the areas of two-dimensional shapes. Firstly, students in this study 
confused area and perimeter. The evidence for the confusion comes from their calculating the 
perimeter of rectangle when they were required to find the areas, and vice versa. The latter may 
 ell be an example of  hat Tierney, Boyd, and Davis ( 99 ) refer to as students’ use signposts, or 
familiar ideas which they revert to when confronted by a task for which they see no immediate 
solution strategy (Cavanagh, 2008: 56). In this case, the signpost (perimeter/area) was more 
familiar to some students, even though it was unrelated to the task (finding area/perimeter). The 
confusion between perimeter and area is due  partly to a lack of understanding of area and to 
premature introduction of the formulas (Reys, et al, 1984; 157). 
The second commonly-held misconception related to the students’ tendency in using a formula 
to find the area. They thought that they can solve the problems about the area only if they knew 
the formula. Some students grumbled that they can not solve the problem since they forgot the 
formula. It was maybe because in grade three, the tendency of teacher and textbooks moved too 
quickly to the use of formula for the area of basic shapes, deprived students of the opportunity to 
study the pattern and structure of array.   

Figure 4. Student A explained his strategies in finding the area of irregular shape 
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Finally, students showed a limited understanding in constructing grid by hand in order to find the 
area of irregular shapes. They drew grids without using units on a ruler though they used a ruler 
to make the grids. They just predicted the grids were in the same size. It seemed that the 
students did not accustomed to use the right size in the drawing. 
 
CONCLUSION 
The results of the present study clearly indicate that it is dangerous for teachers to assume that 
students who correctly apply a formula to calculate the area of a rectangle have an 
understanding of how and why the formula works and in which contexts it  can be appropriately 
used. 
Taking time to develop the area formula more slowly allows students the chance to develop a 
sound conceptual understanding as a solid basis for further work in area measurement. It also 
affords many opportunities to discuss likely misconceptions as they inevitably arise, so that 
misunderstandings can be revealed and corrected before they become too firmly established. 
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ABSTRACT 
This paper will develop inference tools in a semiparametric partially linear regression model with 
missing response data. A class of estimators is defined that includes as special cases a 
semiparametric regression imputation estimator, a (marginal) propensity score weighted 
estimator and  a marginal average estimator. Shown is that any of our class of estimators is 
asymptotically normal. Three special estimator have the same asymptotic variance. They achieve 
the semiparametric efficiency bound in the homoscedastic Gaussian case. We show that the 
jackknife method can be used to consistently estimate the asymptotic variance. Under  all  the 
conditions  mentioned above, we can estimate the mean of  Y, say   . The estimation uses  
confidence interval estimation with missing response based the normal approximation method. A 
simulation study is conducted to compare between the three special estimators with the normal 
approximation based method in terms of coverage accuracies and limit values of confidence 
intervals. 
Key words : Asymptotic normality,  confidence interval,  partially  linear  model, semiparametric  
imputation  and  weighting  estimator. 
 
INTRODUCTION 
Let  X  be  a d-dimensional  vector of  factors and let  Y be  a response variable influenced  by  X. 
In practice, one often obtain a random sample of incomplete data  
(        )       i = 1, 2, ...... n, 
where all the Xi’s are observed and        if  Yi  is missing and       otherwise. It is desired to 
estimate the mean of Y, say  . This kind of sampling scheme can arise because of double or two-
stage sampling, where first a complete sample of response and covariate variables is obtained 
and then some additional covariate values are obtained, perhaps because it is expensive to 
acquire more Y’s. 
A natural compromise between the linear model and the fully nonparametric model is to  allow 
only some of the predictors to be modeled linearly, with others being modeled 
nonparametrically. This motivates  us to consider  the following semiparametric regression model 
:   

     
    (  )                                                             (1.1) 

where the Yi’s are independent and identically distributed ( i.i.d.) scalar response variables, the 
Xi’s are  i.i.d. d-variable random covariate vectors, Ti’s are  i.i.d.  d*-variable  random covariate 
vectors, the function g(.) in unknown, and the model errors    are independent with conditional 
mean 0 given the covariates. Clearly, the partially linear models contain at least the  models as a 
special case. Suppose that the model is linear, but we specify it as a partially linear model. The 
resulting estimator based on the partially linear model is still consistent. Hence, the patially linear 
model is a flexible one and allows one to focus on particular variables that are thought to have 
very  nonlinear effects; see Wang et al., (Engle et al,.1989). 
In this paper,  we are interested in inference on the mean of  Y, say   , when there are  missing 
responses in the  semiparametric regression model (1.1). Specifically, we  consider the case  
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where some Y values in  a sample of size n may be missing, but X  and T are observed completely. 
That is, we obtain the following incomplete observations :  
 
(           )           i    ,2,3,…,n. 

 
From model (1.1), where all the Xi’s  and Ti’s  are observed and      if  Yi is missing and      
otherwise. Throughout  this paper, we assume that  Y  is missing at random (MAR). The MAR 
assumption implies  that     and Y  are conditionally independent given X and T. That is,  
 (   |     )   (   |   ). MAR is a common assumption for  statistical analysis with 
missing data  and is reasonable in  many practical  situations, following the article by Wang et al., 
(Little & Rubin,1987). 
 
ESTIMATION 
In this section, we first describe how to estimate the regression function. Premultiplying  (1.1) by 
the observation indicator, we have  

           i Yi = i Xi
T
 + i g (Ti) + i i, 

Taking conditional expectations given T, we have  

   g(t),  t T  E]β t T X [ E t T Y E iii

T

iiiii    

From which it  follows that 

g(t) = g2(t) – g1(t)T
,                 (2.1) 

where 

g1(t) =  
 tT E

tT XE







           dan           g2(t) = 
 
 tT E

tT YE








 

It follows that  

i [Yi - g2(Ti)] = i [Xi - g1(Ti)]
T
 + i i,                                           (2.2) 

which suggests that an estimator of     can be based on a least squares regression using        
observations  and estimated     ( )  j =1,2.  

Let K(.) be  a kernel function and let hn be a bandwidth sequence tending to 0  as         and 
define the weights  

Wnj(t) =   
  nj

n

1j j

nj

h/T-tK  

h/T-tK

 


. 

Then  (t)g~1n  =  

n

1j jnjj X (t)  W   and  (t)g~2n = 

n

1j j njj Y (t) W  are consistent 

estimates of  g1(t)  and  g2(t), respectively. From (2.2), the estimator of     is then defined as the 
one satisfying  

    
2n

1i

i1nii2nii β)(Tg~-X)(Tg~-Y  min





.                        (2.3) 

From (2.3), it is easy to obtain that the estimator of     is given by  

nβ̂  =      x)(T g~-X )(T g~-X δ

1
n

1i

T

i1nii1nii












    



n

1i

i2nii1nii )(T g~-Y )(T g~ -X  ,  

based on  the  observed triples (Xi,Ti,Yi) for  i  {i:i =1}. Equation  (2.1) suggests  that an estimator  
of  g(t)  can be defined to  be  

   n

T

n12nn  β̂ (t) g~ - (t) g~  (t)ĝ  , 

by  replacing   ,  g1(t)  and  g2(t)  in   (2.1)  by (t) g~   , β̂ 1nn
   and  (t)g~ 2n

. 

 We  now  turn to the estimation of   . Consider  now  the general class of estimators  

 
 











n

1i

n

1i iin

i

iin

ii

)T,(X *P
-1

n

1

)T,(X *P

Y 
 

n

1
 θ̂

  )(Tĝ  β̂ X inn

T

i  ,  



 

Proceedings of International Conference on NAMES 2015 | Confidence  Intervals  for  Semiparametric  Regression Analysis  
With Missing Response  Based The Normal  Approximation Method 

270 

 

where  Pn*(x,t)  is some sequence  of quantities with probability limits Pn*(x,t). We are 
particularly interested in some special cases. First, when  Pn*(x,t) = 1, we  have the regression 
imputation estimator of    : 

 



n

1i

inn

T

iiiiI ))(Tĝβ̂(X  )δ-(1  Y δ 
n

1
 ̂ . 

When Pn*(x,t) =  , we have the  marginal average estimator  

   



n

1i

inn

T

iMA )(T ĝ  β̂ X
n

1
 ̂ , 

which just averages over the regession function.  

Define the marginal propensity score   P1(t) = P(=1T=t). When  

Pn*(x,t) = 
























n

1j n

j
n

1j n

j

j1
h

T-t
K 

h

T-t
K  (t)P̂  , 

we have the (marginal) propensity score weighted estimator  

  
 




























n

1i

inn

T

i

i1i1

ii
p1 )(T ĝ  β̂ X 

)(TP̂
1

)(T P̂

Y 

n

1
  ˆ i

 . 

The  estimator   ̂    is different from the usual propensity score weighting method that uses  an 

estimator  of  the full propensity  score. Let  ̂   define  either    ,     , and     . These estimators  
only rely on one-dimensional smoothing operations  and explicitly  define. These two properties 
are desirable  from a computational and  statistical point of view. 
 
ASYMPTOTIC  NORMALITY 

We next  state properties  of ̂   with Pn*(x,t)   t)(x,P̂  (t),P̂,,1 n1   and propose consistent 

variance estimator. Let   t),T1p(    (t)P1     t),Tx,X1p(   t)P(x,  

 βxt)m(x, T g(t) dan 2T2 g(T)βXE[(Yt)(x,σ  X = x,T = t]. Then define u(x,t) = 

x-g1(t),   =  E [P(X,T) u (X,T) u (X,T)
T
]. Denote by  g1r(.)  the  rth component  of  g1(.). Let  .  be 

the Euclidean norm. The following assumptions are  needed for the  asymptotic normality of  ̂  :  

1). Supt E    tTx
2

.  2). The density of  T, say  r(t), exists and satisfies 




  r(t) sup  r(t) inf 0
[0,1]t[0,1]t

.   3).  Supx,t E[Y2
X = x,T = t]  .  4).  g(.), g1r(.)  and   g2(.) satisfy  

Lipschitz  condition  of order 1.  5).  a. P1(t)  has bounded partial derivatives  up to order 2 almost 

surely. b. inf x,t P(x,t) > 0.    6).    = E[P(X,T) u(X,T)  u(X,T)T]  is  a positive-definite matrix.  
7). a. There exist constants M1 > 0, M2 > 0 dan ρ > 0 such that 

     uIMK(u)uIM 21  .    b.   K(.) is a kernel function of order 2. 
8).  a. The function kernel  W(.)  is  a bounded  kernel  function with  bounded support  and 
bounded  variation.     b.   W(.)  is  a  kernel of  order  k ( > d+1).     9).           and     

       

10).      
 (   )

           and       
       

Theorem 1. (Wang et al., 2004) 
Under  all the assumptions mentioned  above,  we have :  

  V)N(0,n  dˆ  , 

where  

V = E [(0(X,T)+1(X,T))2  P(X,T)  2(X,T)] + Var[(X,T)]  with  0(x,t) = 1/P1(t) and 1(x,t) = E[u (X,T)T] 

 
-1

 u(x,t) when  Pn*(x,t)   (t)P̂,,1 1    and  0(x,t) = 1/P(x,t) and  1(x,t) = 0  when  Pn*(x,t)  is 

taken to be  t)(x,P̂ . 
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Our  estimator   ̂ ,  for   which  Pn*(x,t)  (t)P̂,1, 1 ,  have  a common   asymptotic  variance 

V* = V  with  0(x,t) = 1/P1(t)  and   1(x,t) = E[u(X,T)T]  -1 u(x,t). The asymptotic equivalence 
result is similar to the marginal everage estimator, the imputation estimator and the  marginal 
propensity score weighting estimator.To  define  a consistent estimator  of V, we may  first define  

estimator  of  P(x,t),  P1(t), 2(x,t)  and  g1(t)  by kernel regression method and then define  a 
consistent  estimator of  V  by a plug in method. However, this method may not  estimate  V  well 

when the dimension of  X  is high. This  can be avoided because  both  P(x,t)  and  2(x,t)  only 
enter in the numerator  and can be replaced  by  squared  residuals  or the  indicator  function 
where  appropriate. 

An alternative  is jackknife variance  estimator. Let   ̂    be ̂    based  on    {(Yj,j,Xj,Tj)} ij     for    

i = 1,2,...,n. Let  Jni  be the jackknife  pseudo-values. That  is,  

  Jni = )(ˆ)1-(nˆn i  ,           i = 1,2,...,n. 

Then the jackknife variance estimator can be  define as   

  



n

1i

2

nninj )J-(J
n

1
 V̂ ,    

where        


n

1i in

-1

n JnJ .  

Theorem 2. (Wang et al., 2004) 
Under  the  assumption of  Theorem 3.1, we have  

VV̂ p

nj  . 

By Theorem 3.1 and 3.2, the normal approximation-based confidence interval with confidence 

level       is  
/2-1nJ u  x  V̂ˆ

 n ,  where  /2-1u   is  1-α/2  quantile of the standard normal 

distribution. 
Efficiency 

 We  compare the efficiency of our estimators   ̂   with other  members of   ̂  and  with  
estimators  that  do not  consider  the partially  linear  structure. The common asymptotic 

variance denoted  V*UR   is    
   0

  (   )

 (   )
1     , (   )-. 

Theorem 3. (Wang et al., 2004)  

Suppose  that      is  conditionally  homoscedastic with 
22 t)(x,   , where   is a constanta. 

Then  V*   V*UR.. The equality holds only when  (/P(X,T)-/P1(T))   = a(X-g1(T))   + b. 

Theorem 4. (Wang et al., 2004)  

When     is  i.i.d.  Gaussian,  V*  is the  semiparametric  efficiency  bound, and  V*   V*UR. 
  
SIMULATION  STUDY 
In this section, we will  conduct  simulations to compare the estimation results of  the limit values  
and coverage accuracies  of  the confidence intervals  for  the  three estimators, namely,    ,    ,  
and      are  based  on  the normal   approximation method  using  S-PLUS  programming. 
This simulation  uses  a  semiparametic  regression  model :  

             ( )     
where           ,          (   )           (         ),     ( )    (   )    and

   
  

     ( (   ))   
 

Based on  a simulation to estimate confidence intervals of  the semiparametric regression model  
with  missing  responses  using  the  normal  approximation  method  for  the  different  sample  
sizes   n, namely,  n = 50,  n = 100  and  n = 150,  obtained the following results :  
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Table.1. Confidence limit values and coverage accuracies of the normal approximation based confidence 
interval on     under  missing data and sample sizes n when the nominal level 0.95. 

Sample size 
  n= 50 

Lower  confidence 
limits 

Upper confidence 
limits 

Coverage 
accuracies 

    1.298605 1.718977 0.4204121 

        1.298432 1.718580 0.4204121 

                 1.298639 1.719051 0.4204121 

Sample size  
 n= 100 

Lower  confidence 
limits 

Upper confidence 
limits 

Coverage 
accuracies 
 

    1.190317 1.479249 0.2889168 

        1.190126 1.479113 0.2889168 

      1.190377 1.479294 0.2889168 

Sample size 
  n= 150 

Lower  confidence 
limits 

Upper confidence 
limits 

Coverage 
accuracies 
 

    1.147796 1.386096 0.2382823 

        1.147193 1.385519 0.2382823 

       1.147984 1.386266 0.2382823 

 
From  the  above table  is seen  that  the  simulation results  with the  three  estimators,    ,    , 
and       can estimate approximately  the same response  confidence limit values  with  some 
missing  responses  and  for  each  of  conditions  where  the  different  sample  sizes   n, namely,  
n = 50, n = 100 and n = 150. Based on simulation results can also be obtained  confidence interval 
coverage  accuracies for the  three estimators, namely,    ,    ,  and      are  the same  to each 
of conditions  with some missing  responses  and for each of conditions  where  the different  
sample  sizes   n,  namely,  n = 50, n = 100 and  n = 150.  
 
CONCLUSIONS 
 The normal approximation based confidence interval with confidence level       is 

/2-1nJ u  x  V̂ˆ
 n ,  where  /2-1u   is  1-α/2  quantile of  the standard normal distribution. 

The  estimation results of  response  confidence limit  values with the three estimators,     ,    , 
and      have  approximately the same confidence limit values with some missing responses   
and   for  each  of  conditions   where   the  different   sample   sizes   n,  namely,  n = 50,  n = 100  
and n = 150.  
The  estimation  results  of  confidence interval coverage  accuracies  with the three estimators, 
   ,    , and       have the same interval coverage values  for each of conditions  with some 
missing  responses  and   for  each  of  conditions   where   the  different  sample   sizes   n,  
namely,  n = 50, n = 100  and  n = 150. 
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ABSTRACT 
In this paper the problem of the a two species commensalism model with limited resources is 
considered. The Differential Transformation Method (DTM) is used to compute an approximation 
to the solution of the system of nonlinear ordinary differential equations governing the problem. 
The results are compared with exact solution and some plots are presented to show the 
reliability and simplicity of the method. 
 
Keywords: commensalism model, differential transformation method 
 
INTRODUCTION  
The problem of  the a two species commensalism model with limited resources is considered in 
(N. Phani Kumar, 2011). A two species commensalism is an ecological relationship between two 
species where one species (S1) derives a benefit from the other (S2) which does not get affected 
by it : S1 may be reffered as the commensal spesies while S2 the host. The host species (S2) 
supports the commensal species (S1) which has a natural growth rate in spite of a support other 
tahn from S1.  The commensal species (S1), in spite of the limitation of its natural resources 
flourishes drawing strength from the host species (S2). At time t suppose the population consist 
of:    population of commensal spesies (S1) and     population of  host species. Equations for 
the growth rate of the commensal species (S1) and host species (S2) can be written as follows: 

  
   

  
              

                                              

(1.1) 

                  
   

  
              

   

Where    
  

   
 carrying capacities of   ,      ,   

   

   
 commensalism coefficient,    and    

are nonnegative, and the model parameters are assumsed to be non-negative constants. 
The purpose of this paper is to employ the differential transformation method (DTM) to systems 
of differential equations which describes the a two species commensalism model with limited 
resources (1.1). The differential transformation method is a numerical method based on a Taylor 
expansion. This method constructs an analytical solution in the form of a polynomial. The DTM is 
an iterative procedure that is described by the transformed equations of original functions for 
solution of differential equations. The concept of differential transformation method was first 
proposed by Zhou in 1986 and it was applied to solve linear and nonlinear initial value problems 
in electric circuit analysis. Batiha K. & Batiha B apply the DTM for solving Linear Ordinary 
Differential Equations[3]. Vedat Suat Erturk have applied this method to solve of a class of 
nonlinear differential equations[4].Thongmon, M and Pusjuso, S. Apply the DTM for solving of 
differential equations system[8].  Batiha A., Ibrahim apply the DTM for solving epidemic 
model[1,6]. Batiha B and Batiha R apply the DTM for find solution of the prey and predator 
problem [2].  
In this paper, System (1.1) are considered by a differential transformation technique, an 
appoximate solution can be obtained and compared with the exact solutions and some plots are 
presented. 
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DIFFERENTIAL  TRANSFORMATION METHOD 
As in Refs. [1, 2, 3, 4, 5,6, 8], the basic definition of the differential transformation are introduced 
as follows: 
Definition 1. The one-dimensional differential transform of function  ( ) is defined as follows: 

  ( )  
 

  
.
   ( )

   
/
    

                              

(2.1) 
where  ( ) is analytic and differentiated continuously with respect to t in the domain of interest 
and is  ( ) the transformed function, which is called the T -function in brief. 
Definition 2. The differential inverse transform of  ( ) is defined as follows: 
  ( )  ∑  ( ) 

   (    )
                                                                                                  

(2.2) 
When      then (2.1) and (2.2) can be written as: 
Definition 3. The one-dimensional differential transform of function  ( )  is defined as follows: 

  ( )  
 

  
.
   ( )

   
/
   

                                                                                                        

(2.3) 
where  ( ) is the original function and  ( ) is the transformed function, which is called the T -
function 
Definition 4. The differential inverse transform of  ( ) is defined as follows: 
  ( )  ∑  ( ) 

                                                                                                      
(2.4) 

Substituting (2.3) into (2.4) we have  ( )  ∑
 

  
0
   ( )

   
1 

   
   

    

In real applications, the function  ( ) by a finite series of (2.4) can be written as 
  ( )  ∑  ( ) 

                                                                                                                   
(2.5) 
and (2.4) implies that  
  ( )  ∑  ( ) 

                                                                                                 
(2.6)             
is neglected as it is small. Usually, the values of n are decided by a convergency of the series 
coefficients. 
  The operation properties of differential transformation method are listed in 
Table 1.  
 
Table 1. The fundamental operations of  differential transformation method 

No. Original functions Transformed functions 

1  ( )      constant  ( )     ( ),  ( )  {
     
     

 

2  ( )     ( )  
    constant 

 ( )     ( ),  ( )  {
     
     

 

3  ( )   ( )   ( )  ( )   ( )   ( ) 

4  ( )     ( )   (   ), (   )  {
     
     

 

5  ( )     F( )   (   ), (   )  {
     
     

, 

6  ( )   ( ) ( ) 
 ( )  ∑  ( )

 

   

 (   )  ∑  ( )

 

   

 (   ) 

 

7 
 ( )  

  ( )

  
 

 ( )  (   ) (   ) 

8 
 ( )  

   ( )

   
 

 ( )  (   )(   ) (   ) 
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9 
 ( )  

   ( )

   
 

 ( )  (   )(   ) (   ) (   ) 

 
APPLICATION 
 By using the fundamental operations of  differential transformation method in Table 1, 
we obtained the following recurrence relation to the system (1.1) 

 ̂ (   )  
 ̂ ( )

   
[         ∑  ̂ (   )      ∑  ̂ (   ) 

   
 
   ]                                                   

(3.1) 

 ̂ (   )  
 ̂ ( )

   
[         ∑  ̂ (   ) 

   ]    

We consider the following value for parameters into two cases in table 2: 
Table 2. value for parameters of model 

Case                     ( )   ( ) 

1 1.5 0.05 0.02 1.7 0.007 2 1 

2 1 0.007 0.003 2.25 0.03 2 3 
(N. Phani Kumar, 2011) 

 
The numerical results for the differential transformation method are presented as follows  
Case 1 
The numerical results for the differential transformation method are presented as follows  
Table 3. Differential transformation values of Case 1, for k = 0, 1, 2,3, … 

k k +1  ̂ (   )  ̂ (   ) 
0 1 2.8400 1.6930 

1 2 1.8628 1.4231 

2 3 0.7744 0.7928 

3 4 0.2370 0.3301 

4 5 0.0578 0.1098 

5 6 0.0117 0.0304 

6 7 0.0020 0.0072 

7 8 0.0003 0.0015 

8 9 0.0000 0.0003 

9 10 0.0000 0.0000 
        

 
From (2.5), the approximate solution  is 

    ( )  ∑  ̂ ( )  
  

      2.8400                                      
                                                                                    
    ( )  ∑  ̂ ( )  

  
                                                    

                                                                                              
 
The following plots show the relations between  the number    ,    versus time t: 
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Fig.1. Numerical solutions of differential transform method and Exact solutions (for case 1) 

Case 2 
The numerical results for the differential transformation method are presented as follows  
Table 3. Differential transformation values of Case 1, for k = 0, 1, 2, 3, … 

k k +1  ̂ (   )  ̂ (   ) 
0 1 1.9900 6.4800 

1 2 0.9955 6.3685 

2 3 0.3360 1.5648 

3 4 0.0858 0.5053 

4 5 0.0176 0.1347 

5 6 0.0030 0.0307 

6 7 0.0004 0.0061 

7 8 0.0001 0.0011 

8 9 0.0000 0.0002 

9 10 0.0000 0.0000 
        

From (2.5), the approximate solution  is 

    ( )  ∑  ̂ ( )  
  

                                                    
                           
    ( )  ∑  ̂ ( )  

  
                                                    

                                                                                              
 
The following plots show the relations between  the number    ,    versus time t: 
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Fig. 2. Numerical solutions of differential transform method and Exact solutions (for case 2) 

 
CONCLUSION 
In this paper, the Differential Transformation Method (DTM) has been successfully applied to find 
approximate solution for Mathematical Model of the Two Species Commensalism with Limited 
Resources. All the calculations in the method are very easy. The calculated results are quite 
reliable.  The series coefficients of the approximate solutions is convergent. The numerical results 
of the DTM are compared with the exact solutions very accurat powerful and efficient. 
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ABSTRACT  
Children indicate easily infected with various infectious diseases and have high mortality rate 
when were born with malnutrition. This condition is used to be an indicator to assess the level of 
public health. This research is using MARS method to modelling because there is no information 
and assumption about shape of curve. However the data is too small to modelling with MARS 
method so that is needed resampling method to get error varians stability. Resampling method is 
known as Bootstrap Aggregating (Bagging). It is method resampling with replacement to 
pairwised data set. Mixed method between MARS and Bagging build to improve the accuracy  
model. The purpose of this research is getting the best model for the percentage of malnutrition 
among children under five years old. Based on its analysis, the results obtained using 
bootstrapping MARS modeling is better than using MARS only. Variables that contribute to 
malnutrition children under five years old case from best Bagging MARS model using 
bootstrapping MARS is sum of death babies, dependency ratio, sum of live birth, sum of death 
children and persentage of low birth weight babies. 
 
Key words: Bagging, MARS, Malnutrition 
 
INTRODUCTION  
Malnutrition children under five years old case is one problem that needs to be taken seriously. 
Although sum of health facilities and scattered are increases, but the figures are still high for 
malnutrition case which hinder the achievement of one of the goals in the Millennium 
Development Goals (MDGs) is reduced by two of three the mortality rate of children under five 
years old. According data from the Health Department recorded around 4 percent or 900 
thousand children are scattered throughout Indonesia holds the status of malnutrition. This 
resulted in Indonesia was ranked the top five owners of malnutrition case. Modeling the 
malnutrition case with parametric regression is not necessarily suitable for the pattern of the 
relationship between malnutrition with the factors that influence the shape of a certain pattern. 
Nonparametric regression is a regression method that does not presume to form regression 
curve.  
Methods in nonparametric regression, among others spline and Recursive Partitioning Regression 
(RPR). Spline has weakness in determining many knot and location specified manually. Whereas 
RPR improve the predictive power of some estimators or specific alghoritms such as regression. 
Spline have weaknesses in determining many knots and location specified manually, while the 
RPR function independently of each other which lead to discontinuities knots. Friedman (1991) 
suggests a method which is able to overcome the drawbacks of the above methods is 
Multivariate Adaptive Regression Spline (MARS). MARS is method that mixed spline and RPR. 
However, the data in this research is too small to modeling into MARS model. MARS accuracy in 
the model can be improved by using one of the methods approach that changing the data set 
called the bootstrap aggregating (Bagging). Bagging is a method to improve the predictive power 
of some estimators or specific algorithms such as regression. Bagging MARS is able to provide 
value Mean Square Error (MSE) which smaller than the other models, although not always can 
lower MSE (Buhlman and Bin, 2002). 
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This research discusses modeling bagging MARS for the percentage of malnutrition children in 
Hulu Sungai Utara Regency. The purpose of this research is getting the best model for the 
percentage of malnutrition among children under five years old based on persentage of low birth 
weight babies, sum of live birth, sum of death babies, sum of death children, sum of mortality 
maternal, dependency ratio and population density per kilometre. 
 
METHODS 
Bootstrap Aggregating (Bagging) 
Bootstrapping is a statistical procedure to perform sampling of a population which done by 
means of resampling of the sample. There are two methods used in the resampling process, the 
sample is taken with a refund and samples taken without replacement. Sampling with taking an 
observation of the sample and then put back in the sample for possible be sampled again. 
Samples without refund taking an observation of the sample, but once taken can not be sampled 
again. 
Bootstrap method get the sample from the mean of sampling with replacement from the original 
sample. The key is the return of observation after sampling, which allowed the researchers to 
create any number of samples required and never worry about copying the sample except 
incidentally. Each sample can be analyzed independently and the results are compiled from a 
sample. For example, the best estimate of the mean is the average of all the mean estimated 
from the sample. Confidence interval can also be directly calculated from the selected sample. 
Bootstrap method is a nonparametric method of assessment that can be used to estimate the 
parameters of a distribution, mean and variance from the sample can estimate an error rate 
(errors). Bootstrap is also able to reduce the habits of the results of the estimate in order to 
provide the best estimate. In addition, the bootstrap is able to simplify the classical theory of 
statistics. The bootstrap method was first studied by Efron in 1979 (Efron and Tibshirani, 1993) 
The first step of the bootstrap method is define   data sample size   that (               ) 
with    is the vector of observational data. The second step is to take a random sample of data   
to refund as much as   times, so we get new data samples are defined as (  ). Data sample    
consists of members from the original data, with some data may not appear at all, or appear only 
once or twice, depending on randomization. The second step is performed repeatedly as  , so 
we get bootstrap data set (             ). Each bootstrap sample is a random sample were 
mutually independent. Replication bootstrap  (   )  (   )    (   ), is obtained by calculating 
the value  ( ) in each bootstrap samples. Value  ( ) is a statistical estimate of the value of each 
of the bootstrap samples. The standard deviation of a sample bootstrap defined as  ( ), then 
 ( ) is the standard deviation of  (   )  (   )    (   ). This also applies to the estimated 
value of other statistics such as mean, median, and so on (Efron and Tibshirani, 1993). 
The determination of the value of   is varied. It because the amount of value   can give different 
results at each stage in the analysis. However, Hastie, Tibshirani and Friedman (2001) claim that if 
the number of replication increased from 50 to 100 times, the accuracy will occur. However, if 
replication increased more than 100 times, it will produce no better accuracy compared with 
replication 100 times. Meanwhile, according to Efron and Tibshirani (1993) the value of   is used 
to obtain statistics on the estimated value of a good enough usually at intervals of 50 to 200. The 
researchers rarely use more than 200.  
The basic concept of the bootstrap method is to generate a large data sample randomly. Bagging 
is one part of the bootstrap. The difference is in the bagging done generate data samples in pairs. 
Bagging Breiman was first used in 1994. Bagging is a non-parametric bootstrap replicated from a 
set of data. Bagging used to construct aggregate predictors with the aim of reducing the variance 
components of the prediction error. Bagging likely to provide a large reduction in the predicted 
error for regression, which is as good as the classification method. Bagging tend to work very well 
on a method that has a high variance, but for methods that have a low variance, bagging does 
not improve outcome (Chen, 2001). 
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A set of data   consists of *(     )          +. Bootstrap replication is performed to obtain 

  
  (  

    
 )          . Bootstrap replication done as much as   times, so we get * ( )+ of  . 

* ( )+ is resampling with replacement. Buhlmann and Bin (2002) has recently been researching 
bagging ability to improve the accuracy of forecasting regression model to the data is identical 
and independent. Buhlmann and Bin indicates that the bagging is not always good at pre-test, 
but has the potential to degrade squared forecasting error for the various processes. 
 
Multivariate Adaptive Regression Spline (MARS)  
 
MARS models are as follows. (Friedman, 1991) 

 ̂( )     
K

k 1
   

kL

l 1
     ,(   (  (   )    (   )

 )  - 
  

              
K

k 1
     ( )                                                                                                             (1) 

with    is constant coefficients of the basis functions of the parent,    
is coefficients of the basis 

functions to-k, K basis function maximum, Lk degree of interaction, value of skl is ±1,   (   ) 

predictor variable, and   (   )
   is knot value of predictor variable   (   ).  

Some things to consider in using the model MARS according to Nash and Bradford (2001) is knot 
and basis function. Knot is the end of a regression line and the beginning of a regression line to 
another. At each point knot is expected to have a continuity of function between the basis of one 
region with others. While the basis function is a function that used to describe the relationship 
between the response variable and the predictor variable. The basis function is a parametric 
function is defined in each region. In the MARS model building, the first step is  determine the 
point knots using a forward stepwise algorithm and backward stepwise. Stage forward stepwise 
is used to get the subregion in order to determine the maximum basis functions. Then performed 
stepwise backward step that aims to fulfill the concept of parsimony (simple model), which 
eliminate basis functions that have a small contribution of the estimator value of the response 
variable. The size of the contribution is used in this phase is modified as follows GCV criteria. 
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n

i 1

 [    ̂ (  )]
 

0  
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1
                                                                                (2) 

With numerator is average sum square of residual, and  ( )  is complex model function. 
The number of predictor variables used in the model MARS allows the multicollinearity case from 
matrix B. To overcome these problems made the model building in stages, ie maximum 
interaction models with one, then followed with two models with maximum interaction and so 
on.  
The GCV criteria is used to determine best MARS models as shown in equation (2), also can use 
the criteria MSE and R2. Best MARS model is a model with the smallest MSE and R2. The formula 
for MSE, as shown in equation (3) as follows. 

MSE 
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with SSE is sum square error, n is the number of observations dan p is the number of parameters 
of MARS model. So, formula for R2 as follows. 

R2 
SST

SSE

SST

SSR
 1                      (4) 

with  
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Research Methodology 
The Database 
The data obtained is secondary data from healthy profile in Hulu Sungai Utara 2014. The 
variables used in this study is divided into two, namely the response variable (Y) and the 
predictor variable (X) as follow. 
Y  =  Persentage of Malnutrition Children 
X1 = Persentage of Low Birth Weight Babies 
X2 = Sum of Live Birth 
X3 = Sum of Death Babies 
X4 = Sum of Death Children 
X5 = Sum of Mortality Maternal 
X6 = Dependency Ratio 
X7 = Population Density/Km 
 
Data Analysis 
Arrange model of malnutrition used MARS bagging method with the following steps. 
Build MARS model for the initial set of data 
Determine the maximum basis function 
Determine the maximum number of interactions 
Determine the minimum number of observations between knots 
Get the best MARS models for the initial set of data based on the value of the minimum GCV, 
MSE smallest and largest R2. 
Get the significant variables of the model MARS best for the initial set of data. 
Do the bagging of pairs of variables and the response variables were significant predictors of the 
best MARS models for data sets beginning with 100, 250 and 500 replication bootstrap. 
Modeling MARS at each sampling and replication bootstrap with the maximum number of basis 
functions, the maximum amount of interaction and minimal number of observations between 
the knots is equal to the maximum number of basis functions, the maximum amount of 
interaction and minimal number of observations between the knots on the model MARS best for 
data sets beginning. 
Model bagging obtained MARS model is the best for the initial data set. 
 
RESULTS  
In this research, the minimum observation between knots (MO) used are 0, 1, 2, and 3 
observation. Basis function (BF) is an interval between successive knots. In general, the selected 
basis function with a polynomial form of derivative that is continuous at each point knots. The 
maximum allowable basis function is 2-4 times the number of predictor variables so that the 
basis functions are selected in this research are at 14, 21 and 28. Interaction is the result of the 
cross product between variables are correlated. The maximum amount of interaction (MI) 
allowed is 1, 2, or 3. If MI > 3, it will produce complex models increasingly and the models will be 
difficult to interpreted. The best model is based on a combination of knot, basis function and 
interaction can be seen in Table 1. 
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Table 1. Result of MARS Model 
 

 BF MI MO GCV MSE R
2
 

MARS without Bagging 14 1 1 0.02807 0.02273 0.00000 

Bagging MARS B =100 14 1 1 2.5486x10
-10

 0.00000 1.00000 

Bagging MARS B =250 14 2 1 1.3681x10
-9

 0.00000000 1.00000 

Bagging MARS B=500 14 1 1 1.8851x10
-9

 1.3878x10
-17

 1.00000 

 

Criteria for selection of the best model is to compare the minimum GCV, if it has the same value 
can be seen by considering the smallest MSE value. However, if it has still same value then the 
value of R2 values of the models that have a higher value into consideration. However, if some of 
these models have the same R2, the next consideration in the largest classification accuracy. 
However, if the model still can not be selected, then the next consideration is to look at the 
combination of the smallest models. Based on the selection criteria in Table 1, the model is best 
MARS models with BF = 14, MI = 1 and MO = 1. 
On this combination, the variables entered into the model only five (5) variable, which means 
there are 2 (two) variables entered into the model, namely Sum of Death Children (X4) and Sum 
of Mortality Maternal (X5). While the variables included in the model is Persentage of Low Birth 
Weight Babies (X1), Sum of Death Babies (X3), Sum of Live Birth (X2), Population Density/Km (X7), 
and Dependency Ratio (X6). These conditions explain that the malnutrition case in the Hulu 
Sungai Utara Regency can influenced by the five predictor variables. The persentage of 
contributed variable in model can we see in table 2 
 
Table 2. Persentage of Contributed Variable in Bagging MARS (with   = 100) 

 
Contributed Variable Value of Contribute 

X1 
X3 
X2 
X7 
X6 

100% 
14.68% 
4.04% 
37.16% 
29.42% 

 
Best Bagging MARS model as follows: 
 BF1 = max(0, X7 – 144.465); 
 BF2 = max(0, 144.465 – X7); 
 BF3 = max(0, X1 – 0.084058); 
 BF4 = max(0, 0.084058 – X1); 
 BF5 = max(0, X3 – 9); 
 BF6 = max(0, 9 – X3); 
 BF7 = max(0, X6 – 52.9763); 
 BF8 = max(0, 52.9763 – X6); 
 BF9 = max(0, X2 – 139); 
 
 
 
 Y = 0.00645086 + 0.000412156 BF1 + 0.00550792 BF2  
                – 275.287 BF3 – 0.797937 BF4 – 0.0137743 BF5  
                – 0.0102854 BF6 + 0.0424272 BF7  
                – 0.0249881 BF8 + 0.000169265 BF9; 
 

So, the best recommendation is the Bagging MARS model through bootstrapping with resampling 
100 times. This is according to research conducted Hastie, Tibshirani and Friedman (2001) stated 
that the increase in accuracy will occur if the number of replication increased from 10 to 100 
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times. However, if replication increased more than 100 times, it will produce no better accuracy 
compared with replication 100 times. 
 

CONCLUSION  
Best Bagging MARS model for malnutrition children case in Hulu Sungai Utara 2014 is a 
combination of BF = 14, MI = 1 and MO = 1. Result of bagging indicates that the bagging GCV at 
GCV 2.5486x10-10 smaller than other models. This case indicates that the bagging in this study can 
improve the accuracy if the number of replication increased from 10 to 100 times. However, if 
replication increased more than 100 times, it will produce no better accuracy compared with 
replication 100 times. From the seven predictor variables, there are five variables that affect the 
percentage of malnutrition children under five years old is persentage of low birth weight babies 
(X1), sum of death babies (X3), sum of live birth (X2), population density per kilometre (X7), and 
dependency ratio (X6). 
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ABSTRACT 
The aims of this research are: 1) to find out whether STAD cooperative learning model improve 
the quality of learning on Applied Mathematics III subject, 2) to find out whether STAD 
cooperative learning model improve students’ learning outcomes on Applied Mathematics III 
subject, and 3) to find out whether students’ opinion on the STAD cooperative learning model 
applied in their class. This research took the form of action research involving four classes of 
Informatics Engineering at State Polytechnic of Banjarmasin academic year 2014/2015.  The 
action research was conducted in two cycles of learning comprising Planning, Action, Observation 
and Reflection in each cycle.  The dependent variables for this study were Learning activity, 
Learning outcomes and the Students’ responds on the model applied,  hile the independent 
variable was STAD cooperative learning model. The data were collected through observation, 
test/evaluation and questionnaires. The data on students’ learning  ere analysed by calculating 
the mean score of students’ active involvement in the learning process recorded on the 
observation sheet.  The data on students’ learning outcomes  ere analysed by calculating the 
mean score of students’ test and qui  results. The data on students’ responds to ards the 
teaching model applied were analysed by calculating the percentagescores obtained from the 
items of the questionnaires distributed.  The observation results on the students’ activities 
conducted in each meetingsho ed that students’ active involvement in the first cycle  as 2,9 
(criteria: “Good”), and it relatively improved in the second cycle into 3,4 (“Very good”). 
Concerning  ith the students’ learning outcomes in the first cycle involving     students, 65 
students of the total number achieved good score of above 64 (64.4%), and this trend improved 
into 88 students in the second cycle (87,1%).  The data from the questionnaires distributed at the 
end of the teaching process indicated that 91% of students had good perceptions that they 
articulated their supports on the STAD cooperative learning model applied.  
 
Key words: Cooperative learning model, Quality of learning, STAD 
Abbreviations: STAD = Student Teams Achievement Divisions 
 
INTRODUCTION 
Based on the experience of teaching and supported the data value of students over several years 
(data attached), it appears that the quality of the course Applied Mathematics III always decline 
of the quality of the course Applied Mathematics I and II, both of processes such as the speed of 
the students understand course materials, activity of students in the class, the atmosphere the 
spirit of learning to the value of the end of the course. I then did a small survey by conducting 

interviews / discussions with several faculty colleagues and spread the open questionnaire to 60 

mailto:isnawardiah@gmail.com


 

Proceedings of International Conference on NAMES 2015 | Improving The Quality of Learning on Applied Mathematics III 
Subject Using Stad Cooperative Learning Model for Informatics Engineering Students At State Polytechnic ff Banjarmasin 

285 

 

students who have completed the course. The survey results taken some conclusion the cause of 
the poor quality of teaching courses Applied Mathematics III. From the standpoint of teaching 
experience (the results of the discussion the authors with faculty colleagues) conclude the cause 
is: (a) the classic problems that some students did not like subjects of mathematics, (b) lack of 
student motivation in learning, (c) the diversity of student ability is high enough so there are 
students who quickly understand the lesson, and there is also a very slow, thus affecting the 
learning process. On the side of the students, based on the results of the questionnaire, be 
concluded excuse the lack of value is: (a) material lectures Applied Mathematics III is considered 
difficult, (b) lectures increasingly difficult in the third semester, (c) Lack of cooperation between 
students, students who are smarter considered would not help to explain the material to other 
students. From the description above, it is necessary to take immediate steps more intensive 
treatment in order to improve the quality of teaching of applied mathematics III with a focus on 
improving the students' interest and motivation, enhance the atmosphere of spirit and liveliness 
of students in learning. Which is ultimately expected to improve students’ learning outcomes. 
Based on the study of literature, one of the ways that can be used to enhance the activity and 
motivation of the students in learning is to implement cooperative learning model Student Teams 
Achievement Divisions (STAD). Therefore, the authors wanted to carry out classroom action 
research. The aims of this research are: 1) to find out whether STAD cooperative learning model 
improve the quality of learning on Applied Mathematics III subject, 2) to find out whether STAD 
cooperative learning model improve students’ learning outcomes on Applied Mathematics III 
subject, and 3) to find out  hether students’ opinion on the STAD cooperative learning model 
applied in their class. 
 
MATERIALs AND METHODS 
Study area 
This research took the form of action research involving four classes of Informatics Engineering at 
State Polytechnic of Banjarmasin academic year 2014/2015.  
The research variables were used:  
Dependent variables:  (a) The quality of student learning is indicated by the learning activities of 
students, (b) student learning outcomes, and (c) the response of students to STAD model that is 
implemented. 
Independent variable: the Model Cooperative Learning STAD 

Research conducted in two cycles, as shown in the diagram 

 
Figure 1: Model research 
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Procedures  
Table 1. Research Plan 

1st cycle 
(Session I-VIII) 

Planning Preparing lecture plan (Satuan Acara Perkuliahan/SAP), learning modules, 
the format of observation and reflection,  data sources and instructional 
media for the first cycle 

Action students are assigned to two or three-member learning teams that are 
mixed in performance level and gender. The teacher presents a lesson, 
and then students work within their teams to make sure that all team 
members have mastered the lesson. Suddenlly, all students take individual 
quizzes on the material, at which time they may not help one another. At 
the last session, held middle test  

Observation filling the observation sheet 

assess the results of test (quiz and middle test) 

Reflektion analyzed and summarized the data to cylce II planning  

2nd Cycle 
(Session IX – XVI) 

Planning Identify problems in the first cycle and then find a solution, Preparing SAP, 
learning modules, the format of observation and reflection, data sources 
and instructional media for the second cycle 

Action continue the lecture as before with some improvements, Suddenlly, all 
students take individual quizzes on the material, at which time they may 
not help one another. At the last session, held finaltest 

Observation filling the observation sheet. 

assess the results of test 

Reflektion Collecting and Analyzing the data 

Data Collection Technique :  
Observation.  
The quality learning is observed with seven indicators are: Readiness students attend class, 
concentration / attention when the lecturer explained, quality of the questions, the enthusiasm 
of the students in doing the exercises, the enthusiasm of the students to come forward work on 
the problems, how to answer and reasoning, and teamwork. 
Test 
Questionnaire 
 
Data analysis 
Observe the activity of students 
Scooring of each indicator in the observation sheet from 0 to 4 with the following criteria: 0 (very 
poor), 1 (less), 2 (adequate), 3 (good), 4 (very good). Calculating the results of observations and 
find the average.  Assessment criteria: 
  ≤ average < .8 : The active participation by students is very less 
 .8≤  average < .6 : The active participation by students is less 
 .6≤  average <2.4 : The active participation by the students enough 
2.4 ≤ average <3.2 : The active participation by students is good 
3.2 ≤ average ≤ 4 : The active participation by students is excellen 
Calculate student test results 
To get the student learning outcomes of each cycle, then use the formula: 
The value of each Student Learning Outcomes in Cycle I = (mean value of Quiz + (2 x value UTS)) 
/3 
The value of each Student Learning Outcomes in Cycle II = (mean value of Quiz + (2 x value UAS)) 
/ 3 
Calculating the results of the questionnaire responses of students 
Student responses obtained by finding the percentage of each option (Strongly Agree, Agree, 
Undecided, Disagree) .To determine the percentage of each option using the following equation: 

% Option  =
                            

                          
         

% Options ( percentage of Strongly Agree, Agree, Undecided, Disagree) 



 

Proceedings of International Conference on NAMES 2015 | Improving The Quality of Learning on Applied Mathematics III 
Subject Using Stad Cooperative Learning Model for Informatics Engineering Students At State Polytechnic ff Banjarmasin 

287 

 

 
indicators of Success 
Indicators of success for the observation of the students activity is when the observation scores 
for each indicator of the activity of students achieving ≥ 2.4  ith the criteria of good liveliness. 
Indicators of success for the test is  hen more than 5   students’ value of a qui  or exam 
reaches >= 65 and the results of the second cycle improved compared with the results of the 
cycle I. 
Indicators of success for the student's response is that if the percentage of Strongly Agree + 
Agree of> 50% 
 
RESULTS 
The result of observation 
Tabel 2. Recapitulation for each indicator in each session  

INDIKATOR P1 P2 P3 P4 P5 P6 P7 The average of each indicator 

Indicator 1 1.8 2.4 2.5 2.4 3 3.2 3.3 2.7 

Indicator 2 2 2 2.4 2.8 3.1 3.3 3.4 2.7 

Indicator 3 1.6 2.4 2.7 3.1 3 3.2 3.4 2.8 

Indicator 4 2.5 2.9 2.9 3 3 3.3 3.5 3.0 

Indicator 5 2.6 2.6 2.7 2.6 3.3 3.5 3.6 3.0 

Indicator 6 2.1 2.5 2.8 3 3.1 3.3 3.5 2.9 

Indicator 7 1.5 2.6 2.8 3.2 3.4 3.4 3.6 2.9 

The average of each session   2.0 2.5 2.7 2.9 3.1 3.3 3.5   

The average in 1st cycle = 
             

 
 = 2.9 

 
Tabel 2. The average of observation of each session in the 2nd cycle 

INDIKATOR P9 P10 P11 P12 P13 P14 P15 The average of each indicator 

Indicator 1 2.8 2.8 3 3.3 3.3 3.4 3.4 3.1 

Indicator 2 3 3.3 3.4 3.4 3.5 3.6 3.5 3.4 

Indicator 3 2.8 3 3.5 3.3 3.4 3.5 3.4 3.3 

Indicator 4 3 3.4 3.5 3.4 3.4 3.6 3.7 3.4 

Indicator 5 3.2 3.4 3.5 3.5 3.6 3.5 3.7 3.5 

Indicator 6 3 3 3.2 3.3 3.3 3.2 3.5 3.2 

Indicator 7 3.3 3.3 3.6 3.5 3.6 3.6 3.8 3.5 

The average of each 
meeting   3.0 3.2 3.4 3.4 3.4 3.5 3.6   

The average in 2nd cycle = 
                

 
= 3.4 

Learning outcomes 
In the first cycle, held four times test, which is three times quiz and one middletest. 
It is known that 65 of 101 students scored above 64, thus accounting for 64.4%. In the second 
cycle, there are three times quiz and one time finaltest. Based on the results of the calculation it’s 
known that 88 students out of 101 people have received grades above 64, or approximately 
87.1% an increase of 22.7% from the first cycle. 
students’ opinion on the STAD cooperative learning model  
The data from the questionnaires distributed at the end of the teaching process indicated that 
the percentage of Strongly Agree and  Agree are 91%. It mean 91% of students had good 
perceptions that they articulated their supports on the STAD cooperative learning model applied.  
 
DISCUSSION 
Based on observations of student activity performed every cycle showed a pretty good 
improvement. Increase in the average student activity score of 2.9 on the first cycle to 3.4 in the 
second cycle students have raised the activity category of "Good" to "Excellent". This happens 
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because the students are already getting used to the STAD model cooperative learning methods 
applied. Scoring each indicator also increased from first cycle to second. Such case shows that the 
quality of learning has increased from the category of "Good" to "Very Good". It is due to the 
engagement between students, in which they feel need each other in completing and 
understanding the material provided. In addition, the success of other groups that achieve the 
highest score also motivate students in other groups to help each other and understand the 
material provided so that the next time they can reach the highest score and received an award 
from the lecturer. 
Students’ learning outcome obtained from the results of qui  es and tests each end of the cycle. 
The test results on the first cycle showed that 64.4% of the students have achieved a score of 65 
or more. After some reflection the researchers did attempt repairs on the second cycle and the 
result, the percentage increased to 87.1%. To determine the group scooring, find the difference 
between the final score of each member of the group in every cycle with the score at the 
beginning of the test (pratest). From this point of individual development, obtained arithmetic 
mean value of each group will be the group's progress points. If each member of the group can 
increase its value, then the score group will also rise. The success of the group is determined by 
how much they tried to help his friend in understanding the material. So there is a positive 
dependency in the group. 
Based on the results of the student questionnaire analysis known that students were satisfied 
with the learning method STAD. This is in accordance with the questionnaire stating that 55% of 
students agreed and 46% feel strongly agree with a given learning method. 
Students find it easier to understand the subject matter by cooperative learning method. This is 
because by learning groups of students can discover and build knowledge itself. And students can 
be a peer tutor for the group, because they think it is easier to accept and understand the 
information from peers. 
 
CONCLUSION 
STAD cooperative learning model improve the quality of learning on Applied Mathematics III 
subject. Can implied from the observation scores for each indicator that achieving ≥ 2.4  ith the 
criteria of liveliness "good" in cycle I and "very good" in cycle II. 
STAD cooperative learning model improve students’ learning outcomes on Applied Mathematics 
III subject. 64.4% student reaches >= 65 and the results of the second cycle 87.1% 
Student feel satisfied on the STAD cooperative learning model applied in their class, 91 % of them 
give an opinion agree and strongly agree for the method. 
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ABSTRACT 
Solar energy is as available and environmentally friendly as wind energy, both of which produce 
well in the coastal, fishing villages in the following study. Research was conducted to measure the 
efficiency of the 50 Wp solar cell, composed of Array (or other solar cell modules) with a 1000 
Watt wind turbine. The case study is focused in the Pelaihari region (Panjapatan district) in the 
coastal, fishing village of Tanah Laut. Included is the pattern of load forecasting, wind speed, and 
the intensity of sunlight.Testing of the hybrid system revealed the following data. The price of a 
solar cell, output power peaking at 2000 Watts, is $700 – with an operating cost of $3,934 per 
year. The production cost of the solar cell would be $0,271 per kWh. In comparison, the capital 
required to use wind turbines producing the same 2000 Watts rose to $1,150, however the 
operating cost was reduced to $2,941 – a decrease of $993. 
 
Keywords: hybrid system, solar cell, wind turbine. 
 
INTRODUCTION 
Disconnected from any electrical grid and existing without clean water, the coastal villages in this 
study were chosen in hopes to introduce more electricity to the area. The study could impact the 
people in these underdeveloped communities through suggesting ways to harness renewable 
energy with hybrid power systems - both solar and wind. Using both of these types of energy 
together, with Homer software, a model was created using the following variables: 
Wind speed 
Daily radiation 
Daily load pattern 
Generation cost 
These data were compiled using Homer software to determine the efficiency of hybrid power 
systems, aiming to optimize the capacity for electricity for brighter futures in these remote 
villages. 
 
MATERIALS AND METHODS 
The models for our hybrid systems were made to peak at 3,600 watts. These systems would 
operate at 40 Kwh / d using a wind turbine with  a 1 kW capacity. These models were drafted 
from weather data from coastal fishing villages in which the variables of wind speed and solar 
radiation affect the wind turbines and solar cells. The basics of the system can be seen in Figure 1 
while Figure 2 shows the location of the study. 
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Figure 1. Details a model for hybrid power generating 3.6 kW. Figure 2. Shows the location of the 
area studied, yielding weather data such as wind speed, solar radiation, and the daily load 
pattern based on the electric substation in Pelaihari. 

Figure 3 shows time in hours a year and wind power in kilometers per hour as a curvilinear graph. 
Figure 4 contrasts the speed of the wind with how many hours of steady activity based on a 
certain location.  
 
METHODS 
The analysis of wind turbines and solar cells will be compiled using Homer software, which is 
used to create models of small-scale power generation systems (micro power). The software will 
conduct energy balancing calculations for each system configuration. This way the ideal set up 
can be deduced based on which configuration would meet the demands for electricity under a 
defined context, economically - replacement of parts, operation, maintenance, and fuel. Lastly, 
while providing a method for analysis, the Homer system does not directly output a detailed 
model, but rather defines economic parameters (NPC, COE), from which information can be 
gathered to create a model. 
 
PROCEDURES 
From each simulation, Homer software sorts the outputted data starting from the lowest Total 
Net Present Cost (NPC). NPC is the most important economic output for the value of a system at 
a thermal power station. Total NPC can be calculated using the following equation: 
 

     
        

   (        )
  (1) 

 
with: 
Cann, tot = total cost ($/ year) 

                

            Figure 3. Wind power Curved time                                          Figure 4. Wind speed function 

 

       

                         Figure 1. Design System                                                            Figure 2. Study Area 

            Coordinates ( x , y ) : 236870 , 9545361 
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CRF = Closing factor capital 
i = interest rate (%) 
Rproj = the length of project time 
N = number of years 
 
 
For the cost of energy to the generator using this equation : 
 

                   
        

    
                  (2) 

 
with: 
Ccom,gen = cost O & M ($/ hour) 
Crep,gen = generation Cost 
Rgen = lifetime 
F0 = generator coeffisient (kW) 
Cfuel, eff = fuel cost 
 
The leveled cost of energy (COE) is defined as the average cost per kWh of electricity used by the 
system. To calculate the COE, the annual electric energy production costs are divided by the total 
electric energy used via the following equation: 
 

    
        

                         
  (3) 

 
With: 
Cann,tot = total cost ($/ year) 
Eprim, AC = prime AC load yang terpenuhi (kWh/ tahun) 
Edef = beban deferrable yang terpenuhi (kWh/ tahun) 
Egrid,sales = total penjualan grid (kWh/ tahun) 
Data Analysis 
 
 To analyze the load pattern of a coastal fishing village, first we must create a scale. The scale is 
based on the data load from Pelaihari substations, which distribute electricity to the fishing 
villages. The peak load model determines the capacity of the hybrid systems. 
 

 
It can be seen in the graph that the peak loads in the fishing villages are around 2000 Watts. 
However, with the reasonable assumption that more energy may be needed in the future, an 
allowance for 10% extra generating capacity will be constructed. Wind speeds at the coastal 

         

     Figure 5. Load pattern fisherman village                               Figure 6. Solar radiation 
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fishing village ranges between 2.75 and 3.5 m/s – based on NOAA satellite images of wind speed 
in South Kalimantan at these coordinates: (x, y): 236 870, 9545361). 
 
RESULTS 
  
 The model created for this hybrid system produces a maximum of 3600 watts at 40 kWh / d – if 
the wind turbines have a capacity of 1 kW. In Figure 6, levels of solar radiation remain stable from 
March to September, declining in October and February (brightness ranging from 0.0 s / d 1.0 
(clearness index). 
 

Meanwhile for daily baseline profile solar cell generated power is optimally located month of 
April to August with an average exposure time per day is 8 hours. For wind speed of 2.4 m/s to 
2.8 m/s the wind turbine is able to produce a power output of 1kW. 
 
DISCUSSIONS 
Through data analysis of the hybrid system with wind speeds between 2.75 and 3.5 m / s, with a 
capacity to produce 2000 Watts, but with a maximum peak of 3600 Watts, the hybrid system 
produces 2200 Watts, due to low wind speeds. This is only 61% of its maximum capacity. 
 
CONCLUSION 
In optimizing the hybrid system, the peak output of the solar cells alone was 2200 Watts - for an 
investment of $700, and at an operating cost of $3,934 per year, with production costs of $0.271 
per kWh. To produce the same amount of energy (2200 Watts) paired with the wind turbines, the 
investment required rises to $1,150, but the cost of operating becomes just $2,941 a year – a 
decrease of $993. 
The next stage of research will be testing this model in the fishing village of Tanah Laut regency, 
Pelaihari (Panyipatan district), with the goal of peak power capacity being 2200 Watts. While 
horizontal wind turbines will be used for this study, future studies will employ vertical wind 
turbines, therefore allowing for comparisons to be made between the two alignments. This way 
data about the efficiency of horizontal and vertical axis modes can be compiled for this specific 
location. 
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ABSTRACT 
The course of Solid State Physics Education is a subject that must be attended by students 
enrolled in the seventh semester at department of physics education at Tadulako University. The 
students who joined this course are expected have reached the stage of formal cognitive 
development. At this stage, students have been able to think abstractly, reason logically, and 
draw conclusions from the available information. This study aims to describe the mapping of 
cognitive development for male and female students using Formal Reasoning Ability Test (TKPF) 
Piaget. The subjects were 98 students. Results of the analysis of the data shows percentage of 
students who are beginning formal level of cognitive development dominates, namely 42%. The 
next sequence were students at the beginning level of formal cognitive development, 32%, the 
operation transitions (16%) and concrete operations (8%). This percentage indicates that there 
has been a 74% students of department of Physical Education Academic year 2012 which meet 
the level of formal cognitive development as in the analysis of Piaget, which has been able to 
resolve problems related to proportional reasoning, reasoning variables probabilistic reasoning, 
reasoning correlational and combinatorial reasoning. The mean score for female students were 
4.92 and male students were 5.88. Both of these number when converted to the level of 
cognitive development were a male student had been at the stage of formal operations while 
female students were still in the beginning formal operations stage. 
Keywords: beginning formal, concrete, formal, logical operations, transition. 
 
INTRODUCTION 
Piaget's theory of cognitive development influences the development of education especially in 
terms of setting the learning process at childhood through adolescence. The results of his 
research stating that the activity of a very important role in the formation of knowledge 
(Suparno, 2001). The consequences of this theory of learning is learning to be focused on the 
process of thinking or mental process, not just the results. Students must be pursued actively 
participate and take the initiative themselves are involved in learning activities. Learners must 
understand that there are individual differences in the progress of mental development of 
children. Learning is an active process that allows people to discover new things beyond the 
information given to him. The learning process will take place optimally when the learning 
process begins with enactive stage, then to the stage next to the iconic and symbolic stage. 
Reasoning is a thinking activity that sensitizes them to a logic reasoning of the analysis is 
concerned means that scientific reasoning is an activity that uses the analysis of scientific logic 
and reasoning as well as others that use their own logic anyway. Nur(1991), suggests that there 
are five operations reasoning, namely (1) the proportional reasoning, (2) control variables, (3) 
probabilistic reasoning, (4) correlational reasoning, and (5) combinatorial reasoning. The 
development of reasoning developed until the age of adulthood. Reasoning development largely 
depends on how far students actively manipulate and actively interact with the environment. 
Reasoning skills greatly influence students’ success in linking related concepts in order to obtain a 
new understanding. The learning process will occur when the learner has had the readiness of 
the ability to connect the concepts that will be studied with the old concept. Formal reasoning 
skills possessed by the students play an important role in understanding and in constructing 
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concepts. Lawson (1993) suggested that there is a significant relationship between the level of 
student reasoning with the acquisition of student learning in physics. Leong (2007) found that 
student at the stage of formal thinking also has a high ability in mathematics and language. 
At the formal operation stage, a student was able to think logically, to think with formal 
theoretical reasoning based propositions and hypotheses and be able to conclude on the basis of 
his reasoning associated with facts obtained from observations (Piaget, 1981). (Nur, 1991) states 
in adolescence children have been able to think of symbolic and think abstrac of the object being 
observed, systematic, focused and have a goal to be achieved, in addition to being able to think 
of inductive, deductive and empirical rational. But in reality there are still children who have 
graduated at secondary school level and even in college yet reached the level of cognitive 
development at the stage of formal (Ruseffendi, 1992). 
Solid State Physics is a subject that is compulsory for the students of Physical Education 
department for  the academic year 2012. Most concepts, principles and laws are studied in this 
course are abstract. Students who attend this course were expected have a formal operations of 
thought, ie, logical thinking, abstract thinking, generalization, analytical, and sistimatic. They have 
been able to understand the concepts contained behind the symbols and manipulate the rules 
that operate within the structure of this course. When they faced a problem it will be able to 
compile all possible of all the variables that may be provided. These capabilities greatly affect the 
outcome of learning physics in general, are not real need formal reasoning to understand. A 
student who has been able to think logically in learning to understand the concepts of physics, 
then the student will be able to study the structure of science itself. This study bertujuaan to 
describe the level of cognitive development department of Physical Education students of 
academic year 2012 Tadulako. Questions were asked to answer the question how much the level 
of cognitive development of students men and women in the study program studied. 
 
METHODS 
This research was conducted at the University of Physical Education Prodi Tadulako, Palu which 
aims to describe the level of cognitive development of students of the academic year 2012. A 
total of 98 students serve as research subjects. Formal Reasoning Ability Test (TKPF) is used as an 
instrument to collect data in the field. TKPF used in this study is a technique adapted in Indonesia 
by Nur 1991 and the meaning of TKPF scores were shown in table 1. TKPF consists of 10 test 
items. Two selected test items to measure each operation of five formal reasoning, namely 
controlling variables, proportional reasoning, reasoning probabilistic, reasoning correlation and 
combinatorial reasoning. The format of the grain is preferred. Subjects were asked to choose one 
answer from a number of possible answers are provided and asked to give a reason to choose 
one reason true of a number of options available reasons. The answer to the stated test items 
correctly only if both, either answer or reason is selected correctly.  
Table 1. The Meaning of TKPF Scores 

Score Cognitive stage 

0-1 Concrete 

2-3 Transition 

4-5 Early Formal 

6-10 Formal 

 
TOLT has been adopted into Indonesian setting by Nur in 1991. The tool name is Formal 
Reasoning Ability Test (TKPF). Psychometric characteristics were investigated include (1) tarap 
difficulty grains, (2) distinguishing grains, (3) internal consistency, and (4) validity. The conclusion 
of the test item analysis states that TKPF adaptation is a tool that is reliable and valid measure to 
measure formal reasoning skills in group settings. 
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RESULTS 
Results-1. Results of mapping the cognitive development of students 
 Description of the level of cognitive development department of Physical Education students of 
academic year 2012 are shown in Table 2. The percentage of students who are beginning formal 
level of cognitive development dominates, namely 43%. The next sequence is a student who is at 
the level of formal cognitive development, namely 33%, the operation transitions (16%) and the 
concrete operations of 8%. This percentage indicates that there have been 33 students who have 
been able to resolve problems related to proportional reasoning, reasoning variables 
probabilistic reasoning, reasoning correlational and combinatorial reasoning. There are still 8% of 
the students were able to simply resolve problems related to proportional reasoning. 
 
Table 2.  Description of Cognitive Development Level Students 

No Cognitive Development Level  Number of students  Percentage (%) 

1 Concrete 8 8 

2 Transition 16 16 

3 Early formal 42 43 

4 Formal 32 33 

 
Results-2. Results of mapping the cognitive development of students by gender. 
Level of cognitive development of students by gender can be seen in Table 3. The mean score is 
4.92 acquisition female students and male students is 5.88. Both of these figures when converted 
to the level of cognitive development is a male student had been in formal operation stage and 
female students are at the beginning of formal operations. It states that in general students of 
men and women have been able to think flexibly and effectively, and is able to deal with complex 
problems. From the table seemingly that the percentage level of cognitive development of male 
students concrete operations, transition, formal and formal beginning is respectively 8%, 12%, 
36% and 44%. While the percentage of female students respectively were 8%, 15%, 50% and 
29%. 
Table 3. Levels of Cognitive Development Based on Gender  

Cognitive Development Level Female % Male % 

Concrete 6 8 2 8 

Transition 11 15 3 12 

Early Formal 35 50 9 36 

Formal 21 29 11 44 

         
DISCUSSION 
The  Mapping of students cognitive developments 
Piaget's stages of cognitive development of children divide into four stages namely sensory phase 
motors (birth-2 years), preoperative stage (ages 2-7 years), stage of concrete operations (ages 7-
11 years) and the stage of formal operations (11-15 years of age). These stages have been 
standardized and interconnected. The sequence of steps can not be exchanged or reversed 
because a later stage underlies the formation of the previous stage. The difference between a 
very big stage. Because there is a difference in quality of thought to another. Nonetheless 
elements of previous developments remain discarded. From this description it is understood that 
the stage of development of students already at the stage of formal operations. At this stage the 
individual has been able to solve the problems related to proportional reasoning, reasoning 
variables, probabilistic reasoning, and reasoning correlational and combinatorial reasoning. 
Results of the data analysis in this study showed no significant difference with what has been 
observed by Piaget (1957). There are still 8% of students who are at the stage of concrete 
operations. This suggests there are still students who are only able to apply logical thinking in 
concrete objects. Students are only able to form concepts, see relationships and solve problems 
when they involve objects and situations that they know. Logical thinking with all of its elements 
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are still limited to be applied to concrete objects. Sort and classify the two logic of thought that 
developed at this stage (Eggan and Kauchak, 2004). 
The percentage of students who have high levels of cognitive development transition is 16%. At 
this stage the individual has been able to resolve problems related to proportional reasoning and 
controlling variables. Patterns of thinking they are still limited to the proportional reasoning and 
controlling variable although already started to move towards the investigation of causality 
(Piaget, 1957). In assessing something, they have used a simple logic that assessment provides an 
objective statement. They've been able to understand the quantitative relationships in science, 
develop and proportional reasoning (Baldwin, 1967). But in analyzing something that they think is 
right, they still often by trial and error, and without careful consideration. The pattern of their 
thinking is not enough in terms of thinking about the truth of something by using the probability 
of correctly. Nur (2004) states the student group has been able to link the relationship between a 
part and another still allied, but have not been able to connect a part of the whole. In the study, 
groups of students prefer to conduct direct observation of the object of the listening to the 
explanation of something. 
At the early stage of formal operations, the percentage of students is higher than other operating 
phase (42%). Most students have to use logic and have started to love to make theories about 
everything that it faces. But they still often fail in completing the reasoning relating to 
combinatorial reasoning. In experiments with a simple pendulum, the group has been able to 
determine what factors are some that can determine a period of swing properly, but in 
connecting one concept to another student group is still often have doubts (Baldwin, 1967; 
MacKinnon (2004) states, in learning scientific concepts that are abstract, this group requires a 
model in order to understand the concept correctly. 
At the stage of formal operations thinking, reasoning and logic in solving the problems faced has 
grown. There liberation of thought from direct experience to the thinking that is based on 
propositions and hypotheses. Assimilation and accommodation continues to play a role in 
shaping a more comprehensive scheme on the thinking of students. At this stage in the quality of 
the students thought the same as thinking adults but still differ in quantity, because of the 
experience factor. Key elements in the formal reasoning is deductive reasoning (infer special 
from common experience), inductive reasoning (infer the general from particular experiences), 
abstract thinking (abstraction indirect object) and thinking systematically. At this stage of 
development the students have started forward in understanding the concept of proportions 
well, has been able to use a combination of thought, and has been able to combine the two 
references of thought. He also had to understand the probability of the element combinations 
and permutations. Only 32% of students who have been at the stage of formal operations. 
 
b. Mapping cognitive development based on gender. 
The gender difference is one of the various differences that exist in the classroom. Students of 
male and female differ in some respects. Elliott (2000) has revealed some differences of students 
in terms of gender differences. Differences are also apparent in physical differences. Male are 
usually physically bigger and stronger though almost all female. Male also expressed more 
superior in terms of spatial skills than female. Nonetheless, male often have problems in terms of 
language, so female expressed more superior in terms of verbal ability. This gender difference 
appears to also have an effect on how motivated the students to excel. This is because of the 
assumption that male are superior in science and math, while the female will be superior to the 
tasks more feminine such as art and music. The next difference is the levels of aggressiveness, 
male tend to be more aggressive than for female. 
Several studies on the development of cognitive differences between men and women stated 
that in general get more similarities than differences. The performance of boys in mathematics 
and the introduction of better space than females only in certain cases, for example in children 
who are gifted. Cognitive differences between men and women do not always appear in various 
fields, there are times when another field disappears. This is in contrast with the results of this 
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study. In general, the average percentage score of male students is higher than the average score 
of women. These results suggest that, the mindset of male students mature faster than with the 
mindset of female students. It is revealed that male students more quickly solve problem which is 
abstract and complex when compared to female students. These findings differ from what is 
disclosed by Heong et al. (2011) that gender, academic achievement and socioeconomic status 
does not affect a student's ability to think. Along these results, Reese et al. (2009) also reported 
that gender differences do not show a significant difference in terms of divergent thinking skills. 
At the level of concrete operations and transition the percentage of male students and female 
students less than the two phases hereinafter. At this stage, the percentage of male students and 
women equally. It is caused by a female student at this stage has been better in verbal ability, 
mathematical calculations, as well as tasks that require fine motor coordination and perception. 
(Reese et al, 2009). At the level of formal operations percentage of male students are larger than 
females. An explanation of this can be attributed to biological factors associated with spatial 
skills. Male brain tends to grow and have more complex spatial than the female brain. This factor 
causes male students generally superior in using the skills spatialnya (Casey, 2001). In solving the 
problems associated with probabilistic reasoning, reasoning correlational and combinatorial 
reasoning, male students are superior with these spatial skills. 
 
CONCLUSIONS 
The percentage of students who are beginning formal level of cognitive development dominates, 
namely 42%. The next sequence is a student who is at the level of formal cognitive development, 
32%, the operation transitions (16%) and concrete operations (8%). This percentage indicates 
that there has been a 74% students of department of Physical Education Academic year 2012 
which meet the level of cognitive development as in the analysis of Piaget, which has been able 
to resolve problems related to proportional reasoning, reasoning variables probabilistic 
reasoning, reasoning correlational and combinatorial reasoning. 
The mean score is 4.92 acquisition female students and male students is 5.88. Both of these 
figures when converted to the level of cognitive development is a male student had been at the 
stage of formal operations while female students is still in the early stage of formal operations. It 
states that in general students of men and women have been able to understand matters relating 
to the reasoning relating to probabilistic reasoning, reasoning correlational and combinatorial 
reasoning. 
The percentage level of cognitive development of male students ranging from concrete 
operations, transition, formal and formal beginning is respectively 8%, 12%, 36 and 44%. While 
the percentage for women respectively were 8%, 16%, 50% and 29%. 
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ABSTRACT 
Measurement of radiation exposure on the x-ray plane has been done in Installation and 
diagnostic radiology in the Ulin hospital using analog surveymeter. The purpose of this study was 
to determine the radiation exposure in x-ray tube and find out radiation exposure in x-ray plane 
environment, so that we can know the radiation protection in installation Radiology. The benefits 
of this study is to determine the level of x-rays plane that used. Measurement of radiation 
exposure on the tube and the environment of x-rays plane found varying levels of exposure. The 
highest exposure x-ray tube located in the left side of the tube amounted to 52.5 mR/hr, while 
the highest exposure in the environment of x-ray plane located in operatator room amounted to 
0.230 mR/hr. Based on the measurements, the intensity of exposure is obtained at each 
measurement point below the threshold BAPETEN. 
 
Key words: exposure, x-ray plane, protection, radiation 

 
INTRODUCTION 
The use of radiation sources in industry, health and research has increased rapidly. One source of 
x-ray radiation is the x-ray plane. X-rays plane widely used in the medical field for diagnostic and 
therapeutic purposes. The use of x-rays should pay attention to two aspects, namely the risks and 
benefits are achieved. Facts show that the installation can be very vulnerable if radiological 
protection and radiation exposure measurements are not done. Neglect of safety procedures 
controlling radiation sources can lead to high radiation exposure. The impact will be felt directly 
by the radiologist and indirect impact will be felt by the surrounding community. 
According to Government Regulation No. 33 Year 2007 on Ionizing Radiation Safety and Security 
of Radioactive Sources in Chapter I of Article I (Team of PP, 2007) : “Ionizing Radiation Safety 
hereinafter called Radiation Safety is the actions taken to protect workers, the public and the 
environment from radiation ha ards”. The need for measurement of radiation exposure plane x-
rays to determine the level of radiation spread because it is very important as radiation 
protection for workers, patients and the public. 
This research will be conducted using survey meter to measure radiation exposure x-ray plane 
tube and exposure to radiation in the environment of space x-ray plane. it is also to determine 
whether there is a leak in the x-ray plane.  
X-ray 
Through a generator that makes electricity with high potential, metal incandescent molybdenum 
anneal, at a certain moment the metal incandescent produces a cloud of electrons (metal 
incandescent molybdenum is referred to as a filament) at a certain temperature and a certain 
moment anyway electrons are attracted to the anode (the anode is a radioactive element barium 
platinum cyanide or tungsten carbide). If the anode is bombarded by electrons, will arise 
roentgen rays or x-ray radiation, this situation occurs in the vacuum tube Coolidge. 
The tube used is a vacuum tube in which there are two electrodes, an anode and a cathode. 
Cathode / filament tube Roentgen connected to the filament transformer. This will give supply 
resulting warming the x-ray tube filament, causing thermionic emission, where the electrons will 
break free from their atomic bonds, resulting free electrons and formed clouds of electrons. Free 
electrons that exist around the cathode to be withdrawn toward the anode, as a result there was 



 

Proceedings of International Conference on NAMES 2015 | Measurements of X-Ray Radiation Exposure in Installation and 
Diagnostic Radiology Ulin Hospital Banjarmasin 

302 

 

a loop (closed circuit) then will occur contrary to the flow of electrons that electric current. At the 
same time, the electrons are drawn to the anode will hit the anode and detained. If the collision 
the electron is right in the atomic nucleus called events breamstrahlung and if it hit him in the 
electrons in the K shell, called K characteristics.  

 
Figure 1. bremstahlung process  

This collision occurred due to the hole-hole because electrons hit by the bouncing. Hole-hole will 
be filled by other electrons. This electron transfer will generate an electromagnetic wave of 
different wavelengths. Electromagnetic waves with a wavelength of 0.1 to 1 A ° is then called x-
rays or Roentgen rays At the same time, the electrons are drawn to the anode will hit the anode 
and detained. If the collision the electron is right in the atomic nucleus called events 
breamstrahlung and if hit it dielectron in the K shell, called K characteristics. This collision 
occurred due to the hole-hole because electrons hit by the bouncing. Hole-hole will be filled by 
other electrons. This electron transfer will generate an electromagnetic wave of different 
wavelengths. Electromagnetic waves with a wavelength of 0.1 to 1 A ° is then called x-rays or 
Roentgen rays. 
The x-ray generator is a device used to generate x-rays. This tool is usually used by the radiologist 
to obtain an x-ray image the inside of an object, but the tool is also used in sterilization or 
fluorescence. The x-ray imaging system comprised of the x-ray source or generator (x-ray tube), 
an image detection system which can be either a movie (analog technology) or digital capture 
system. 
X-ray systems are the simplest consists of a high-voltage generator, the x-ray tube, collimator, 
object or patient, dam screen films that can be seen in Figure 2. The -ray generator has a circuit 
breaker, automatic transfer, timers and contactors, step-up transformers and rectifiers and 
controllers for tube filaments. x-ray generators for medical purposes have specifications: 80 kVp 
(peak kilovolts), 300 mA and 0.1 s, while the average power used is greater than 100 kW. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Scheme of x-ray Generator 
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Radiation protection 
If the use of radiation sources not controlled properly can be dangerous to health. For that there 
needs to be a good supervisory regulations relating to the use of radiation and radioactive 
materials, as well as the regulatory body responsible in order that these regulations. In Indonesia, 
the regulatory body is BAPETEN (Nuclear Energy Agency). 
According to Tim Pusdiklat BATAN (2008) ICRP as the international commission for radiation 
protection recommends 3 doses acceptance principle in preventing the use of radiation to a 
specific purpose, namely: 
(1). Justification 
Any use of radioactive substances or other sources should be based on the principle such 
benefits. An activity that include exposure or potential exposure only be approved if it will turn a 
bigger profit. 
(2). Limitation 
Equivalent dose of radiation received by workers or the public should not be exceed Dose Limit 
Value (NBD), has been determined. Dose limits for radiation workers is intended to prevent the 
appearance of deterministic effects (non-stochastic) and reduce the chances of occurrence of 
stochastic effects. 
There are two notes relating to this dose limit value. First, the notion that the limit value 
expressed a clear line between safe and unsafe. This is not entirely true. Only the limit value 
stated limit radiation doses that can be received by the workers or the public, as far as the 
knowledge that exists today. The most important element of the use value of this limit is applied 
the principle of ALARA (As Low As Reasonably achieveable) on each use of radiation. Secondly, 
the difference in the value of dose limits for radiation workers and the general public. The value 
of this limit is different for radiation workers is considered to accept greater risks (in other words, 
receives a greater profit) than the general population, partly because of radiation workers 
received surveillance radiation doses and health periodically (Pusdiklat Team, BATAN, 2008). 
(3). Optimization 
All exposure should be kept as low as possible (As Low As Reasonably achieveable - ALARA), 
taking into account economic and social factors. The utilization of nuclear energy must be 
planned and sources of radiation must be designed and operated to ensure that radiation 
exposure occurs can be suppressed as low as possible. 
 

METHODS 
In this research use the equipments : 
x-rays plane 
Plane X-rays are used as radiation sources to be measured. This research used x-ray plane 
Daeyoung brand, general stationary type. 
Surveymeter 
Surveymeter used to measure exposure to radiation from X-ray plane with units of mR/hr. 
Surveymeter used in the form of analog Surveymeter. 
Film badge 
Film badge used to measure the dose of radiation exposure. Film badge used is the type of 
Chiyoda. 
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Figure 3. Flow diagram of the study of radiation exposure 

 
 
 
 
 
 
 
 
 
 
Figure 3. Flow diagram of the study of radiation exposure 

 
Procedures 
 
Measurement of radiation exposure to the X-ray tube and the surrounding environment plane X-
ray done to determine the measurement points. Furthermore, the preparation of radiation 
measuring instruments, namely Surveymeter a way to check the state of the battery and turn on 
the audio so that when the detector Surveymeter regarding radiation exposure can wheezes. 
Measurement of radiation exposure to the X-ray tube is done by determining measurement 
points within 1 m of tube, position on the left tube, position on the right tube, position in front of 
the tube, position behind the tube, position under the tube as shown in Figure 4. 
 

 

Note : 
A : position on the left tube 
B : position on the right tube 
C : position in front of the tube 
D : position behind the tube 
E : position under the tube 
 

Figure 4. Measurement of radiation exposure to the X-ray tube  
 
 
 
 
 
 
 
 

Turned on the X-ray 

Regulate current and voltage X-ray plane (kV and mAs) 

Set the distance measurement around the tube 

Measuring Radiation Exposure (mR / h) respectively 3 
times at each point 
- The X-ray tube with a distance of 1-3 m 
- the area around the plane X-ray dg distance of 4-6 m 
  
 

Data Analysis 

Result of measurement 
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Figure 5. Measurement of radiation exposure in the X-ray plane 
 
Measurement of radiation exposure in the plane X-ray is done by determining measurement 
points within 4-6 m of the tube, the operator room (control panel), make up room, toilet, waiting 
room, and the patient / medical workers roads as in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Plan of the space pla ne X-ray 
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Determination of the distance of 1 m from the tube refers to the benchmarks that have been 
established by NCRP (National Committee on Radiation Protection), the level of radiation 
exposure tubes should not be more than 100 mR / h at a distance of 1 m from the X-ray source in 
any direction. Measurements were taken three times at each point to three times the voltage 
and current settings are then calculated average. Voltage and current settings are used, namely: 
(V = 80 kV; i = 200 mA; t = 0.08 s), (V = 75 kV; i = 150 mA; t = 0.08 s) and (V = 68 kV; i = 120 mA; t = 
0.08 s). Voltage and current usage is because such arrangements are often used medical workers 
to patients. Measurement of radiation exposure at a distance of 2-3 meters plane X-ray is done 
with the same procedure 
 
Data analysis 
Data analysis was carried out by processing the measurement data, the data around the tube and 
in the space plane X-rays. The average of the processed data are then compared with reference 
to radiation exposure have been allowed by the NCRP, namely for the measurement of exposure 
to the tube on a plane X-ray, the benchmark level of radiation exposure should not exceed 100 
mR / h and according to Pusdiklat Team from BATAN to benchmark exposure to radiation 
occupied by radiation workers should not exceed 2.5 mR / h, while for the general population 
should not exceed 0.25 mR / hr. 
 
RESULT AND DISCUSSION 
Results of Radiation Exposure measurement on X-ray Tubes 
Table 1. Measurement of radiation exposure to the X-ray tube 

Settings Position Measurement 
Measurement Radiation 

exposure 
(mR/jam) 1 2 3 

V = 80 kV; 
i = 200 mA; 
 t = 0,08 s 

to the right side 52,2 52,3 51,8 (52,1 ± 0,2) 

to the left side 52,5 52,1 51,8 (52,1 ± 0,2) 

forward 23,2 23,6 22,9 (23,2 ± 0,2) 

behind 32,4 32,1 31,6 (32,0 ± 0,2) 

under 20,8 21,2 21,5 (21,2 ± 0,2) 

V = 75 kV; 
i = 150 mA; 
t = 0,08 s 

to the right side 30,8 30,2 30,7 (30,6 ± 0,2) 

to the left side 31,7 31,4 30,8 (31,3 ± 0,3) 

forward 13,6 13,5 12,8 (13,3 ± 0,3) 

behind 15,7 15,8 14,8 (15,4 ± 0,3) 

under 11,6 12,3 12,3 (12,1 ± 0,2) 

V = 68 kV; 
i = 120 mA; 
t = 0,08 s 

to the right side 20,6 19,6 19,7 (20,0 ± 0,3) 

to the left side 21,2 20,3 20,3 (20,6 ± 0,3) 

forward 8,9 8,6 8,7 (8.7 ± 0,1) 

behind 11,2 12,1 12,1 (11,8 ± 0,3) 

under 7,1 7,3 7,8 (7,4 ± 0,2) 
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Setting the magnitude of the voltage (kV), current (mA) and time (s) used in the measurement of 
radiation exposure is the most frequently used settings or radiographer operator. Setting voltage 
(kV), current (mA) and time (t) of the first, namely V = 80 kV; i = 200 mA and t = 0.08 s operators 
normally used for abdominal examinations, colone inpelope and lumbosacral in patients. The 
second setting, V = 75 kV; i = 150 mA and t = 0.08 s normally used by the operator for inspection 
in the skull area, thorax and knee joint, while for the third setting, ie V = 68 kV; i = 120 mA and t = 
0.08 s is used by the operator for inspection on the part closest to the outside, such as palms, 
femur and phedis. From Table 1 it can be seen that the higher the setting voltage, current and 
timing the higher the intensity of the measured radiation, while the smaller the setting voltage, 
current and timing the lower the intensity of exposure measured. 
 
Results of measurements of radiation exposure around the plane at a distance of 2 m 
Tabel 2 Results of measurements of radiation exposure around the plane at a distance of 2 m 

Setting 
Position 
measurement 

Measurement Radiation 
exposure 
(mR/jam) 

1 2 3 

V = 80 kV; i = 
200 mA; 
 t = 0,08 s 

to the right side 20,6 21,3 19,8 (20,6 ± 0,4) 

to the left side 18,3 17,6 18,1 (18,0 ± 0,2) 

forward 13,2 13,7 12,7 (13,2 ± 0,3) 

behind 0,1 0,2 0,1 (0,1 ± 0,03)  

under 10,5 9,2 9,7 (9,8 ± 0,4)  

V = 75 kV; i = 
150 mA; 
t = 0,08 s 

to the right side 14,6 14,3 14,3 (14,4 ± 0,1) 

to the left side 13,4 13,2 13,4 (13,3 ± 0,1) 

forward 8, 3 7,9 8,1 (8,1 ± 0,1) 

behind - - - - 

under 6,5 6,2 6,2 (6,3 ± 0,1) 

V = 68 kV; i = 
120 mA; 
t = 0,08 s 

to the right side 11,2 11,4 11,2 (11,3 ± 0,1) 

to the left side 10,8 11,7 11,6 (11,4 ± 0,3) 

forward 5,6 5,3 5,5 (5,5 ± 0,1) 

behind - - - -  

under 4,2 3,9 4,1 (4,1 ± 0,1) 

  
Results of measurement at a distance of 2 m from the tube, the intensity of the highest exposure 
to the right of the tube is equal to I = (20.6 ± 0.4) mR / hr for setting V = 80 kV; i = 200 mA and t = 
0.08 s, while the lowest exposure being at the bottom of the tube, that is equal to I = (4.1 ± 0.1) 
mR / h at setting V = 68 kV; i = 120 mA and t = 0.08 s. 
As the plane X-ray is set at a voltage, current and time are high, ie V = 80 kV; i = 200 mA and t = 
0.08 s at the rear of the measured intensity of the small tube. This is because the distance of 2 m 
at the rear of the tube is blocked by the wall thickness of ± 25 cm. This part is the kitchen in the 
radiology room. At the time of setting a lower, ie V = 75 kV; i = 150 mA; t = 0.08 s and V = 68 kV; i 
= 120 mA; t = 0.08 s, Surveymeter cannot show the value of exposure to radiation. Surveymeter 
only sounds "beep" which indicates there is still radiation but in small quantities. The possibility 
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of such radiation can be measured by using a digital Surveymeter because analog Surveymeter 
smallest number only 0.1 mR / hr. 
 
Results of measurements of radiation exposure around the plane at a distance of 3 m 
 
Tabel 3 Results of measurements of radiation exposure around the tube at a distance of 3 m 

Section tube (3 m) 
Measurement radiation exposure 

(mR/jam) 1 2 3 

to the right side 10,7 11,5 11,2 (11,1 ± 0,2) 

to the left side 10,9 10,5 11,3 (10,9 ± 0,2) 

Forward 8,3 7,6 7,4 (7,8 ± 0,3) 

Behind - - - - 

Under 5,6 5,2 4,7 (5,2 ± 0,3) 

 
These measurements use the setting V = 80 kV, I = 200 mA and t = 0.08 s. At a distance of 3 m 
from the smaller tube radiation exposure. The highest intensity of exposure are on the right side, 
which I = (11.1 ± 0.2) mR/h and its lowest exposure being at the bottom, ie I = (5.2 ± 0.3) mR / hr. 
On the back of the tube which is the way the patient into the waiting room, Surveymeter still 
emits a "beep" which indicates there is still a small amount of radiation that cannot be measured 
by the analog Surveymeter used. Thus at a distance of 3 m is also said to be safe for the operator 
or the patient within a certain time limit. 
Results of measurements of radiation exposure in the X-ray plane. 
 
Tabel 4 Results of measurements of radiation exposure around the tube at a distance of 4 m 

Room  
Measurement 

radiation exposure (mR/jam) 
1 2 3 

Operator  0,2 0,3 0,2 (0,2 ± 0,03)  

Make up 0,2 0,1 0,1 (0,1 ± 0,03) 

Toilet - - - - 

medical workers roads - - - - 

Waiting - - - - 

 
Based on the results of measurements at a distance of 4 m from the X-ray tube is obtained 
intensity of exposure to the operator station of the I = (0.2 ± 0.03) mR / h and in the locker room 
patients at I = (0.1 ± 0.03 ) mR / hr. For the medical workers, the patient and the patient waiting 
room sound indicator of surveymeter still reads, which means there are exposure to radiation in 
the region in small quantities that cannot be measured by the analog Surveymeter. 
From measurements of radiation exposure can be seen that in the operators and in the waiting 
room of patients within 4-5 meters of X-ray tube is still safe to use because it is still below the 
benchmark recommended by BAPETEN for radiation exposure is occupied by radiation workers 
should not be exceeding 2.5 mR/h, while for the general population should not exceed 0.25 
mR/hr. 
Currently, measurement of radiation exposure at a distance of 6 m, which is in the waiting room, 
the medical officers and a gathering place for students who carry out practical work, surveymeter 
still indicate the presence of radiation with the sound, but it cannot be measured. 
When measurements are obstructed by a bulkhead which is coated with lead measured intensity 
will be smaller. Similarly, when the measurement at places blocked by a concrete wall. This is 
because the radiation that passes through lead or concrete will be reduced and weakened so that 
the measured intensity of the smaller. Measurements also showed that the farther the range of 
radiation exposure, the intensity is getting smaller. This is consistent with the theory that the 
radiation intensity is reduced and inversely proportional to the square of the distance from the 
radiation source. 
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Using Evaluation Results Film Badge 
Based on the results of the evaluation of the operator's film badge 5 months of the operators on 
duty at the X-ray room is gained accumulative dose of 0.5 mSv, or about 50 mR/month. Based on 
previous results the operator space within 4 m from the plane of X-ray exposure of 0.2 mR/hr, 
while the results of the evaluation of the film badge is only 0.1 mSv/month or just 10 mR/mo. If 
the operator working 2-4 hours a day, certainly within a month of evaluation results film badge 
they are: 0.2 mR/hr x 4 hours = 0.8 mR/day or approximately 24 m/mo. Then within 5 months of 
the operator will be exposed to a dose of about 120 mR or 1.2 mSv. This is because the operator 
on duty in this space rarely use their film badge. 
From the measurement results with three times the voltage setting and current X-rays with a 
distance of 1 m, the radiation exposure the highest are in the right and left side X-ray tube, but 
the intensity of his presentation is still below the benchmarks that have been set NCRP, ie on a 
distance of 1 m exposure to radiation X-ray tube should not exceed 100 mR / h. Aircraft can be 
said X-rays are still in top shape and safe to use. Thus a medical officer is still in the scope of the 
safe at a distance of 1 m from the X-ray tube, but medics still have to limit the length of time he 
was in the tube the highest presentation because of factors that cause the amount of radiation 
received by a person is exposure time. 
Measurement of radiation exposure at the top of the tube cannot be done because of the 
limitations of the tools used. This section includes the release window of X-rays through the 
collimator so that the possibility of a large radiation exposure intensity. Measuring tool 
surveymeter there is only analogue in its use must always be held and viewed carefully the 
movement of the needle time of exposure. If the measurement is still carried the sensitive part, 
that the eye will be exposed to radiation is quite high and this could be dangerous for 
researchers. 
In the space of the tube within 2-3 m of the tube is still safe to use if done with the proper 
procedures, but by the operator to be irradiated patient must line up in this room. This can 
endanger the patient because the patient will be longer exposed to radiation. With so meaningful 
will be the more acceptable to the patient dose. If the patient must remain in space plane X-rays 
have to wait their turn, should the patient should be given clothes as a protective apron vital 
organs from radiation exposure. Level of patient safety will be maintained if the patient waiting 
exposes remain in the waiting room because the waiting room was at a safe distance from the 
radiation exposure. This is in accordance with the principle of the protection that has been set 
ICRP. 
ICRP has defined three principles of radiation protection in the use of nuclear energy in various 
fields of activity. The principle is the justification, optimization and limitation. Optimization 
principle meant that the possibility of receiving the radiation exposure by workers and 
community members can be reduced as low as possible taking into account social and economic 
factors. 
In principle optimization also emphasized three basic of radiation protection, which is the timing 
when the radiation is in place, setting a safe distance to the radiation source, and the use of 
radiation shielding. 
The third basic of radiation protection is a very simple way to suppress reception radiation 
exposure. Additionally radiation workers should be able to recognize the field of radiation 
exposure is to find clear information about the level of radiation at certain points. Thus every 
employee can set the time in the presence of radiation, a radiation avoid unnecessarily, as well as 
finding a safe position of the radiation in their duties. 
Not only the medical workers, patients and the general public are expected to know clear 
information about points of this radiation exposure, so that they can be protected from the 
dangers of radiation. With the measurement of the level of radiation exposure can help every 
worker radiation in an effort to limit the acceptance of radiation exposure during stints in the 
radiation field to himself or to patients and the general public. 
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CONCLUSIONS 
Based on the results it can be concluded that the intensity of the exposure at each measurement 
point is still at the level permitted so that the plane of X-rays are still safe to use for the purposes 
of examination in patients. Dose rate measurement results received workers and people outside 
the room Radiation is 0.1 - 0.2 mR/hr, and the highest exposure to the X-ray tube is in the right 
and left side tube, which amounted to 52.5 mR / h to V = 80 kV; i = 200 mA; t = 0.08 s, while the 
lowest exposure is 7.4 mR / h when V = 68 kV; i = 120 mA; t = 0.08 s. 
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ABSTRACT 
Wooden furniture manufacturing is an important industry sector in Victoria, Australia. Victoria 
produces a large amount of wood waste, while the recovery rate is rather low. In 2010/11, 
Victoria generated 335,619 tonnes of wood waste that was sent to landfill. The effort to recover 
wood waste has been undertaken through developing in various applications for this wood. The 
recovery of wood waste into furniture products has potential for further development because it 
may reduce global environmental impacts in comparison with the use of virgin wood. The aim of 
the project was to assess various alternatives for reusing and recycling wood waste and end-of-
life wood products for the production of furniture and furniture components. The research was 
conducted through a detailed literature review and questionnaire and semi structured 
interviews. 
The results showed that recovery rate of wood waste in Victoria has been decreasing from 2006 
to 2011. However, the recycled furniture companies contribute to the recovery of wood waste 
from construction and demolition (C&D) and packaging waste streams. Results from the survey 
revealed that the recycled wood furniture is mostly traded in the domestic market and are 
produced by customer orders. It leads to a low quantity of the production and low recovery rate. 
There are several suggestions that could be implemented in Victoria to expand the trends 
towards the production of recycled timber furniture. First suggestion is to adopt and collaborate 
wood waste management systems from other countries to integrate government, business and 
household sector in wood waste recovery. Second, to encourage the development of green 
design furniture by developing the manufacture of furniture that is easy to disassemble, using 
simple joints and avoiding the use of screws. Third, to develop wood waste recovery technology. 
Fourth, to create a legislative framework that covers the needs of stable systems in the wood 
waste management industry in Victoria.  
 
Keywords: furniture, recycling, reusing, wood waste  
 
INTRODUCTION 
Wooden furniture manufacturing is an important industry sector in Victoria. The Victorian timber 
industry produces a large amount of wood waste, and the recovery rate is rather low. In 2009-10, 
Australia generated 3.41 million tonnes of timber and wood product waste (ABS 2014). The effort 
to recover wood waste has been implemented in various applications such as compost and 
mulch, recycled timber, fuel/bioenergy, animal bedding and recycling into particleboard (Daian & 
Ozarska 2009). However, the trend towards a greener and cleaner furniture industry is gathering 
momentum. The recovery of wood waste into furniture products has a potential for further 
developments. Iritani et al. (2014) suggest that using wood waste as raw material is more 
sustainable because there are less global environmental impacts than using virgin wood. 
Therefore, the use of wood waste as raw materials in furniture production is very important for 
the future of the furniture industry because it may open new opportunities in the recycled 
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furniture industry. In addition, reusing and recycling furniture and furniture components will 
reduce the wood waste burden on landfill.  
Wood waste management in Victoria is mainly based on protocols derived from The Environment 
Protection Act 1970 and the Towards Zero Waste strategy. The aims of the approach are to 
reduce the generation of waste and to improve the resource recovery rates. The management of 
wood waste in Victoria is based on a waste hierarchy (Figure 1). In compliance with the 
Environmental Protection Act 1970, waste should be managed in accordance with the waste 
hierarchy preference. The most preferable method of managing waste is reducing the amount of 
waste, reusing the produced waste, and then recycling the waste.  
 

 
Figure 6. Waste Hierarchy 
 
The Department of Sustainability, Environment, Water, Population and Communities published a 
report in 2014 on Waste Generation and Resource Recovery in Australia (WGRRA). The report 
provided detailed data on solid wood waste generation, disposal, recycling, resource recovery, 
and energy recovery. The report presented detailed waste data and analysis from 2006/7 to 
2010/11. In 2010/11 total wood waste that was sent to landfill was 335,619 tonnes, which 
consisted of 208,030 tonnes from commercial and industry (C&I), 120,231 tonnes from 
construction and demolition (C&D) and 7,358 tonnes from municipal solid waste (MSW). The 
major contributors of wood waste are the C&I and C&D sector. Therefore, the effort to reduce 
wood waste generation and increase wood waste recovery should be focused on these two 
waste streams. 
The collection and sorting methods of wood waste challenges the effectivity of wood waste 
recovery. The distribution of wood waste is quantitatively and geographically dispersed, so the 
collection and transport methods should be optimized to meet the requirement of acceptable 
costs and environmental impacts such as green house gas emissions, fuel consumption and also 
the practicality of the application. Moreover, sorting is an important phase in the utilization of 
wood waste as it removes 'gross contamination' that can interrupt the recovery process and 
minimizes the risk of wood contamination in wood waste utilization. For example, the wood 
waste industry depends on quality parameters such as the potential of contamination from the 
residue of post-burning wood waste for energy generation (Taylor et al. 2005). The most 
common contamination comes from CCA preservatives. There are several methods to remove 
preservatives from the wood waste, such as laser induced breakdown spectroscopy (LIBS), x-ray 
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fluorescence (XRF), ion mobility spectroscopy (IMS), and near infrared (NR) technologies (Taylor 
& Warnken 2008).   
 All waste is generally sent to landfill (the least preferable form of waste management), except 
the waste that is reused, recycled or used as energy recovery. The recent available landfill space 
is very important for predicting the capacity of the landfill in relation to current and projected 
demand, and how long until the landfill capacity is reached. With the increase of wood waste 
generation, Victoria may run out of landfill soon if the waste is not diverted through recovery 
plans. For example, the current scheduled landfill demands in the Melbourne area provides 
adequate capacity only until 2017/18. However, waste production keeps increasing and, by 2018, 
about 36% of landfill will have reached its full capacity (DSE 2009). This reveals that, from 2018 
onwards, the Melbourne area will need a new landfill. Otherwise, the waste will need to be 
transported to neighboring areas, which will increase the transportation costs and emissions 
because of the greater distance.  
Landfill is generally categorized as inert, putrescible and hazardous, however these categorization 
are not absolute (Pickin 2013). Landfill design should meet the environmental requirements and 
be able to reduce the environmental risk to the level as low as possible. In high-technology 
landfill design, a special layer system is designed to limit the contamination of groundwater 
caused by leachate and to control landfill gas migration (EPA VIC 2014). There are several 
environmental impacts of landfill, such as leachate leakage, green house gas emissions and after-
closure risk. Landfill leachate contains a mix of pollutants such as heavy metals, hydrocarbons, 
dissolved organic matter and salts. Leachate is very dangerous if it contaminates groundwater. 
Good layer systems are designed to prevent such leakage. Moreover, landfill emites a mixture of 
gases dominated by carbon dioxide (CO2) and methane (CH4). The accumulation of gases in the 
landfill can cause explosions or asphyxiation, odour pollution, and has a powerful global warming 
potential. The National Greenhouse and Energy Reporting System (NGERS) reported that landfill 
in Victoria generated 2.1 Mt of CO2-e methane emissions in 2009/2010.  
The generation of methane emissions from landfill should be reduced. One of the methods to 
reduce methane emissions from landfill is to divert organic materials such as food, paper, garden 
and timber from the landfill. Timber contributes significantly to the landfill's methane emissions, 
especially in the C&I and C&D waste stream (NGERS 2009/10). Moreover, the C&I and C&D 
streams contribute the most wood waste to landfill.  In that case, reducing wood waste from the 
C&I and C&D waste streams will lead to lower methane emissions from the landfill and therefore 
reduce the environmental impact. In addition, many chronic risks occur long after the landfill is 
closed. There are several areas that should be considered in aftercare management, such as 
erosion control, cracking cap monitoring, vegetation restoration, maintenance of leachate and 
gas management systems, and groundwater and surface water monitoring.  
One of the sources of wood waste was furniture. Life cycle analysis (LCA) has been conducted by 
Iritani et al. (2014) to analyse the environmental performance of furniture. The results showed 
that furniture company using wood waste as the raw material could be assumed to be more 
sustainable and to cause less global environmental impact than furniture company using virgin 
wood. Moreover, LCA was also used to analyse the energy savings in remanufacturing, reusing or 
refurbishing furniture. Reusing/refurbishing furniture products led to significant savings in energy 
and production costs because reusing and refurbishing will reduce the extraction of raw 
materials, minimise the manufacturing process and reduce transportation requirements (Sahni et 
al. 2010). The dominant phase in the lifecycle of furniture that absorbs a lot of energy is in the 
manufacturing phase, so reducing or eliminating the manufacturing phase leads to significant 
energy savings.  
This project was focused on identifying the types and sources of wood waste used for recycled 
furniture and furniture components, the recovery rate of the wood waste through furniture and 
furniture components, wood waste management in the recycled furniture companies and landfill 
companies, the amount of waste sent to the landfill, the alternative methods of recovery wood 
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waste that could be implemented in Victoria, and regulation and legislation that could increase 
wood waste recovery.  
 
MATERIALS AND METHODS 
Study Area 
The data collection phase of the research project took place in April and May 2015. The 
assessment was limited to wood waste management in Victoria. The definition of wood waste 
that was used in this study was based on the Wood Recovery and Recycling Source Book (Taylor & 
Warnken 2008). The criteria and definitions of wood waste that included in the study were urban 
wood waste, such as wood waste from Municipal Solid Waste (MSW), Commercial and Industry 
(C&I), and Construction and Demolition (C&D). Wood waste was also classified based on the 
three-tiered ABC categorization of wood waste according to materials types: untreated timber 
(Type A), engineered wood products (Type B), and preservative treated and painted timber (Type 
C ) (Warnken 2001).  
The research used mixed methods. The mixed methods involve qualitative and quantitative data 
analysis to answer the research questions. Moreover, mixed methods allow the research results 
to be generalised for future studies and examination (Hesse-Biber 2010). The reasons the project 
used mixed methods were to complement and expand the research analysis and results.  
 
Procedures and Data Analysis 
The research was based on primary and secondary data analysis. The primary data was collected 
from the recycled furniture and landfill companies. The research was conducted through a survey 
and semi-structured interview to gather primary data from the recycled furniture and landfill 
companies. The participants were asked to either fill in the questionnaire that was sent by 
email/mail-out or to complete the questionnaire through a semi-structured interview by the 
student researcher. The total time commitment required of the participants did not exceed 30 
minutes. Different questionnaires were prepared for the recycled furniture and landfill 
companies. The data was analysed using statistical tools, which were based on the interview 
questions. 
The primary data was used to analyses the potential of wood waste recovery through furniture 
and furniture components. The primary data collected from recycled furniture companies were 
the sources, type and quantity of raw materials (recycled wood waste) that are used for furniture 
production, the transportation methods and the distance involved in transporting raw materials 
to the manufacture, the collection methods, the sorting systems, the production type and 
market, furniture refurbishment, and the wood waste post recycled furniture production. The 
primary data gathered from the landfill companies included items such as the amount of wood 
waste sent to landfill, the amount of wood waste recovered/recycled, and the sorting systems. 
The data was collected based on purposive sampling design. The population of the sample was 
identified as the furniture manufactures that use wood waste to produce recycled furniture and 
also those who reuse/refurbish old furniture, and the landfill companies. The invitation to 
participate in the survey was sent to 15 recycled furniture companies and 30 landfill companies in 
Victoria. The responses from at least 25% of the companies was expected to provide sufficient 
data for the data analysis. The convenience sample method was chosen,  hich is “one that is 
simply available to the researcher by its virtue of its accessibility” (Bryman 2  2, pp. 2  ). 
Convenience sampling was used because of the limitation in size of the sample populations and 
their dispersed locations.  
The secondary data was used to analyse the potential of wood waste generation and recovery, 
the possible methods of wood waste recovery, and strategies/policies in managing wood waste 
in Victoria. The secondary data was generated from the literature review, which involved 
extensive review and assessment of relevant reports, books, journal articles, regulations, policies, 
websites, published literature reviews, theses and dissertations. The wood waste data was based 
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on the report ‘Waste Generation and Resource Recovery in Australia: Reporting period 
2   /2   ’ (Randell et al. 2  4). 
 
RESULTS 
Unfortunately, low rate of responses were obtained in the primary data collection from the 
recycled furniture and landfill companies. Only 2 responses were attained from each of the 
respondent categories. A high response rate is preferable to gain accurate survey results, 
however, despite the low rate of responses from the participants, the research should be 
considered as completed.  
 
Recycled Furniture Company 
Raw Material and Sorting Methods 
There are two types of recycled furniture companies; companies that use 100% wood waste and 
companies that use both wood waste and new materials. However, the 1:8 ratio of virgin wood 
and wood waste is quite large. Moreover, new materials are not always applied to all products.  
Recycled furniture companies prefer to use hardwood for raw materials, such as (but not limited 
to) these species: Eucalyptus regnans, E. Obliqua, E. delegatensis, E. microcorys, and E. pilularis. 
Recycled furniture companies set preferences for the raw materials that will be used. They apply 
a sorting system to the raw materials, even if it is only a simple manual sorting system. They 
avoid using contaminated wood and damaged hardwood, because this will add to the workload 
and increase the production costs.  
 
Raw Material Sources 
Recycled furniture companies obtain raw materials from demolition companies, private holders 
and wood recycling companies. The companies usually build partnerships with the demolition 
companies. When the demolition companies are planning to demolish a building and expect to 
have wood waste materials, they will inform the recycled furniture companies about the amount, 
type and size of the wood waste and ask the recycled furniture companies if they are interested 
in purchasing the materials. Another method to obtain raw materials is from private owners of 
the wood waste. Sometimes the owner will inform the recycled furniture companies about the 
availability of the products and if they are interested in buying the wood. In some exceptional 
circumstances, the recycled furniture companies run out of raw materials and they will then buy 
the raw materials from recycled timber companies. The last option is the least preferred because 
the cost is higher than the other options.  
 
Collection and Transport 
There are two collection methods of raw materials: either by delivery from the demolition 
companies or by the recycled furniture companies themselves. If the raw materials are bought 
from the demolition companies, the demolition companies will deliver the raw materials at no 
cost. When the raw materials are obtained from private holders, the recycled companies usually 
pick up the materials.  
The transportation methods used in collecting the raw materials are by truck and van. The 
distance of the raw materials to the recycled furniture companies ranged from 15 km to 60 km. 
   
The Potential Quantity of Production 
The average quantity of wood waste used to produce recycled furniture is about 5 tonnes per 
annum per company. As there are 15 companies in Victoria, the potential production volume 
could be approximately 75 tonnes per annum.  
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Wood Waste Post-Production 
Recycled furniture companies are acutely aware of environmental considerations and always try 
to avoid waste as much as possible. The wood waste from furniture production will be used as 
mulch, fuel, and briquettes, and the rest will be sent to landfill. 
Production Type and The Market 
The recycled furniture companies that were surveyed produce the furniture by customer order 
(custom made). Sometimes they produce the furniture without any order but these are only in 
small quantities.  
 
Reused and Refurbish Old Furniture 
One of the recycled furniture companies collects old furniture and uses the timber to produce a 
new furniture product. However, they do not work on refurbishment of furniture because the 
refurbishment process occupies too much time and is more costly than new furniture to produce.  
 
Landfill Company 
Wood waste type and quantity 
The quantity of wood waste data was calculated from the secondary data. The data that was 
used was sourced from WGRRA 2010/11. The report outlines that the quantity of wood waste 
sent to landfill keeps increasing while the rates of recycling and energy recovery keep decreasing 
(see Table 1). The recovery rate of the wood waste decreased about 13% from 54% in 2006/07 to 
41% in 2010/11. 
 
Table 1. Wood waste disposal, recycling and recovery 

Period 
Disposal Data 
(tonnes) 

Recycling Data 
(tonnes) 

Energy Recovery 
Data (tonnes) 

Recovery 

2006/2007 286,687 339,977 1,114 54% 

2008/2009 276,180 312,653 1,099 53% 

2009/2010 325,315 291,388 698 47% 

2010/2011 335,619 233,554 688 41% 

Source: Department of Sustainability, Environment, Water, Population and Communities  2014 
 

Landfill, Transfer Station, and Recycling centre 
There are at least three institutions involved in wood waste disposal: landfill centres, transfer 
stations, and recycling centres. Wood waste recycling centres collect the waste and reuse or 
recycle the waste into a new product. The waste is sent to transfer stations before it is sent to 
landfill, or is sent directly to landfill.  
 
Collection Methods 
Wood waste is sent to the landfill by the customer. The customer can be a private individual, or 
from government, industry, or transfer stations. Sometimes waste is collected in transfer stations 
to separate recyclable from non-recyclable goods with the unwanted materials sent to landfill. 
One of the interviewed landfill companies only receive wood waste from its customer and do not 
accept drop-off wood waste. 
 
Wood Waste Sorting Method and Restrictions  
One of the landfill companies uses manual sorting methods and limits the type of wood waste 
accepted to non-CCA and non-laminated chipboard/plywood. The other company does not apply 
sorting methods and accepts all wood waste types except that which is categorised as hazardous 
waste.  
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Wood waste recovery for energy 
The landfill companies do not recover wood waste for energy. 
 
DISCUSSION 
Low survey response 
Sheehan (2001) reported that there are numerous aspects that influence the response rate of a 
survey, including survey length, respondent contacts, design issues, research affiliation and 
compensation. In this project, the response rate was low from the recycled furniture companies 
and landfill companies. However, the most common reasons for the companies declining to 
participate were the unavailability of the relevant data and their busy schedules. The 
questionnaire contained many items requiring reporting of quantitative data from the 
companies, which was difficult for the companies to provide under these circumstances.  
 
Potential recovery of wood waste through furniture and furniture components 
The recycled furniture company that contributed to the research data can be categorised as a 
small scale enterprise. This influences the potential recovery data result, which is considered very 
low. The total potential recovery of wood waste through furniture and furniture components is 
only 75 tonnes per annum. This is very small in comparison to the amount of wood waste that 
was sent to landfill in 2010/11 (335,619 tonnes). Based on this data, the recovery rate of wood 
waste through recycled furniture companies is less than 1%. However, the future trends of 
furniture manufacturing are very promising in Victoria, especially because the price difference 
between imported and locally produced furniture is decreasing and the consumer is starting to 
shift support to locally owned and manufactured furniture (Deloitte Access Economics 2011). 
Moreover, the encouragement of small and medium enterprises in line with the Victorian 
Government’s programs is helping to strengthen the competitiveness of the local manufacture 
industry (DBI 2011).  
However, there are also some limitations for the development of recycled furniture industries 
(Top 2015), such as:  
Long transport distance is non-economical. 
In some cases, the reutilisation of wood waste is limited because of the long distance from the 
location of the resources to the manufacture and the market. "A business is expected to choose 
the most cost effective method to dispose of their  aste”(Top 2  5; pp. 8). If recovering  aste 
costs more than disposing of the waste to landfill then the companies will choose the most cost 
effective, which is to dispose of the waste to landfill. 
Lack of integration between the waste producer and the waste user. 
Waste collection methods are different for each manufacturer based on their operational 
conditions. These conditions reveal that the systems that could potentially integrate the 
utilisation of wood waste do not exist yet.  
Long delays during waste collection could degrade the quality of the waste. 
The technology production is available, but it is not economically viable.  
The only benefit of using wood waste as energy generation in incineration is reducing the volume 
of the waste. 
6. The emissions from energy combustion in the burning of wood waste, especially when 
improper combustion has occurred, creates a further drawback of an even worse form of 
combustion emission than fossil fuel combustion.  
 
Demolition industry and wood waste recovery 
The demolition industry is closely aligned with timber waste recovery processes. The construction 
and demolition waste stream is reported to be the second largest contributor of wood waste to 
landfill after the C&D waste stream. Moreover, timber waste from demolition is 3.5 times higher 
than timber waste from new construction (Falk 1997). However, timber recovery in demolition is 
also an option because timber is a highly sustainable material and also provides carbon storage 
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(Forsythe 2011). Furthermore, the raw materials used for the production of recycled furniture are 
mainly from C&D waste. Wood waste from demolished buildings could be reused and recycled 
into various products, such as for structural and interior purposes, decking, cladding, and 
especially furniture. Furthermore, minimising C&D waste through recycled furniture 
manufacturing could reduce the landfill taxes for the demolition companies and simultaneously 
reduce the amount of waste sent to landfill (Forsythe 2011). 
The quantity of available wood waste from demolitions is different for each type of wood waste. 
There are three categories of timber waste quantities from demolitions: high quantities (wall, 
floor and roof framing), intermediate quantities (floor boards, lining boards, cladding boards and 
floor sheeting), and low quantities (doors, jambs, windows, decking boards, railings, cabinetry, 
architraves). However, the stock of timber from demolitions varies with the age of the demolition 
stock. Older demolition stock provides more common sawn wood, while in newer demolition 
stock, softwood and engineered timber are more dominant. This trend influences the recovery of 
C&D timber waste. Moreover, the recovery of softwood and engineered timber from C&D waste 
also depends on the availability of the technology.   
The grade, type, condition, coating and state of the timber is important in grading the saleability 
of the timber. Wood waste market values can be classified as: 
High value: There is strong demand for timber that is suitable for creating architectural products 
and furniture, usually from hardwood species and in large sizes. 
Low value: Wood waste that could be separated onsite and recovered to produce framing 
timber, bio-fuel and raw materials for particleboards.  
No value: No resalable value from the wood waste and sometimes even additional cost occurring 
for the demolisher to dispose the wood to the landfill, for example: softwood, engineered timber 
sheet products, with bonded laminates and volatile compound adhesive.  
The above discussion shows the importance of sorting in the wood waste management process. 
It also highlights the potential benefits of creating regulations that could enforce the 
implementation of wood waste classification, so that there is no 'high value' wood waste that is 
sent to landfill.  
The close relationship between demolition companies and recycled furniture manufacturers has 
stimulated the development of the recycled furniture industry. The demolition companies are 
confronted with an abundance of wood waste from demolitions and the high cost of landfill 
taxes. The demolition companies have attempted to solve this problem by establishing recycled 
furniture companies by themselves. This is called integrated supply chain entrepreneurship 
(Forsythe 2011), in which high-value timber reclaimed from demolition is vertically integrated 
into the supply chain, thereby creating the best solution in terms of efficiency and value creation.  
 
Recommendation 
System learnt from other countries 
There are three countries that have been chosen to be the object of this study: Germany, the 
United Kingdom and Spain. Each country has its own specialised contribution. Germany has an 
Ordinance on The Management of Wood Waste (Altholz-Verordnung) that represents the 
supreme law on this topic in the country. The UK has developed the Household Waste Recycling 
Centre (HWRC) scheme,  hich represents the government’s role in recycling  aste, as  ell as the 
Shifting Old Furniture Around (SOFA) scheme, which is managed by charity organisations. Spain 
has established Spanish Association of Agents of Wooden Biomasses Recovered (ASERMA), which 
represents the wood manufacturers. 
Germany 
In Germany, wood waste management is integrated into legal regulations. The objectives are to 
reduce wood waste production, to reduce waste production, to reuse or recycle waste, and to 
eliminate waste. The method of waste elimination in Germany is through thermal processing as 
there are no landfills in Germany because burial of waste is prohibited. Wood waste 
categorisation is very important to prevent contamination and unwanted chemical reactions in 
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furnaces that may create additional dangerous substances. In order to meet the objectives of the 
ordinance, wood waste is categorised according to its contamination rate. The wood waste is 
categorised as AI, AII, AIII and AIV. Waste wood category AI is untreated wood waste. This wood 
waste is in its natural state, has only been mechanically worked and with minimal risk that it has 
been contaminated with hazardous substance during its use. Waste wood in category AII 
contains no preservatives and no halogenated organic compounds in the coating, so only includes 
bonded, coated, or painted wood waste. Waste wood category AIII is wood waste with 
halogenated organic compounds in the coating and with no wood preservatives. Waste wood 
category AIV is wood waste treated with wood preservatives and, due to its contamination, 
cannot be assigned to wood waste categories AI, AII or AIII, with the exception of waste wood 
containing PCBs. By categorising wood waste, the government expects to facilitate successful 
processes of wood waste recovery.  
UK 
Household Waste Recycling Centre (HWRC) 
The Household Waste Recycling Centre (HWRC) was established on the basis of The Household 
Waste Recycling Act 2003, which instructed local councils to develop recycling programs that 
focus on at least two types of goods. This scheme has been applied to manage bulky household 
waste in UK such as furniture. To attract the community to participate in this scheme the 
government offered incentives to households that participated in recycling. The incentives were 
vouchers to the local supermarket. The government also encouraged people to donate old 
furniture to the charity organisation to be reused or recycled.  
Shifting Old Furniture Around (SOFA) 
SOFA is a voluntary community organisation that collects old furniture from offices and then 
repairs, reuses or recycles the furniture for sale at affordable prices. The organisation is focused 
on office furniture because it contributes significantly to the volume of landfill waste. Figure 2 
depicts how the SOFA system: 

 
Figure 7. SOFA's system works 
 
SPAIN 
Managers of the wood biomass industry in Spain established the Spanish Association of 
Recovered Wood Biomass Managers (Asociación Española de Gestores de Biomasas de Madera 
Recuperadas) (ASERMA). ASERMA involves 29 wood recovering and recycling companies that are 
active in the collection, transportation and logistics, classification, and recycling of wood waste to 
produce biomass. The member companies of ASERMA provide a container in the wood 
manufacturing factory for waste deposits. Once the container is full, the ASERMA company 
retires it without costs. This type of organisation provides the integration of wood waste 
producer and the user of wood waste. Such an organisation in Victoria could help to manage, 
classify, transfer and recycle wood waste.  
 

Source: sofaproject.org.uk 
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Promote Green Design Furniture and Prolonged the Lifetime of the Furniture 
The most crucial stage in furniture production that influences the utility and functionality of 
furniture is the design phase. The furniture end product should be manufactured using green 
design principles that in the end will prolong the lifetime of the product and enable it to be easily 
disassembled so that the products are easy to reuse or refurbish. In this case, the design of the 
furniture should avoid using screws and consideration should be given to using simple joints such 
as dowel joints. There also methods presented by Besch (2005) that support the extension of the 
lifetime of furniture, such as: design for durability, maintenance and repair after sale, reuse of 
furniture parts, remanufacturing of used furniture, and leasing or renting furniture.  
 
Create New Legislations 
The main regulations dealing with waste in Victoria are the Environment Protection Act 1970 and 
Towards Zero Waste Strategy. However, these regulations do not directly address the wood 
waste management systems in Victoria. Victoria needs to establish regulations that will improve 
wood waste recovery, through initiatives such as: 
Green furniture procurements 
There should be green design technology requirements for all furniture production, especially in 
government institutions and schools as well as encouraging private individuals and business 
owners to follow the same policy.  
Wood waste classification systems 
 Victoria should develop an ordinance similar to Germany’s to manage  ood  aste 
classification so that high-value wood waste is not sent to landfill while contaminated wood 
waste is recycled.  
Wood waste collection scheme 
Similarly to Germany, Sweden, UK and Spain which have improved wood waste management, 
Victoria should also consider including wood waste collection in their focus on a waste recovery 
scheme.  
 
Develop Engineered Wood Recovery Technology 
The development of technology to recover treated timber waste is crucial in the future as there is 
less and less solid timber waste and more and more engineered wood waste. There are several 
reasons to recycle engineered wood waste, such as the environmental risk of formaldehyde and 
hard metal contamination in landfills. However, the current technology in engineered wood 
recovery is still limited, laboratory scale and high cost. However, there are several technologies 
that are available, such as Fibre Solve, Micro Release, and Thermohydrolic Processes. MDF 
recovery using the Micro Release process has demonstrated good results and the recovered fibre 
could be used in the production of MDF, insulation fibres, absorbers and Wood Plastic 
Composites (WPCs) (WRAP 2009).  
 
CONCLUSION 
Wood waste used for the production of furniture and furniture components in Victoria is mainly 
the hardwood waste. Softwood and engineered wood waste remains unrecovered. Therefore, 
the main source of wood waste for the production of recycled timber furniture is the demolition 
industry. Recycled wood companies influence the recovery of wood waste, especially from the 
construction and demolition streams. The benefits of wood waste recovery by recycling and 
reusing wood waste through furniture and furniture components are still comparatively low but 
there are opportunities to develop this potential into better outcomes in the future. The post-
production waste from the recycled furniture companies should be reused and recycled. The 
amount of wood waste sent to landfill in 2010/11 was 335,619 tonnes and the recovery rate was 
41%. There are several methods that could be implemented to increase the recovery rate of 
wood waste through furniture and furniture components, such as: establishing wood waste 
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recovery management systems that integrate the government, business and household sectors; 
encouraging manufacturers to produce furniture that is designed to maximise environmental 
sustainability and which is easy to disassemble, reuse, and recycle; developing engineered wood 
waste recovery technology; creating a legislative framework that supports the alternatives listed 
above. Research and technology development of engineered wood waste recovery systems and 
processes is very important in the future. 
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ABSTRACT 
Gravity method is one of the geophysical methods that can be used to map subsurface 
conditions. The gravity method is sensitive to physical properties such as the changes of rocks 
mass density (density contrast). Therefore, the gravity method was usually used in exploration of 
petroleum and natural gas (oil and gas) especially for basin and basement identification. The 
present of basin and its details configuration either its structures or its depth, cannot be modeled 
directly. To minimize the ambiguity of results of gravity modeling, the gravity analysis data must 
be done in advance before interpretation and modeling gravity data. First horizontal derivative 
(FHD) and second vertical derivative (SVD) are the analysis gravity data tools that can be used to 
identify both qualitatively and quantitatively of a basin. According to analysis result of gravity 
data at hydrocarbon prospect area in Banten, there is a basin which is its average depth is about 
2.5 km, the constituent structures have normal faults (graben) and the direction (around N10oE 
and N44oW) of the North-South structure which tends to follow the Sunda’s fracture pattern. The 
continuity of basement basin from North to South become more conical and shallow.  
 
Keywords: Basin, Gravity, FHD Analysis, SVD Analysis 

 
INTRODUCTION 
It has already  ell kno n that Ne ton’s gravitation formula is: 
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where G is universal gravitational constant = 6.673 x10-11 N.m2/kg2,  is rocks density, V is rocks 
volume, and r is distance from rocks to gravimeter. As the gravity value g is depend on three 

physical parameters , V, and r, the gravity anomaly g will become: 
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2    (2) 

SI units of g is generally presented in m/sec2 or in cgs units is cm/sec2 = gal. As gravity anomaly 

g is caused by both relatively small mass of rocks and relatively short distance of rocks, for 

exploration purposes the g value is usually stated in mgal units even in gal. Gravity anomaly 

g is sensitive to both parameters, changes in rocks density  (known as contrast density) and 

changes of rocks depth r. Geological structure such fault usually has both parameters. 
Indonesia has 128 sedimentary basins which have economical potential (Badan Geologi, 2009). 
Basin is an important parameter in hydrocarbon reservoir which called as structure trap of oil. Oil 
and gas that were cooked in source rocks usually migrate into and trapped within a basin. In field, 
basin that usually presented as a fold (either syncline or anticline forming) or a fault is formed by 
tectonic geodynamic activities. Basin, therefore, is a secondary geological structure that a 
sensitive object to be detected by using gravity measurement. 
However, gravity data has high enough ambiguity result. The ambiguity could be happened either 
during the data acquisition, or data processing, or data interpretation and modeling. As shown in 
equations (1) and (2), the gravity value is influenced by at least 3 parameters. The interpretation 
and forward gravity data modeling has potential ambiguity result. Different interpreter might be 
produced a different result of subsurface modeling. To minimize the ambiguity result, we have to 
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reduce the parameters to be as small as possible. Providing as many as possible the geological 
and geophysical subsurface data might be able to reduce the parameters as well as to reduce the 
ambiguity result. Gravity data analysis could also be able to reduce the ambiguity of gravity data 
modeling. In geophysics exploration, the gravity method is usually done as preliminary survey to 
provide the next geophysical surveys and to localize an anomaly subsurface body. The objective 
of this study is analyzing gravity data using both derivation methods, first horizontal and second 
vertical derivatives.    
 
METHODOLOGY 
Geological Data 
Study area is situated at farming area at southern Pandeglang, Banten Province, Indonesia. 
Geologically, this area is located in Cikarang sheet, Java. Morphology this study area is partly hilly 
and partly shaped lowland. Hilly areas are generally located in the West - Northwest area with a 
maximum height of 167 m. Whereas the lowlands are generally stretches in the South - 
Southeast up to a height of 2 m above the sea level. Basins at Banten are part of Southern West 
Java Basin (CJBS). Geological sets at CJBS should be referred to specific geological set of Java 
Island which was caused by interaction of Eurasia-Hindia Ocean plates. Geologically, Java Island is 
a historical complex of graben, folding, and volcanism since Paleogen until Neogen era. Generally, 
there are three directions of general pattern of geological structure: North East – South West 
direction called as Meratus pattern, North – South direction called as Sunda pattern, and East – 
West direction called as Java pattern (Hermawan and Rezky, 2011). Structure and stratigraphy of 
Southern West Java Basin is complicated fore-arc basin in Indonesia. Old rocks that exposed on 
the surface are late Miosen age and mostly containing oil (Satyana, 2008). 
The geology of rocks in the study area is dominantly composed by Bojongmanik Formation (Tmb), 
and a small portion of Cipacar Formation (Tpc), and very little of Honje Formation (Tmh). The 
Bojongmanik Formation spreads in the center of the study area with estimated thickness of 400 
m (Sudana and Santosa, 1992). Meanwhile the Cipacar Formation spreads only in the southeast 
region with a thickness of about 250 m. And Honje Formation spreads only in small part of the 
Northwest area with an estimated thickness of 500-600 m. 
Oil and gas are usually found in the Tertiary basins formed about 50 million years ago. Oil and gas 
is a compound of hydrogen (H) and carbon (C) with a diverse variation and usually called 
Hydrocarbons (HC). The hydrocarbon characteristics is tend to rise to the surface from the parent 
rock to the reservoir rock below the surface through structures that are usually formed due to 
tectonic activity in the area. So oil is formed, migrating and trapped in rocks of the most 
important constituent of the earth's crust.  
Most traps which are developed in West Java 
Basin are structural and stratigraphic traps. 
The traps are formed in the Miocene age, 
namely carbonate build-up during the Late 
Oligocene to Early Miocene and structural 
uplift that occurred during the Early Miocene 
to Late Miocene. Formations strongly 
suspected as a trap in this study are the 
Bojongmanik formation and Cipacar 
formation. This is supported by the rock 
content of the formations that is the 
impermeable clay as a good cap of trapping 
rocks.   
 
 
 
 

Figure 1. Model of hydrocarbon traps (Brown, 

2005) 
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Gravity Method 
In exploration geophysics, gravity method implementation is based on equatian (1) and (2) 
above. From gravity data measurements, we get a complete Bouger anomaly (CBA) after 
corrections and reductions the field data according to equation: 

TCggggg BFAobsB  
   (3) 

where gB is CBA, gobs is observation gravity value, g is reduction of latitude gravity, gFA is 
reduction of free air gravity, gB is reduction Bouger gravity, and TC is terrain correction. The CBA 
value represents rocks structures below gravitymeter from both regional and local areas, from 
deep and shallow depth of rocks. The value also refers to mean sea level of height as well as refer 
to homogeneous rocks assumption with an average density value of subsurface rocks.   
To minimize an ambiguity of gravity modeling especially to indicate a subsurface fault or some 
geological structures, we can analyze the CBA data by using first horizontal derivative (FHD) and 
second vertical derivative (SVD) methods. The FHD of gravity anomaly is horizontally gravity 
anomaly changing at certain distance. The FHD curve has sharp characteristic with maximum or 
minimum value at the body contact of rocks. So, the FHD method can be used to determine 
boundary of a geological structure (see Figure 2). Mathematically, SVD can be derived from 
Laplace equation as 
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It has solution that represents objects causes the 
SVD signals. The SVD curve is able to display two 
objects close together in the form of two 
separate curve peaks. On the other hand, the 
residual anomaly curve cannot be able displaying 
two separate curve peaks of the two bodies. So, 
SVD method has higher resolution than residual 
anomaly method. High resolution associated with 
high frequency. The SVD method can be said to 
be a high pass filter. In its implementation, SVD 
method can be used to identify the type of fault: 
normal or reverse fault (Reynolds, 1997). 
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Subsurface sedimentary basin and intrusive rocks have similar characteristics with normal fault 
and reverse fault, respectively. To identify the presence of subsurface basin can use this SVD 
method.   
 
 
 
 
  

Figure 2. Curve of FHD for tabular model 

(Blakely, 1996) 
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RESULTS AND DISCUSSION 
There is complete Bouger anomaly (CBA) map 
at study area as shown at Figure 3. The map 
resulted from 100 stations of 10x10 km

2
 area 

with contour interval 1 mgal. The CBA map 
shows the presence of high gravity area at the 
west and decline to the east. It might be 
related to high topography at the west and low 
at the east. The eastern low gravity area seems 
like a graben or a basin. Spectrum analysis is 
done along the line PP', QQ’, and RR’ to see the 
condition of the subsurface topography. It 
seems a subsurface sedimentary basin that 
northwards getting deeper and bigger (Figure 
4). 
Also by using spectrum analysis continued by 

moving average method, we have a residual 
anomaly map (see Figure 5). From six lines 
spectrum analysis of CBA data, we get the 
average depth of regional body is 3424.3m, and 
the width of window N is around 33. The N 
value used in moving average process to obtain the residual anomaly of gravity.  

 
 
 

 

 

 
 

Q
' 

R 

R' 

Figure 3. CBA map with contour interval 1 mgal. Lines 

PP’, QQ’, RR’  ith each color slicing to see the 

subsurface topography. 

Figure 4. Estimated basement topography along line PP’, QQ’ and RR’. 

Figure 5. Residual anomaly map (left) and SVD value contour map obtained through Elkins 

approaches (right)  ith the similar lines of PP’, QQ’ and RR’. 
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Between high and low gravity zone of CBA contour, there may has a fault that led to form the 
basin or graben at the west of research area. This can also be seen from dense enough contour 
lines (at Figure 3) along the green zone between the two regions (west-east area) with high 
gravity contrast.  
 
Derivative analysis was used to determine the boundary and the type of fault structures. This 
analysis is done by calculating the value of first horizontal derivative (FHD) and the second 
vertical derivative (SVD) along the lines of Bouguer anomaly map which then made the section. 
 
Both FHD and SVD analysis have been done at the same line of PP’, QQ’, and RR’ of Figure 3. The 
FHD results sho n at Figure 6 that indicates 2 faults at line PP’ and RR’, respectively and only   
clear fault at line QQ’. The faults are at about     m and 57  m of line PP’, at about 2   m of 
line QQ’, and at about 3   m and 52  m of line RR’. SVD contour map  as performed using the 
Elkins approach shown at Figure 5. The map has higher resolution compare to residual map (see 
Figure 5). Usually, higher resolution might also be more noise. However, the SVD values then 
plotted along line PP’, QQ’, and RR’ as sho n at Figure 6. All expected type of faults along line 
PP’, QQ’, and RR’ are indicated as normal faults as the maximum amplitudes are bigger value 
than the minimum amplitude. So, the estimated geological structure is a big graben and the 
anticline structure might be as it horst.   
The basin here is to be as a basement. The basement shown in Figure 5 of upper part of low 
residual anomaly zone has size area around 6x3 km

2
. According to spectrum analysis result, the 

top and bottom of basement at line PP’ is 2256. m and 2535.7m, respectively; at line QQ’ is 
2 56. m and 2358.2m, respectively; and at line RR’ is 2 97.5m and 2 97.2m, respectively.  
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The sedimentary basin of basement then is modeled by using 2-D forward modeling software 
(see Figure 7). For structural basin in the north, according to modeling results and residual 
anomaly at Figure 5, the basin is seen converging towards the south. It can be seen from the wide 
basin on the line PP' which is about 5000m then narrowed in line QQ' be 3900m and continued 

narrowing in line RR' to be 2400m. Its strike leads around N45oW and N7oE. However, in the 

southern part of the low gravity zone, its basins are widened again and tend to constantly 
Eastward. Thus, the basement can be delineated as a zone of low gravity that purple area was in 
the middle of the observation site, extending from North to South and potentially continuous 
Eastward. Estimated basement area covers almost half of the study area. 
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Figure 6. Curves of FHD (left) and SVD (right) are sho n for line PP’, QQ’, and RR’, respectively. There are 

some faults indicated there which all are normal faults. 

Figure 7. Results of 2-D for ard subsurface structure modeling along (a) line PP’, (b) line QQ’, and 

(c) line RR’.  

(a) 

(b) (c) 
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CONCLUSIONS 
From results of gravity data analysis and modeling, it can be concluded that In the study area 
contained basement basin as its top and bottom is at a depth of 2535.7m and 2256.1m, 
respectively for line PP'; at a depth of 2156.1m and 2358.2m, respectively for line QQ'; and at a 
depth of 2097.5m and 2197.2m, respectively for line RR'.  Structure forming the basement is a 
normal fault (graben) with continuity of: North to South increasingly converging to some 
boundary (wide graben for line PP', QQ' and RR' is around 5000m, 3900m, 2400m, respectively) 
and will widen again toward the South and the East of research area. North to South the more 
shallow (maximum depth at line PP', QQ' and RR' is 2535.7m, 2358.2m, and 2197.2m, 
respectively).Faults structures forming basement basins tend to have a North-South direction 
(the average slope for all trajectories are N10oE and N44oW). This is consistent with one of a 
common structure direction on the Java Island, which is a structure that has a North-South 
direction or also called as Sunda pattern. 
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ABSTRACT 
The research aims to obtain new type of semiconductor material which deliver better 
performance on transmitting electrical current. MgO-SnO2 nanocomposites were synthesized 
using simple methods of mixing and heated at calcination temperature  600 ° C, 650 ° C and 700 ° 
C. Effects of  temperature calcination were analyzed by X-ray diffraction, permittivity, resistivity 
and conductivity. XRD patterns showed that the new phase is formed Magnesium stannate 
(MgSnO3) at 2θ 38.25

o and Magnesium orthostannate (Mg2SnO4) at 2θ 26
o, 34o, 36o and 66o. 

Electrical characterization results showed that the samples at temperatur calcination  700 oC has 
the highest conductivity value 47 .32 (Ωm)-1 and has a phase MgO, SnO2, MgSnO3, and Mg2SnO4.  
 
Key words: nanocomposite, MgO, SnO2, calcination, conductivity 
 
INTRODUCTION  
Ceramic materials are used in manufacture of semiconductor electronic devices, including the 
DSSC (Dye-sensitized Solar Cell). At this time a lot of research done to replace TiO2 in DSSC 
applications such as SnO2, ZnO, CdF . SnO2 is a  n-type semiconductor with a wide bandgap  Eg 
3.54 eV (Sergey, et all, 2013). SnO2 material widely used for various applications because it is 
stable against heat treatment, and has relatively cheap in deposition cost. Electrical properties of 
SnO2 nanocrystals entirely dependent on the crystal size and surface state which were generated 
by gas absorption (Mawarni, 2006).  SnO2 is often used in the manufacture of gas sensors, 
conductive glass, photodegradation, etc. Other semiconductor materials which have a wide 
bandgap was MgO. MgO is a material that is resistant to high temperatures and melting point 
over 2800 ° C. This material is also used as an optical material, has a transparency of 0.3 to 7 lm, 
Refractive index of  .72 to   μm and Abbe number 53.58 (Calliester, 2  7). Pure crystal MgO can 
be used in infrared optics. Huang (2004) explains that the composite materials MgO and SnO2 
formed MgSnO3 amorphous at calcination temperature  400 ° C and 600 ° C and became crystals 
at 700 ° C, 750 ° C and 850 ° C. The aim of this paper is the structural and electrical properties 
investigation of the nanocomposite MgO-SnO2 with different temperature calcination. 
 
MATERIALS AND METHODS  
Reagent grade materials consisting of MgO and SnO2 (E.Merck) were used to synthesize 
nanocomposite MgO-SnO2 throught a simple methode with SnO2 : MgO  compocition 50:50 
(%wt). These samples were mixed with 96% alcohol as solvent by means of magnetic stirrer 
(Dragon LAB MS-H Pro) under constant velocity 300  rpm. Mixing process was done in 3 hours at 
temperature 50 oC and in 2 hours at temperature 100 oC until alcohol evaporated and samples 
were in paste form. It then was dried naturally until becoming dried powders. The precursor then 
calcined at variation temperature  600 ° C, 650 ° C and 700 ° C for 1 hour.  Green pellet was 
obtained by pressing the mixed powder using an isostatic die with a disc shape having diameter 
of 13 mm and thickness of ~1.5 mm. The pellet was finally sintered in air at 1100 oC for 1 h.  
Characteri ations of the samples include analyses of structure using XRD (Phillip X’Pert MPD) with 
Cu Ka X-ray radiation, and measurements of permittivity and conductivity using an electrical 
measuring apparatus (RCL-Fluke PM6306). The electrical data were further analyzed by Cole–Cole 
plot to evaluate permittivity and conductivity. 
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RESULTS  
Structure Characterization 
Structural characterization in ceramic materials such as phase and grain size of the powders is 
studied. Fig. 1 shows a phase of diffraction pattern. From the results of XRD there are several 
phases, MgO, SnO2, Mg2SnO4 and MgSnO3. MgO peaks appeared at 2θ values of 25.88o, 36o, 42o 
and 62o. SnO2 peaks at 2θ values of 27o, 33o, 37o, 52o, 55o, 58o, 64o, 66o, 71o, 81o and 83o. 
Mg2SnO4 peaks located at 2θ values of approximately 26o, 34o, 36o and 66o. While MgSnO3 peak 
at an angle 2θ around 38.25o.  
 

 
Figure 1. X-Ray Diffraction test of The SnO2-MgO nano composite at different temperature 
calcination 
 
Fig. 2 shows the spectra for different samples are precisely similar with a slight shift of the 
diffraction peak positions and modified intensity patterns. But peak shift significantly in samples 
with temperature cacination 700 oC. Peak shifted due to changes in the composition of 
compound materials.   
 

 
Figure 2. The sift and change of diffraction peak 
 
The grain size of the powders synthesized was measured using  X-Ray Diffraction data and 
determining used Scherrer formulation as follows 
               
Table 1: The mean grain size of SnO2 - MgO nanocomposite  

Temperature Calcination (
o
C) Dmean (nm) 

500 16.3447 

550 13.657 

600 20.2428 

650 19.1249 

700 10.7826 
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Table 1 shows sample at temperature calcination of 700 oC has smallest grain size, whereas   
grain size is greatest at temperature calcination of 600 oC. 
Electrical Characterization 
The following analysis will focus on the electrical properties of the samples. Results of dielectric 
constant of nanocomposite MgO-SnO2 measured at elevated frequency from 1 KHz up to 1 MHz.  
 

 
Figure 3. Dielectric Constant 
 
Fig. 3 shows the relationship between dielectric constant with frequency. Low dielectric constant 
values at sample with Tk 700 oC while the highest value of the dielectric constant is sample at  Tk 
500 oC. 
 

  
 
Figure 4. (a) Real Permittivity and (b) Imaginary Permittivity 
 
 
Fig. 4 (a) and (b) shows the real and imaginary permittivity is strongly influenced by the 
frequency. The real permittivity indicates a material's ability to store charge or electrical energy. 
Whereas imaginary states of permittivity material's ability to dissipate or releasing energy from 
the real permittivity.  
The Cole–Cole plots of dielectric constant k’–k’’ have been given in Fig. 5. It can be noted that the 
samples have two semicircles. The high frequency part having radius smaller than the low 
frequency.   
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Figure 5. Cole-cole Plot 
 
The value of the electrical conductivity of nanocomposite can be determined with the equation:  

   
 

   
 

From the results of the calculation, the value of which can be illustrated in the graph in Fig. 6 
 

 
Figure 6. Conductivity 
 
Fig. 6 shows that the highest conductivity is  the sample with  calcination temperature 700 oC and 
decrease with increasing frequency.   Samples with temperature calcination  500 ° C, 550 ° C, 600 
° C and 650 ° C have increament conductivity with increasing frequency. 
 
DISCUSSION  
XRD pattern showed the phase SnO2, MgO, and there are two new phases  Ortho Magnesium 
Stannate (Mg2SnO4) and Magnesium Stannate (MgSnO3). Mg2SnO4 phase can be observed for the 
samples calcined at 600, 650 ° C and 700 ° C. While the phase MgSnO3 appeared with calcination 
temperature of 600 ° C and 700 ° C. Magnesium Stannate phase (MgSnO3) arises due to the 
reaction MgO and SnO2 at calcination temperature 600 ° C.  
MgSnO3 phase are not stable at high temperatures. It is shown in the shift of diffraction peak at 
calcination temperature of 700 oC. This indicates a change in the phase composition and crystal 
structure at increasing calcination temperature. So that when the phase MgSnO3 got a higher 
temperature (1000 to 1200 oC) [  ], it will be decomposed into Mg2SnO4 and SnO2. This is 
according to research conducted by Huang (2004) that the phase MgSnO3 heated at 
temperatures of 900 ° C decomposed into MgO and SnO2[]. 
Complex permittivity in the electrical field E, is given by the Debye equation. Fig. 4 showed the 
Debye characteristic in the frequency range of 102Hz - 106Hz. Space charge polarization occurs at 
a frequency of 100 Hz - 104 Hz due to the space charge conduction in materials caused by the 
presence of free electrons. Space charge may affect the permittivity of the material if given 
electric field. 



 

Proceedings of International Conference on NAMES 2015 | Effect of Temperature Calcination Towards The Electrical 
Properties of Nanocomposite MgO-SnO2 

333 

 

The high frequency semicircle in the Cole–Cole plot at Fig. 5 should suggest an occurrence of 
polarization due to permanent lattice dipole. These responses indicate a space charge 
polarization. The tail at low frequencies indicate dipole distance away and the losses caused by 
the space charge in the grain. Semicircle also depend on the amount of cargo that is polarized. In 
the samples seen the two circlel and tail. It shows growing number of polarized charge  caused a 
long relaxation time. 
Conductivity was influenced by temperature (Fig. 6). Temperature calcination increase, caused 
the formation of a new phase and a small crystal size which resulting arrangement of atoms 
formed more regularly. High temperatures are given in the material is also able to eliminate the 
components of the impurities in the material thus increasing the levels of the atoms making up 
the material and increase the regularity of its structure. It also cause the electrical conductivity of 
the material increases. The amount of electrical resistance at low frequencies are usually caused 
by the conductivity of the material decreases along with decreasing temperature.  
 
CONCLUSION  
The investigation of variation temperature calcination of nanocomposite MgO-SnO2 through 
analysis covering the structure, the dielectric constant, Cole–Cole plot of permittivity and 
conductivity has been carried out. Different calcination temperature may affect the phase change 
and crystal structure of the MgO-SnO2 nanocomposite. The new phase of MgSnO3 and Mg2SnO4 
was created. The smallest grain size appeared in the temperature calcination 700 oC and its grain 
size was in amount of 10.7826 nm. Conductivity are influenced by the size of crystal.The highest 
conductivity of nanocomposite is sampled at a calcination temperature  700 oC.  
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ABSTRACT 
The objectives of this research were design and fabrication solar dryers to that heat can be 
increased, as well as optimize the temperature of the collector chamber through performance 
test tool with the experimental method. This research resulted in equipment that can optimize 
collector dryer temperature increases of about 23oC - 25oC temperature than the environment, 
and the reduction of water content in the test sample approximately 38.62% - 41.37% at 
specified intervals. 
 
Key words: dryers, solar concentrators, mirrors, collector, plate, metal, black sand 

 
INTRODUCTION 
Petroleum is still the mainstay in supporting the energy needs in Indonesia, while the energy 
source is depleting its availability. Various efforts have been made by some people to overcome 
these problems through the study of natural potential, as well as research that objected to 
harness renewable energy, one of which is the utilization of solar energy whose existence is 
always available almost all year round. 
Solar energy has the advantage among others are always available every day, never exhausted, 
available for free, if used for a technological system, the relative does not require complex 
treatment, as well as free pollutant or environment friendly (1). 
Direct utilization of solar energy can be divided into three ways, the first is the principle of direct 
exposure, for example in the drying process of foodstuffs. The second way, through the 
convection system, the heat generated by solar radiation is used to heat the liquid, then heat 
contained in the liquid is converted into electrical energy, as in the case of thermal power plants 
that utilize cold and hot seawater. The third way is photovoltaic, in this way solar energy is 
directly converted into electrical energy through solar panel system (2). 
The utilization of solar energy through direct exposure process has been a concern; the cause is 
this energy is not continuous due to natural factors. One way that these problems can be solved 
is to make the system equipment, including drying equipment which is able to maximize the 
absorption of solar radiation of heat energy. 
Firmansya research conducted in 2011, about the study of box-type cracker solar dryer- using a 
flat mirror concentrators, showed that the tools are made to increase the total efficiency of 
60.83%, compared to direct drying (3), while in 2009 Erlina do test models of rack-type drier with 
solar collectors, on Chili samples obtained that drying percentage value increased by 
approximately 7% compared to the direct drying (4). 
This research is focused on maximizing the absorption of heat in solar collectors by focusing 
income radiation using a reflector, it is objected to maximize the amount of temperature in the 
dryer to optimized drying time. Design equipment that is made is expected to have advantages 
that can solve the problems in society, such as: easy to make with the low cost, the materials 
used are widely available in the market. In general, this research aims to design and build a solar-
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powered dryer so that heat can be increased, as well as optimize the temperature of the 
collector chamber through the performance test tool. 
 
METHODS 
The method used in this research was experimental through building of the equipment, and then 
analyzed their performance. The testing process tool held in September 2014 at the Department 
of Physics, Faculty of Science and Technology of the State Islamic University of Maulana Malik 
Ibrahim Malang. Tools and materials used were a saw, hammer, ruler, cutting zinc, and other 
supporting tools. Materials used include mirrors, glass, wood (plywood), black sand, iron, metal 
plate (zinc), black paint, and Bananas as the test sample. Flow chart of this study is as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow chart of this study 

 
Reflector and Collector Fabrication In Dryer Systems 
Reflector was made from mirrors which have been designed to resemble a parabolic with two 
sections sides of the triangle with sides of 37cm x 37cm x24 cm and the second part with side of a 
square with 40cm x 40cm, each part consists of 4 pieces, the mirror is coated with a wooden 
board with equal size which the side size of the mirror. Mirrors have been coated with wooden 
boards then joined, with a slope angle 60o. 
Collector was made of rectangular wood with size of 50cm x 50cm x 35cm on the outside, while 
inside size box was 40cm x 40cm x 25cm made of metal plates painted black, and provided with 
the circulatory system air enters the collector with a size of 2 cm x 10cm  underneath. At the top 
of the collector covered with a 5 mm thick clear glass and provided with 5 holes with 2 cm of 
diameter. In this research tool was created two pieces with the same specifications. The Design 
and the tool was made can was shown as figure 2 as follows: 
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Figure 2. The Design and the tool was made 
 

Design Description: 
the mirror as a reflector and heat amplifier of radiation to be received by the collector. 
wooden board as a coating outside of the mirrors. 
iron placed with angle of 60o as a cantilever. 
wooden board as the outer coating which contains sand and metal layered in black paint that 
serve as a collector. 
the air cavity serves as the air circulation enters the collector. 

 
Data and Data Analysis Techniques 
The data generated from this study of the performance of the tools that have been made in the 
form of information outside temperature, the temperature of the collector dryers coated black 
metal plate with and without the use of black sand, and the percentage of the value of the 
change in mass of the test sample (Banana) that indicates the value of the water content as a 
result of the drying process on tools that have been made. The process of data acquired was 
done during the day starting at 1:00.pm to 2:30 pm with duration of 10 minutes. Special for 
Bananas sample test, the drying process was carried out for 4 hours starting at 10:00 am to 2:00 
pm. The data is then analyzed descriptively. 
 
RESULT 
Based on the performance test of the tool, in this study, the temperature of the collector dryers 
coated black metal plate with and without the use of black sand are as follows: 
 

 
 
Figure  3. The graph of temperature profiles (

o
C) with respect to time in the collector chamber 

The value changes in the mass of the test sample (Bananas) after being dried by the two same 
tools with and without sand for 4 hours, data obtained shown as follow: 
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Table 1. Results of mass measurements of Bananas 

Using sand Without sand 

first mass (gr) the final mass (gr) first mass l (gr) the final mass (gr) 

200 117,26 200 122,75 

Note: The final mass of Bananas dried directly + 166.30 g 
 
DISCUSSION 
The working principle of solar dryer using flat mirror concentrator and metal plate with black 
sand collector was made with the purpose of increasing solar radiation towards the concentrator 
running optimally. The use of a flat mirror as concentrator expected to increase in the intensity of 
solar radiation to the surface of the collector, so that the solar radiation absorbed by the painted 
black collector plate converted into heat energy was increased. Heat in the collector plates will 
then be spread to collector chamber, and defended by black sand so that the heat is settled 
while, and continue to grow to a certain extent. In the collector chamber heat convection occurs 
due to circulation through the bottom hole tool. 
Based on the comparison of the tool with and without black sand there is a significant difference. 
Collector dryer without using black sand increased more rapidly at room temperature. 
Temperature rise in the value obtained in the first 20 minutes without the use of sand has 
reached the maximum value is 53oC, whereas by using sand reaches a maximum value at minute 
30 with a value of 55° C. In the next activity after 1 hour in the heated both tool then move into 
the room to be measured of temperature decrease, and the results obtained by using sand that 
produced more durable, and temperature drop is slower in comparison with without using sand. 
Without sand the temperature is not last long and temperatures decrease more rapidly. In 
general, the temperature in the collector chamber is higher compared to the ambient 
temperature. 
Testing tool through the drying process of the Banana sample found that the quality of the end 
product was better, dust-free, clean, and more hygiene. In addition, the drying process or a 
decrease in water content relatively faster, in the same period the percentage of the sample 
weight decreased water content from 200gr to 117.26 gr, or approximately 41.37% for the 
utilization of sand, and 200gr to 122.75 or approximately 38.62% to the walls of the collector 
without sand, while the directly drying is done from 200 gr to  about 166.30 gr, or approximately 
16.90% in its water level decrease. 

 
CONCLUSION 
solar dryer using flat mirror concentrator and metal plate with black sand collector can increase 
temperature of about 23oC - 25oC higher than the environment temperature, and the reduction 
of water content in the sample test approximately 38.62% - 41.37% in the certain time. 
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ABSTRACT 
Chlorophyll is the green pigment found in chloroplasts together with carotene and xantofil at all 
living beings that perform photosynthesis. At all green plants, mostly chlorophyll are in two forms 
of chlorophyll a and b. Chlorophyll a is less polar blue and green, while chlorophyll b is polar 
yellow and green. Chlorophyll is green because it absorbs strongly in the red and blue regions of 
the visible light spectrum. The empirical formula of chlorophyll a was C55H72O5N4Mg, whereas 
chlorophyll b is C55H70O6N4Mg. Pigment containing a porphyrin ring tetrapirol basis. The fourth 
ring Mg2+ ions bind to the fifth ring isosiklik located close to the third pyrrole ring. Chlorophyll has 
a wavelength of absorption between 400-700 nm with color conversion is from blue to red can 
be used as a biomaterial optical photosensitizer in photodynamic therapy. The number of peak 
absorption will cause a small intensity. Maximum Absorption Test results obtained between 500-
680 nm, while the total wave at 656 cm-1 and 1638 cm-1, purity of 92.7% and > 95% 
 
Keywords: Chlorophyll, Biomaterial, Photosensitizer, Photodynamic Therapy 
 
INTRODUCTION 
Chlorophyll is the green pigment found in chloroplasts together with carotene and xantofil at all 
living beings that perform photosynthesis. At all green plants, mostly chlorophyll are in two forms 
of chlorophyll a and b. Chlorophyll a is less polar blue and green, while chlorophyll b a polar 
yellow and green. Chlorophyll is green because it absorbs strongly in the red and blue regions of 
the visible light spectrum. The empirical formula of chlorophyll a was C55H72O5N4Mg, whereas 
chlorophyll b is C55H70O6N4Mg as in Figure 1.1. (Hung et al, 2014). The pigment containing a 
porphyrin ring tetrapirol basis. The fourth ring Mg2+ ions bind to the fifth ring isosiklik located 
close to the third pyrrole ring. Chlorophyll has a wavelength of absorption between 400-700 nm. 
Chlorophyll has done a lot of exploration including chlorophyll a stable of acid process (Budiyanto 
et al, 2008), chlorophyll for the treatment of acne (Song, 2014) chlorophyll with composite 
nanosilver for bioimaging (Mitra et al, 2014), chlorophyll is used chlorophyll have a low degree of 
stability because Mg atoms can easily be replaced by hydrogen atoms so that the extraction 
process required additional substances like ZnCl2 (Ozkan and Bilek, 2015). Chlorophyll can be 
extracted with the addition of a chemical solution method diethyl ether and sodium sulphate or 
other polar chemical solvents such as ethanol with the results of chlorophyll with high purity and 
high molecular stability (Dentuto et al, 2007). 
Nowadays it is easy to get chlorophyll that are sold in the market is good for the health drink as 
well as for medical therapy, but there are many other compounds will affect the others. 
chlorophyll market is extracted from the leaves alfa alfa the existence in Indonesia is very small. 
To be used as a photosensitizer in various therapies required specific wavelength corresponding 
to the wavelength of the target. 
Photosensitizer an important part in photodynamic therapy, photosensitizer is a chemical 
compound useful for increasing the light stimulus to a tissue or cell, terms of high purity and 
chemical composition known, easy in production, High Quantum Yield, Absorption strong at 680-
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800 nm, Extinction cooficient 50,000 to 100,000 / M cm, low toxicity, Stable, Complementary 
Materials (Ormond and Freeman, 2013). The chlorophyll to prove worthy as a photosensitizer 
then there are some instrumentation that can be used as an initial analysis equipment such as 
High Performance Liquid Chromatography HPLC is a technique for liquid chromatography which 
is usually accompanied by high pressure. UV-Vis as an instrument to determine the wavelength of 
maximum absorption, as well as an FTIR instrument to megetahui cromofor or absorbing photons 
in the structure of these compounds. 
 

 
Figure 1. Chlorophyll structure a and b (Hung et al, 2014) 
 
MATERIALS AND METHOD 
Materials 
Chlorophyll X which is the market standard, aquades water. The chemicals in use are technical 
Dilution 
Dilution is done because the intensity of the absorption will change following the number of 
particles present in a solution. By doing a dilution of 1: 6 will get maximum absorption intensity 
because photons can pass through the solution with the yield obtained is 92.9796%. So, using the 
above method can be obtained optimally green dye.  
Analysis  
Using UV-Vis analysis to determine the wavelength absorption and FTIR and HPLC as an 
instrument for analysis 
 
RESULT AND DISCUSSION 
Materials 
Chlorophyll has a chromosphere which is located at the porphyrin-containing ring structure 
tetrapirol basis. The fourth ring Mg2+ ions bind to the fifth ring is osiklik located close to the third 
pyrrole ring. Chlorophyll has a wavelength of absorption between 400-700 nm. Chlorophyll sold 
in the market is composed of a variety of brands and manufacturers, to prove the absorption 
wavelength absorption testing is needed. 
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Figure 3. Materials Chlorophyll X 
 
Wavelength Absorption, wave Number and purity  Ultra Violet Visible spectrophotometry (UV-
Vis) is the measurement of light energy by a system at a particular wavelength. Ultraviolet (UV) 
having wavelengths between 200-400 nm, and visible light (visible) has a wavelength of 400-750 
nm (Pavia et al, 2009). UV-Vis spectrum is very useful for the quantitative measurement. The 
concentration of the analyte in solution can be determined by measuring the absorbance at a 
specific wavelength using Beer-Lambert law. 
Chlorophyll standards have absorption at a wavelength which is very wide ie 400-700 nm with in 
the application as a photosensitizer in photodynamic therapy for cancer cells absorption strong 
need in the 680-800 nm (Ormond and Freeman, 2013) so it needs further testing to get a long 
wave just greater than 650 nm to be used in subsequent applications. Test for chlorophyll 
content of 99.7% chromium with a show at 686 nm has a high absorption. 

 
Figure 4. Chlorophyll Standart a) (Dentuto et al, 2007), b) Chrom 99,7% 
 
From the measurement results with UV-Vis, get that in the range 500-650 nm absorption has a 
high enough intensity while the use as an effective photosensitizer is > 650 nm. Chlorophyll is a 
complex organic compound which can change structure or unstable due to changes in 
temperature, light intensity and other physical factors (Oskan and Bilek, 2015). Testing before 
done in doing the treatment will give better results. 

 
Figure 5. Absorbtion Chlorophyll at 500 – 650 nm 
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Infrared spectrophotometry is widely used for identification of a compound via functional 
groups. For the purposes of elucidation of the structure, areas with wave number 1400 - 4000 
cm

-1
 which is at the left of the IR spectrum (Sitorus, 2009), is an area that is particularly useful for 

the identification of functional groups, which is the absorption of stretching vibration. The next 
area is on the right wave number 1400 cm-1 is often very complicated because in this area occurs 
the absorption of stretching vibration and bending vibration, but any organic compound having 
absorption Characteristic in this area. Therefore this part of the spectrum is called the fingerprint 
(fingerprint region) (Pavia et al, 2009). FTIR is more sensitive and accurate for example can 
distinguish cis and trans forms, conjugated double bonds and isolated and others. 
 

  
Figure 6. Wave number Chlorphyll with FTIR 
 
FTIR test results as in Figure 6 can be seen that chromofore of chlorophyll present in wave 
numbers 656 cm-1 and 1638 cm-1, which is a double bond of the structure of the chlorophyll is an 
aromatic structure. High Performance Liquid Chromatography or HPLC is a technique for liquid 
chromatography which is usually accompanied by high pressure. Such as chromatographic 
techniques in general, HPLC seeks to separate molecules based on differences in affinity towards 
certain solids. The liquid to be separated is a liquid phase and the solid substance is a stationary 
phase (stationary) (Pavia et al, 2009).  
 

  
b) 
Figure 7. Chromatography Chlorophyll (HPLC) a) 92,7% b) >95% 
Test results by HPLC chromatography indicates that the test figures showed 92.7% and> 95% 
indicates that chlorophyll already has a high purity, while the chromium in getting 99.7%. 
 
CONCLUSION 
Chlorophyll X has a wavelength of absorption at 500-680 nm with a relative intensity minimum. 
Numbers chlorophyll wave X is at 656 cm -1 and 1638 cm-1, which is an aromatic bond 
Test chromatography figures showed 92.7% and> 95% indicates that chlorophyll has had a 
relatively high purity 
The potential application as a potential biomaterial optics with various treatments. 
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ABSTRACT 
SnO2 is semiconductor material widely used such as in transparent conducting oxide (TCOs), solar 
cell, electronic devices and sensors. MgO is a material widely used as absorber. This paper  was 
investigated optical properties  of  MgO-SnO2 nanocomposite at different heating Temperatures. 
SnO2 and MgO  nanoparticles were prepared and synthesized with simple mixing method. The  
composition mixing  ratio  of SnO2-MgO  were 1:1 (%wt) at  500oC, 550oC, 600oC, 650oC and 
700oC. It was obtained that the SnO2-MgO mixings which was heated under 650 oC having the 
highest absorbance in range of 1.467 a.u in visible spectrum and 1.656 a.u in UV spectrum. the 
lowest one was the sample heated under 600oC. It was 0.836 a.u and 0.908 in visible spectrum 
and UV spectrum, respectively The highest and the lowest absorbance were caused by the 
existence of new phase that were Mg2SnO4 and MgSnO3. It has indirect transition of optical band-
gap. The lowest gap energy was under 700 oC heating treatment and the highest band-gap 
energy was under 650 oC heating treatment 
 
Key words: energy gap, absorbance, indirect transition,nanocomposite 
 
INTRODUCTION 
The Tin Oxide (SnO2) is an n-type ceramics semiconductor having the band-gap energy 3.54 eV, 
whose properties basically depend on its microstructure and synthesis method. The wide range 
of use imposes special requirements on the material properties and thus on the synthesis 
method (Sergey S. D., et all,2013). Optical band gap value of SnO2 nanoparticlesa t a temperature 
of 550oC was approximately 4.3eV while its bulk has a value of 3.78 eV. The results were obtained 
from the calculation of the optical absorption (Naje, et al., 2013). Electrical properties of SnO2 
nanocrystals entirely dependent on the crystalsize and surface state which were generated by 
gas absorption. It was produced defects of oxygen vacancies form and band modulation [Sergey 
S. D., et all,2013 and J. Mawarni, dkk., 2006). 
High-porous polycrystalline materials having a large amount of structural defects.In this case It 
has been exploited properties of a material defects which are expected to affect the function and 
advantageous. Many research related to defects in metal oxide material have become the 
fascinating investigation namely gas sensors (J. Mawarni, dkk., 2006), solid oxide fuel cells 
(Kosacki, I., et al., 2005), thermal barrier coatings (Evans, A.G., et al.,2001), varistors (David, 
R.C.,1999), the high-Tc superconductors (Hilgenkamp, H. and J. Mannhart,2002) and Metal-Oxide 
Semiconductor Field-Effect Transistor (MOSFET) (Kukli, K., et al., 2002). 
One of the ways to increase the ceramic material properties is the addition of fine-grained oxide 
materials such as Magnesium Oxide (MgO)  which has the best defects in metal-oxide. It is often 
regarded as a model oxide systems for the purpose of both theoretical and experimental. Defects 
in MgO can improve or increase the variation of the optical properties (Stankic, S., et al.,(2006), 
Moon, H.R., J.J. Urban, and D.J. Milliron,(2009), Chizallet, C.l., et al.,(2008)). 
The aim of the paper being presented isthe  physical and optical properties investigation  of  the 
SnO2  which was added metal oxide of MgO at different heating temperature. 
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MATERIALS AND METHODS  
Study area 
The study was experimental in which its aim was to investigate optical properties of the 
semiconductor SnO2-MgO nanocomposite at different heating temperatures. The optical 
properties would be analyzed including absorbance, transmittance, refractive indexes, and 
extinction coefficient and band-gap energy. 
 
Procedure 
It was prepared five samples of SnO2:MgO with comparation 1:1 (%wt). These samples were 
mixed with 100 ml of 96% alcohol as solvent by means of magnetic stirrer (Dragon LAB MS-H Pro) 
under constant velocity 200  rpm. Mixing process was done  more or less in 2 hours at 
temperature 80 oC  until alcohol evaporated. After All sample are uniform, these were then 
heated at five different heating temperatures (500oC, 550oC, 600oC, 650oC, dan 700oC ). After that 
all sampel were dried naturally until becoming dried powders and analized its optical properties 
using UV-Vis (Genesys 10S) and Abbe refractometer. 
 
RESULTS  
It was successfully synthesized the semiconductor SnO2-MgO nanocomposite by using simple 
mixing methods. Analyzing optical properties contained absorbance, transmittance by using UV-
Vis. By using absorbance and transmittance data, analyzing optical band-gap energy can be done. 
Moreover, It was used Abbe refractometer to determine refractive index. 
 
Refractive Index 
Refractive indices determine the bending of light or the refraction when passing from a medium 
into another. The refractive indices also determine the amount of light that is reflected when 
reaching the interface as well as the critical angle for total internal reflection and Brewster's 
angle. Refractive indices of the sample of SnO2-MgO nanocomposite at five different 
temperatures were obtained as follows 
 
Table 1. Refractive indices of the semiconductor SnO2-MgO nanocomposite 

Temperature(oC) n 

500 1.649 

550 1.646 

600 1.649 

650 1.644 

700 1.642 

Based on table 1 was showed that there were no many difference of refractive indices even 
though different heating temperatures were applied. The average of refractive index was 
obtained in amount of 1, 64.  
Refractive index of the SnO2-MgO nanocomposite was relatively smaller comparing with 
refractive index of MgO and of SnO2 itself. MgO has refractive index of 1,74 (Calister,   ) and the 
deposited SnO2 has refractive index of 2.33-2.80 in range (Baco, 2011). In general the smallness 
of refractive index of  the SnO2-MgO nanocomposites shows atomic sizes or ion and electronic 
polarization going to smaller. It was generated velocity of light run faster in these samples. 
 
Optical Absorbance and Transmitance 
Fig. 1 shows the optical absorbance of the SnO2-MgO nanocomposites spectra in visible region. 
From fig. 1 and table 1. The highest absorbance was attained 1.6 a.u by sample which was heated 
under 650oC in the range wavelength of 305 nm for UV region and 1.467 a.u in the wavelength of 
400 for visible region. On the other hand sample heated under 600oC was attained the lowest 

https://en.wikipedia.org/wiki/Reflectivity
https://en.wikipedia.org/wiki/Total_internal_reflection
https://en.wikipedia.org/wiki/Brewster%27s_angle
https://en.wikipedia.org/wiki/Brewster%27s_angle
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absorbance of 0.908 a.u in the wavelength of 305 nm in UV region and 0.836 in the wavelength 
of 400 in visible region. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Plot graph of absorbance as a function of wavelength toward the SnO2-MgO nanocomposites at 
five different heating temperatures 

 
From Fig. 1 it can make a list of the maximum absorbance of the sample in a table as listed in 
table 1 as follows 
 
Table. 1  The maximum absorbance of the SnO2-MgO nanocomposites at five different heating 
temperatures 

No. Temperatur (
o
C) 

UV Visible 

A (a.u) λ (nm) A (a.u) λ (nm) 

1. 500 1.416 305 1.302 400 

2. 550 1.425 305 1.32 400 

3. 600 0.908 305 0.836 400 

4. 650 1.656 305 1.467 400 

5. 700 1.027 305 0.935 400 

 
By comparing fig. 1 and fig.2 it shows that transmitance has relation in which it is inversely 
propotional to absorbance. In the range wavelength of 200-300  transition between two band-
energy or more were occurred where it was pointed out by the oscilatting graphs. It shows the 
transmittance was bellow 40% for all sample. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Plot graph of absorbance as a function of wavelength toward the SnO2-MgO nanocomposites at 
five different heating temperatures 
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Optical Band-gap energy 
Optical band-gap energy of material can be determined by extrapolation method of the plot 
graph of the (αhv)n versus photon energy. Optical band-gap energy depends on probability indexs 
(n) whose discrete value n= ½ for indirect transition and n= 2 for direct transition.  These optical 
band-gap sketched in fig. 4 and fig. 5 for indirect and direct transition,respectively. 
 

 
 

 
 
 
 
 
 
 
 
                            (e) 
Figure 3. Plot graphs  of (αhv)

1/2
 as a function of photon energy to determine the optical gap energy of the 

SnO2 MgO nanocomposite for indirect allow transition at  heating temperatures (a) 500
o
C (b) 550

o
C (c) 

600
o
C (d) 650

o
C (e) 700 ° C      
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Indirect transitions occurs as electron cannot pass through from the lowest energy in the 
conduction band to the highest energy in the valence band without a change of momentum. In 
an indirect band gap energy photon cannot be emited but almost all momentum comes from 
phonon. From fig. 4 shows that the lowest band-gap energy for indirect was occurred when 
sample was heated under 700oC in amount of 4.39 eV. On the otherhand the highest one was 
occurred when sample was heated under 650oC in amount of 5.25oC. 
 

 
 
 

 
                 
 
 
   
 
 
 
 
 

(e)    
Figure 5. Plot graphs  of (αhv)

1/2
 as a function of photon energy to determine the optical gap energy of the 

SnO2 MgO nanocomposite for direct allow transition at  heating temperatures (a) 500
o
C (b) 550

o
C (c) 600

o
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(d) 650
o
C (e) 700 ° C 
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Direct optical band-gap occurs when electrons and holes is in the same states both in the 
conduction band and in the valence band. In this state an electron can directly emit photon. From 
fig. 5 shows that the lowest optical band gap energy for direct transition was 5.37 eV occurred 
when sample was heated under 550 

o
C.  The highest one was 5.67 eV occurred when sample was 

heated under 650 oC . 
It can be listed optical band gap both for direct and indirect transition for five different 
temperature as  table 2. 
 
Table 2. Optical Band gap energy for five different temperatures 

No. Temperature (oC) Direct Eg (eV) Indirect Eg (eV) λ (nm) 

1. 500 5.50 5.11 240 

2. 550 5.37 4.63 270 

3. 600 5.48 5.15 240 

4. 650 5.67 5.25 235 

5. 700 5.54 4.39 290 
 
 

DISCUSSION  
Refractive index of a material (n) is defined as ratio of speed of light in vacuum and speed of light 
in medium. It was written above refractive index of the semiconductor SnO2-MgO 
nanocomposite is smaller than SnO2 and MgO. It was occurred due to the smaller of atomic size 
both of SnO2 and of MgO (L.N laili and I. Rahayu, 2015). This states generated speed of light run 
faster comparing with SnO2 and MgO. 
The highest absorbance of the semiconductor SnO2-MgO was attained at heating temperature 
650oC due to new phase in this stage, Mg2SnO4 was created. On the other side the lowest one at 
600 oC was created new phase of Mg2SnO3. Moreover there was no new phase created when 
samples were heated under 500oC and 550oC. In these heating treatments, MgO and SnO2 were 
stable in its phases. In the heating temperature 700 oC, new phase Mg2SnO4 was created but the 
quantity of Mg2SnO4 is many more than the sample which heated under 650oC. (Rahayu, 2015). 
It can be concluded that the heating temperature altered internal structure of sample SnO2-MgO 
and its gave an affect to samples to absorb light. 
Basically, there are two kinds of optical band-gap transitions that can occur in a crystalline 
semiconductor. They are direct transtition and indirect transtition. Both involve electromagnetic 
waves interaction with electrons in the valence band to pass the bandgap towards the 
conduction band. From table2 was showed that indirect transtion depends on temperature 
treatment. But for direct transition ban-gap energy was not changed much. It can be said that 
The semiconductor SnO2-MgO nanocomposit has indirect transition of optical band-gap energy. 
In the heating treatment 650

o
C has the highest band-gap energy in amount of 5.25 eV and in the 

temperature 700 oC has the lowest band-gap energy in amount of 4.39 eV. The smaller the 
energy gap, the absorption process will be easier to occur and the absorbance value increases. 
Higher absorption causes higher light absorption efficiency. 
 

CONCLUSION  
The semiconductor SnO2-MgO nanocomposite was successfully synthesized. Its optical 
properties were analyzed by using UV-VIS and Abbe Refractometer. Based on data and previous 
analysis it can be concluded that Refractive index of sample was 1.64.  The highest absoption was 
occurred at 650 oC heating treatment while the lowest one was occurred at 600 oC heating 
treatment. It has indirect transition of optical band-gap energy which temperature gave the 
effects to phonon involvement. It was obtained that the highest optical band gap-energy was 
5.25 eV at temperature 650 oC and the lowest one was 4.39 eV at temperature 700 oC. 
 
 



 

Proceedings of International Conference on NAMES 2015 | Investigation on Optical Properties of The Semiconductor SnO2-
MgO Nanocomposite at Different Heating Temperatures 

349 

 

ACKNOWLEDGEMENTS  
I say thanks to Faculty of Science and Technology UIN Maulana Malik Ibrahim in supporting this 
research. 
 
REFERENCES  
Sergey S. D., et all.(2013).Characteristic Physical–Mechanical and High–Temperature Electric Properties Semicinductor 

Ceramic Based SnO2 with Addition MnO2 and CuO, Journal of Siberian Federal University. Engineering & 
Technologies 6, :650-656. 

Naje, et al. 2013. Preparation and Characterization of SnO2 Nanoparticle.  University of Baghdad Iraq. 
J. Mawarni, dkk. (2006). KarakterisasiLapisan Tipis SnO2- Sputtering DC SebagaiElemen Sensor Gas CO.JurnalSainsMateri. 

Vol8 : 1. 
Kosacki, I., et al., (2005).Nanoscale effects on the ionic conductivity in highly textured YSZ thin films.  Solid State Ionics. 

176(13-14): 1319-1326. 
Evans, A.G., et al., Mechanisms controlling the durability of thermal barrier coatings. Progress in Materials Science, 2001. 

46(5):505-553. 
David, R.C.(1999).Varistor Ceramics. Journal of the American Ceramic Society. 82(3): 485-502. 
Hilgenkamp, H. and J. Mannhart,(2002).Grain boundaries in high-Tc superconductors.  Reviews of Modern Physics, .74(2): 

485.  
Song, X., et al.( 2005), Electromagnetic, atomic structure and chemistry changes induced by Ca-doping of low-angle 

YBa2Cu3O7-[delta] grain boundaries.  Nat Mater. 4(6): 470-475. 
Kukli, K., et al.( 2002), Properties of hafnium oxide films grown by atomic layer deposition from hafnium tetraiodide and 

oxygen.  Journal of Applied Physics, 92(10): 5698-5703. 
Stankic, S., et al.,( 2006)Optical Surface Properties and Morphology of MgO and CaONanocrystals. Journal of Physical 

Chemistry B, :13866-13871. 
Moon, H.R., J.J. Urban, and D.J. Milliron,(2009)Size-Controlled Synthesis and Optical Properties of Monodisperse Colloidal 

Magnesium Oxide Nanocrystals. Communications :6278-6281. 
Chizallet, C.l., et al.,(2008) Assignment of Photoluminescence Spectra of MgO Powders: TD-DFT Cluster Calculations 

Combined to Experiments. Part I: Structure Effects on Dehydroxylated Surfaces. The Journal of Physical Chemistry 
C,.112(42): 16629-16637. 

Blick, K., et al., Methane oxidation using Au/MgO catalysts. Catalysis Letters, 1998. 50(3): 211-218. 
Liang, S.H.C. and I.D. Gay, A 13C solid-state NMR study of the chemisorptions and decomposition of ethanol on MgO. 

Journal of Catalysis, 1986. 101(2): p.293-300. 
Margitfalvi, J.L., et al., Au/MgO catalysts modified with ascorbic acid for low temperature CO oxidation. Catalysis Today, 

2002. 72(1-2):157-169. 
Tsuji, H., et al.,(1994) Self-Condensation of n-Butyraldehyde over Solid Basen Catalysts. Journal of Catalysis. 148(2): 759-

770. 
Mitoff, S.P., (1959) Electrical Conductivity of Single Crystals of MgO. The Journal of Chemical Physics. 31(5): p. 1261-1269. 
Mitoff, S.P., (1962)Electronic and Ionic Conductivity in Single Crystals of MgO. The Journal of Chemical Physics. 36(5): 

1383-1389. 
Sawamoto, E.Y.a.K.,( 1955 )Electrical Conductivity and Thermo-electric Motive Force in MgO Single Crystal. Journal of the 

Physical Society of Japan10(3): 176-179. 
Paulo R. Bueno, Jose A. Varela, Elson Longo (2008). Journal of the European Ceramic Society 28: 505-529 
Ela J.A., Cerri J.A., Leite E.R. and all. (1999)  Ceramics International 25:  253-256. 

  



WANet al. –Running title is about five words 

Proceedings of International Conference on NAMES 2015 | Physical Analysis of Biofilter Cigarette Smoke Made Olive Leaves 
to Catch Free Radicals (The Effort Improve the Quality of Cigarette Smoke) 

350 

 

Physical Analysis of Biofilter Cigarette Smoke Made Olive 
Leaves to Catch Free Radicals (The Effort Improve the Quality 
of Cigarette Smoke) 
 

Agus Mulyono 1*, Essy Farihatin 2**  
 
1Department of Physic, Faculty of Science and Tecnology,UIN Maulana Malik Ibrahim 
Malang*email: : gusmul_75a@yahoo.co.id 
2Program of Biophysic, Department of Physic, Faculty of Science and Tecnology,UIN Maulana 
Malik Ibrahim Malang 
 
ABSTRACT  
Free radicals from cigarette smoke is part dangerous must be founded way to block his .The 
purpose of this research is make desalination biofilter composite the olive leaves to ward off / 
catch free radicals cigarette smoke .Membrane biofilter is made with the the olive leaves in 
addition to with polyethylene glycol and or white of egg as amplifier or matrik .Biofilter made 
with variation means drying and variation of measure the olive leaves . Membrane biofilter then 
tested density and porosity use SEM. The membrane biofilter used for filtering cigarette smoke 
.Cigarette smoke that passes biofilter then analyzed the free radicals using ESR. The result 
showed biofilter from the olive leaves able to absorb some kind of alleged free radicals on 
cigarette smoke. Biofilter from the olive leaf dried with sunlight more effective catch free radicals 
compared with the olive leaves drained by an oven absolute 400C and 500C .Biofilter with size of 
olive leaves 200 mesh also much more effective catch free radicals than 120 mesh size and 80 
mesh. 
 
Key words: biofilter, cigarette smoke, olive leaves 
 
INTRODUCTION  
Phenomena cigarette issues in recent years this is being warm to talk about, even cigarette has 
become part of political issue, social, culture, health, and even the relationship between 
countries in the world.Many factors interests had played a role made issues cigarette cause 
controversial or kontestasi who never finished. 
Smoking is a tradition hereditary for the majority of the people in indonesia and in developing 
countries other .Smoking habit of an indonesian society conducted in a place open proven able to 
give an impulse interest someone who does not smoke or not smoke to try bliss a cigarette. Even 
now , smoking is considered as an instrumentality penyambung in intercourse .Smoking habit 
while chat with friend , brother or family is as if being a tradition some community members 
difficult left ( armstrong , 1991 ) 
Basically the use of natural material is highly dependent on human knowledge on old order itself. 
Its use as a remedy or a poison is highly dependent on the depth of komprehensivitas the 
knowledge which was.  
Cigarette smoke inhaled a smoker , containing components gas and particles .Components gas 
potential to inflict free radicals , who are consisting of carbon monoxide , carbon dioxide , an 
oxide of nitrogen and hydrocarbon compound. While components particles some of them 
consisting of tar , nicotine , benzopiren , phenol and cadmium ( zavos dkk , 1998 ). 
Free radicals are molecules that have of atoms with electron that is not in pairs. Free radicals 
unstable and very reactive , so as to break all type macromolecules cellular including 
carbohydrates , protein , lipid and nucleic acid ( langseth , 1995 ). Damage caused by free radicals 
this is that causes the emergence of several diseases in nature chronic , maksundnya it takes time 
years to understand by patients and disease have severe. 
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Cigarette the most dangerous is free radical content.The results of the study dr.Gretha and 
prof.Sutiman about the divine as also concludes that cigarette potentially as the cause of cancer 
as well have the potential as a after using a filter specifically ( filters with additional scavenger ). 
An active role scavenger in the divine as transform cigarette smoke containing the dangerous and 
free radical is harmless to health ( zahar and sumitro, 2011 ) 
Antioxidant needed to warding off harm free radical , namely subtansi required the body to 
neutralize free radical and prevent damage inflicted by radical free in normal cells. Antioxidant 
this will stabilize free radicals by means of furnish an electron that is on the free radical as well as 
hinder the occurrence of a chain reaction of the formation of free radicals which could result in 
oxidative stress. Basically the human body generates natural antioxidant but the number is not in 
itself be sufficient to neutralize free radical who enters into the body. 
Antioxidant can we get from food we consumption , like vegetable and fruits , especially fruits 
and vegetables brightly colored for getting brighter color fruits and vegetables , so indicates the 
more levels antioxidant that conceived in fruits and vegetables. For example a green color to 
convolvulus and spinach .Green color indicates the womb chlorophyll that might improve the 
ability of body to fend off free radicals. So are olive leaves , olive leaves compound containing 
antioxidant that could help to drive down various the risks of chronic , such as cancer. 
Olive leaves also compound containing beneficial called oleuropein .Research on oleuropein has 
been done since 1900s .The results of the study states that oleuropein is useful to fighting an 
infection internal .Oleuropein having anti-viral activity , antibacterial and anti-fungial .They 
consume olive leaves believed to increase thermogenin which is very useful in burn fat effectively 
.In addition research in milan states that oleuropein content in olive leaves also is as antioxidant 
natural very patent .Where olive leaves could hinder the process of oxidizing lipids in the body 
and also may lower the risk of cardiovascular illness .Even in a study mentioned that antioxidant 
content in olive leaves higher than green tea who have been known as a source of an oxidant 
excellent for the body. 
Because efficacy and the useful of a plant olive , we need to investigation to make use of plants 
olive as a making biofilter to catch free radicals cigarette smoke. 
 
MATERIALS AND METHODS  
Steps research as in the figure below 
Making Biofilter 
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RESULTS  
Classifications free radical cigarette smoke can be seen with calculation of the value of g on 
factors electron spin resonance (ESR ) .The results of esr on clove cigarette filter non aimed at the 
table below: 
 
Table 1. A kind of free radical found in cigarette smoke without a filter of clove 

Treatment A kind of free radicals found 

Clove cigarette without a filter  

Hidroperoxida 

CO2
- 

C 

Peroxy 

O2
- 

CuOx 

CuGeO3 

 
Table 2. The results of testing free radicals biofilter the olive leaves and peg by drying the heat of 
the sun 

Size 
(Mesh) 

The masses 
of olive 

A kind of free radicals 

Repetition 
1 

Repetition 
2 

Repetition 
3 

200 0.4 CuOx CuOx CuOx 

0.5 CuOx CuOx CuOx 

0.6 CuOx CuOx CuOx 

0.7 CuOx CuOx CuOx 

120 0.4 CuOx CuOx CuOx 

0.5 CuOx CuOx CuOx 

0.6 CuOx CuOx CuOx 

0.7 CuOx CuOx CuOx 

80 0.4 CuOx CuOx CuOx 

0.5 CuOx CuOx CuOx 

0.6 CuOx CuOx CuOx 

0.7 CuOx CuOx CuOx 
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Table 3. The results of testing free radicals biofilter the olive leaves and peg by drying the heat 
500 C 

Size 
(Mesh) 

The masses 
of olive 

A kind of free radicals 

Repetition 
1 

Repetition 
2 

Repetition 
3 

200 0.4 O₂⁻, CuOx O₂⁻, CuOx O₂⁻, CuOx 

0.5 O₂⁻, CuOx O₂⁻, CuOx O₂⁻, CuOx 

0.6 O₂⁻, CuOx O₂⁻, CuOx O₂⁻, CuOx 

0.7 O₂⁻, CuOx O₂⁻, CuOx O₂⁻, CuOx 

120 0.4 CuOx O₂⁻, CuOx O₂⁻, CuOx 

0.5 CuOx CuOx O₂⁻, CuOx 

0.6 O₂⁻, CuOx CuOx CuOx 

0.7 CuOx O₂⁻, CuOx O₂⁻, CuOx 

80 0.4 CuOx O₂⁻, CuOx CuOx 

0.5 O₂⁻, CuOx O₂⁻, CuOx O₂⁻, CuOx 

0.6 O₂⁻, CuOx O₂⁻, CuOx O₂⁻, CuOx 

0.7 O₂⁻, CuOx O₂⁻, CuOx O₂⁻, CuOx 

 
Data Characterization Biofilter       
The result of a photograph shem with enlargement 1000x indicated as follows: 

  
Figure 1. The results of a photograph SEM biofilter the olive leaves ( variation mass 0.5 gr ) and 
PEG that is the heat of the sun and sifted with size 200 mesh 
 
Table 4. Density in biofilter the olive leaves and PEG as a matrix with drying the heat of the sun 

Size (Mesh) Biofilter m (g) v (cm3) ρ (g/cm3) 

200 

0.4 0.74 0.62 1.201 

0.5 0.86 0.73 1.175 

0.6 0.54 0.62 0.876 

0.7 0.48 0.50 0.959 

120 

0.4 0.63 0.50 1.259 

0.5 0.43 0.50 0.859 

0.6 0.52 0.54 0.965 

0.7 0.58 0.54 1.076 

80 

0.4 0.6 0.70 0.853 

0.5 0.57 0.42 1.346 

0.6 0.49 0.58 0.848 

0.7 0.52 0.62 0.844 
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Table 5. Density in biofilter the olive leaves and PEG as a matrix by drying the heat 500 C 

Ukuran Mesh Biofilter m (g) v (cm3) ρ (g/cm3) 

200 

0.4 0.70 0.50 1.398 

0.5 0.60 0.77 0.779 

0.6 0.52 0.58 0.900 

0.7 0.39 0.54 0.723 

120 

0.4 0.73 0.62 1.185 

0.5 0.67 0.62 1.088 

0.6 0.56 0.35 1.616 

0.7 0.53 0.58 0.918 

80 

0.4 0.66 0.69 0.952 

0.5 0.56 0.62 0.909 

0.6 0.53 0.54 0.983 

0.7 0.54 0.58 0.935 

 
Table 6. Porocity in biofilter the olive leaves and PEG as a matrix by drying the heat 500 C 

Ukuran 
Mesh 

Biofilter 
Massa Kering 
(g) 

Massa Basah (g) Volume 
(ml) 

Porositas (%) 

200 

0.4 0.70 0.87 0.50 34.00 

0.5 0.60 0.94 0.77 44.15 

0.6 0.52 0.97 0.58 77.59 

0.7 0.39 0.92 0.54 98.15 

120 

0.4 0.73 0.61 0.62 19.35 

0.5 0.67 1.07 0.62 64.52 

0.6 0.56 0.97 0.35 117.14 

0.7 0.53 0.99 0.58 79.31 

80 

0.4 0.66 1.08 0.69 60.87 

0.5 0.56 0.88 0.62 51.61 

0.6 0.53 1.00 0.54 87.04 

0.7 0.54 1.02 0.58 82.76 

 
DISCUSSION  
In testing radical free of smoke cigarettes as showed the presence of 7 ( seven ) alleged kind of 
radical free of smoke a cigarette that is capable of being detected by ESR, namely 
Hidroperoksida, Co2-, C, Peroxy, O2-, CuOx ,CuGeO3 .While cigarettes as already an biofilter show 
biofilter capable of absorbing several species of free radicals in smoke cigarettes as. 
 
Olive leaves capable of absorbing radical free of smoke cigarettes as because content oleuropein 
compound, the compound is antibacterial, an antifungal, antiviral, and useful against various 
kinds of infection internal. Compound oleuropein can also increase production thermogenin the 
compound that serves burn fats in the body effectively. Compound oleuropein could also help 
lowering blood pressure. This compound is antioxidant potent can inhibits oxidation lipids in the 
blood, and prevent cardiovascular disease. 
 
On biofilter of olive leaves and PEG drained by a solar thermal with the size of 200 mesh and 
variation mass 0.5 gr shows average the size of 4085 nm. 
 
The results of characterization by using EDX (Energy Dispersive X-ray spectroscopy) on biofilter 
this also shows that in the surface biofilter there is a metallic element, carbon, and oxygen . 
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CONCLUSION 
Biofilter from the olive leaves able to absorb some kind of free radicals. Means drying olive leaves 
affect physical properties biofilter and their ability absorb free radicals Size of olive leaves also 
influences physical properties and the ability to absorb free radicals 
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ABSTRACT 
Some physical parameters of pond water that support fish farming need to be monitored, such as 
temperature and pH of pond water. Monitoring system of temperature and pH of pond water 
freshwater fish farming based on android is designed to be able to monitor the temperature and 
pH of pool water. The temperature and pH measured by sensors that consist DS18b20 and pH 
BTA. This prototype is able to measure the pH of pond water of acidity from 4 to 10, while the 
pond water temperature can be measured at a temperature of -100 to 850C. Utilization of this 
prototype on fish farmers are expected to support fish farming to inform the measurement 
parameters of quality water in fish pond. Result of measurement displayed on the smartphone 
using bluetooth communication by  interface module 1Sheeld. 
 
Key words: 1sheeld, android, fish farming, temperature, pH  
 
INTRODUCTION 
Fish farming is increasingly considered as an integral component in the search for global world 
food security and economic development. Indonesian society more and more cultivate fish both 
for local consumption and export, it can be seen from the volume of aquaculture production in 
2013 increased 37,4% compared with 2012 or 13,3 million tonnes compared with 9,7 million 
tonnes the previous year, the trend of fishery production has increased since 2003. (Pusat Data 
Statistik dan Informasi, 2014). This increase is due to good water quality in fish farming. On 
freshwater fish farming, the parameters measurement of water quality include the concentration 
of inorganic and organic compound, pH, temperature, conductivity, and dissolve oxygen 
(Letterman, 1999). (Sutrisno, 2007). 
Some research to monitor the water quality in fish pond without water sampling has been done 
that using wireless media for monitoring. Juan et al (2012) work to design of a wireless water 
environment monitoring system based on ZigBee in aquaculture, Liu et al (2013) work to design 
of Monitoring System Based on Android Platform and GPRS. Simbeye and Yang (2014) work to 
develop water quality monitoring and control for aquaculture based on wireless sensor networks.  
And Mourya et al (2015) work to develop water quality sensing with sensors and mobile 
smartphone in his thesis. The parameters that measured are pH, temperature, conductivity, 
dissolved oxygen in water. But this instrument is fair for the complex fish farming. 
Fish farming in Indonesia usually owned yeoman or group of farmers so instrument that suitable 
to be applied is  measurement for water quality are temperature and pH. So the low cost 
instrument to measure two parameters on-site immediately without water sampling must 
developed. This instrument use two kind of sensor. first DS18b20, programmable resolution 1-
Wire digital thermometer and has an operating temperature accurate 0,5 °C over the range -10°C 
to +85°C (Dallas, 2013). The second is pH BTA, it typically used to study of household acids and 
bases, acid-base titrations, monitoring pH change during chemical reactions or in an aquarium as 
a result of photosynthesis, investigations of acid rain and buffering, and investigations of water 
quality in streams and lakes (Vernier, 2010).   
The brain device to read the output sensors is module microcontroller arduino uno, it has 
ATmega328, 14 digital input/output pins, 6 analog inputs, a 16 MHz quartz crystal, a USB 
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connection, a power jack, an ICSP header and a reset button (Arduino, 2015). Then to display 
value of sensors using module LCD 2x16 and to communicate with smartphone android used the 
1Sheeld. 1Sheeld consists of two parts. The first part is a shield that is physically connected to 
Arduino board and acts as a wireless middle-man, piping data between Arduino and any Android 
smartphone via bluetooth. The second part is a software platform and app on Android 
smartphones that manages the communication between the shield and the smartphone 
(1Sheeld, 2015). 
Therefore the general research goal is to develop system monitoring of temperature and pH 
water fish pond on the fish farming based on android that will enable a user to make rapid 
measurements of temperature and pH water quality parameters on-site immediately without 
water sampling. 
 
MATERIALS AND METHODS 
Steps to prepare the system monitoring of temperature and pH water pond on the fish farming 
based on android can be shown on Figure 8. Steps of manufacture of the system is done in the 
Laboratory Instrumentation of Physics on Faculty of Mathematics and Natural Sciences, 
Universitas Lambung Mangkurat, then the other step is done in one of the farmer fish ponds on 
Banjarbaru, South Kalimantan. 
Preparation tools and materials 
Tools and materials that used are electronics equipment, multimeter, personal computer, power 
supply, microcontroller module arduino uno, 1Sheeld module, temperature sensor DS18b20, 
sensor pH-BTA, pH buffer solution, LCD 16x2 module, smartphone android, PVC pipe, arduino 
IDE, several of cables. 

 
Figure 8. The steps to prepare the system monitoring. 

 
Procedures 
Design monitoring system based android 
Design of the system can be shown on Figure 9. The figure shown that the total of temperature 
sensor DS18b20 is 2, the functions of them are to measure temperature water fish pond  on 
surface and the half from base depth of the fish pond. 

           
Figure 9. The design of the system monitoring.                                                                          
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Fabrication module electronics and mechanics 
The module electronics consist of module sensors, module 1Sheeld, module LCD 2x16 and power 
supply. The power supply using battery that used on fish pond but on the laboratory used circuit 
of power supply that assembly definitely for module electronics, this device shown on Figure 10. 
Module 1Sheeld use to connect with smartphone android, the hardware of this module shown 
on Figure 11. The interface of module LCD 2x16 with module microcontroller arduino uno is 
configuration 4 bit. All the modules electronics are assembled and laid on the box. 
Module mechanics that used is shaped probe. The probe use to protect sensor from direct 
contact with water that causes short electric circuit, therefore it fabricated from PVC pipe where 
the first sensor temperature of surface water is laid on top and on this position sensor pH BTA is 
laid too, the second sensor temperature is laid 1 m from the first sensor. This configuration is 
determined from the depth of fish pond condition on Banjarbaru. The probe shown on Figure 12. 

    
Figure 10. The power supply on 
Laboratory. 

 
Figure 11. The module 1Sheeld connected 
with module microcontroller arduino uno 

    
Figure 12. The probe as 
module mechanics. 

Integration of electronics and mechanics module 
This process is done to integrate the modules electronics and mechanics that shaped the probe. 
Both of them coupled with UTP (unshielded twisted pair) cable with 4 m length.  
Manufacture of system software 
The algorithm that programmed with arduino ide to the microcontroller is shown on Figure 13. 
Microcontroller read data from probe that consist of three sensors, then display the value of 
sensors that read the water fish pond condition at LCD 2x16 module, then send it to smartphone 
with 1Sheeld module. 
Characterization of sensors 
This process done only at sensor pH BTA because the output of sensor is electric potential that 
proportional with pH of solution, so it need the mathematical model from characterization 
process of sensor pH BTA that come from relation between the values of pH and electric 
potential output from pH BTA. For sensor DS18b20 no need mathematical model from 
characterization because the output is digital and proportional with temperature therefore the 
mathematical model for this sensor already determined from its factory. The result of 
mathematical model are included on algorithm to compute the value of pH, as well as for sensors 
DS18B20. 
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Figure 13. The algoritm the system monitoring. 

 
 
 
 

 
Figure 14. 1Sheeld software for 
LCD Shield 

 
Prepare 1Sheeld software on android smartphone 
1Sheeld installed on the smartphone shown on Figure 14 after downloaded it from google play 
store, later use LCD Shield to display data from 1Sheeld. This LCD shield can replace module 
physical LCD 2x16. 
Testing the system monitoring in fish pond 
The test system monitoring in fish pond is compare the output condition of water in fish pond on 
the LCD 2x16 and LCD Shield on the smartphone android. 
Data analysis 
Data from characterization of sensor pH BTA and testing system monitoring in fish pond will be 
analyzed furthermore. 
 
RESULTS 
Development system monitoring of temperature and pH water fish pond on the fish farming 
based on android divided into 3 steps. First is development hardware system that consist of 
fabrication module electronics and mechanics, integration of electronics and mechanics module,  
manufacture of system software and prepare 1Sheeld software on android smartphone. Second 
is characterization of sensors and the last is testing system monitoring in fish pond. 
Result-1 
Figure 8 shown the output of system monitoring on LCD and the display LCD Shield. The 
connection between smartphone and android is presented with bluetooth with the interface 
module 1Sheeld that dedicated working just for 1Sheeld software. The value of pH and 
temperature on both display shown identical, so this indicate that the system work well. 
Result-2 
The characterization of sensors pH BTA shown on Figure 8, the result is mathematical model of 
relation of output sensor pH BTA with value pH of water solution from 4 to 10. The model comes 
from regression linear computation data, it is y = -3,90x + 1,35, where x is output of the pH BTA 
and y is value of pH that computed. The Figure 9 shows the confidence level of linear relation is 
99%. This mathematics model included on the system software to display pH value water in fish 
pond that measured. 
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Figure 15. Display LCD on system monitoring. 

 
Figure 16. The characterization of sensors pH BTA. 

Result-3 
The test of system monitoring shown on Figure 17. The system monitoring read temperature and 
pH water fish pond from the sensors. Data from sensors temperature and pH BTA displayed on 
module LCD 2x16 and sent to smartphone android with 1Sheeld interface. 
 

 
Figure 17. The test figure. 

        
Figure 18. The test result of system monitoring. 

The test result that shown on Figure 11, where Ti is temperature in the base fish pond, To is 
temperature on water surface. it show no difference value from LCD 2x16 and LCD Shield for Ti, 
To and pH. 
 
DISCUSSION 
Utilization of this prototype on fish farmers are expected to support fish farming to inform 
quality water on fish pond that enable a user to make rapid measurements of temperature and 
pH on-site immediately without water sampling. It is envisaged from the results measurement 
that water in fish pond can be treated for further usage for the effort to maximize the results of 
fish farming 
 

CONCLUSION 
The system monitoring of temperature and pH water fish pond on the fish farming based on 
android work well, indicated from the identical value of pH and temperature on both display, 
module LCD 2x16 and LCD-Shield on smartphone android. This system is able to measure the pH 
of pond water of acidity from 4 to 10. the water fish pond temperature can be measured at a 
temperature of -100 to 850C. and no difference value from LCD 2x16 and LCD Shield for 
temperature in the base fish pond, temperature on water surface and pH water on fish pond .  
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ABSTRACT 
The health of children is the most valuable thing for parents. Lack of information about the child's 
illness makes parents difficult to predict the illness of children, especially for new parents who 
have children. Ease of access to the android based mobile phone allows researchers to develop 
soft are application to diagnose children’s disease using expert system. The conclusion deciding 
in this expert system is done using forward chaining method. Forward chaining method starts 
from a set of symptoms that are moving forward and look for rules that match for the 
conclusions of the analysis results and determine the type of disease that affects children.  The 
difference with the previous system is this application was developed in android mobile 
application. It will facilitate on ease of use, user friendly in its use and has a simple look. The 
system was developed using android application studio with JAVA programming language and 
XML. 
 
Key words: expert system; for ard chaining; android application; children’s disease; mobile 
application. 

 
INTRODUCTION  
Utilization of expert systems in the health is used for consultation, analysis and diagnosis as well 
as help make decisions. One expert system implementation in the health sector is to diagnose 
the disease in children especially. Children who grow up strong and healthy is the desire of every 
parent in each family. However, in certain circumstances children are likely vulnerable to have 
various diseases because of the weakness of the immune system. It suppose can cause fear  for 
parents that their children get illness.  
Expert system is a system that is trying to adopt human knowledge into computers designed to 
solve problems like an expert. By the time the user runs the computer to obtain information, 
expert system asks the facts and reasoning /inference and come to a conclusion. Then, expert 
systems provide an explanation or provide conclusions on the results of the consultation has 
been done before. Basically the expert system applied to support problem solving activities. 
Some activities solution are as decision-making, knowledge fusing, designing, planning, 
forecasting, regulating, controlling, diagnosing, formulation prescribing, explaining description, 
provision of advice and training (Turban, 2005). 
To diagnose the disease, it is important to know the symptoms. Although it can be seen from 
clinical symptoms (symptoms are visible directly or felt by the patient), the doctor can take a 
conclusion for the illness. But sometimes, it is required further examination through laboratory 
testing for certain diseases. There are several diseases that commonly occur in under five 
children based on research Purnamawati. Those several diseases that can be diagnosed clinically 
are diarrhea, respiratory infection and skin diseases (Purnamawati, 2007). 
Examples of the application of the children disease diagnosis by using web-based or desktop-
based application. The application lacks  of the flexibility to access because they have to use the 
PC for operating these systems (Dhany, 2009, Fadhilah et al, 2011, Fadhilah, et, al, 2012). Another 
way of experimenting the subject is addressed in this paper. We proposed to discuss the 
development of Android-based applications for the diagnosis of childhood diseases using expert 
system. Forward chaining is used for the method of the developed system. By using this 
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application is expected that parents can make early diagnosis based on symptoms that occur in 
children using android based smartphone. In an emergency, parents can overcome temporary 
basis to reduce risk and being continued to get further treatment from medical personnel. Based 
on the another research,  children’s diseases that can be detected trough this proposed 
application are wormy, diarrhea, sniffs, vomit, obesity, constipation and thypus. 
 
METHODS 
Analysis System  
This paper described a design method using data-oriented approach structured called Sequential 
Linear Model. The process model is often referred to as Waterfall which suggests a systematic 
and sequential approach in software development, starting at the system level and move forward 
start phase system engineering, analysis, design, coding, testing, maintance (Pressman, 2005). 
The diagram is shown in figure 1.  
Based on an expert system, facts and knowledge related to the many symptoms of the child will 
be used in making a conclusion. Facts and knowledge are obtained from many resources, such as 
interview with the doctor, books, journals and many trusted sources. Facts and knowledge which 
is gained, will be translated by the developer into a knowledge base and will be stored in an 
expert system that has been creating. To determine the child’s disease, it is proposed to use the 
method of decision tree and combined with forward-chaining method. Forward chaining is an 
expert system method by that started to trace a collection of trusted data or facts towards to the 
final conclusion. The main advantage is this method would be working well when the problem 
stems from collecting information and continuing to draw conclusions from that information. In 
addition, this method provides a lot of information from only a small amount of data. This 
method has a scarcity that there is no way to recognize some of facts are more important than 
other facts (Iswanti, 2008). 
The decision tree diagram is a design that is used to build an expert system. With a decision tree 
diagram will make it easier to draw up a knowledge base and rules and determine the certainty 
factor of each search the diagnosis of diseases such as in Figure 2 and a decision tree to disease 
index (P = Penyakit) and symptoms (G = Gejala) contained in table 1 and table 2. Right line 
indicates when the user selects the option "YA" on the application and left line indicates when 
the user selects the option "TIDAK" on the application. 
 

 
Figure 1. Waterfall method (Pressman) 
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Figure 2. Decision Tree 
 
Table 1. Name of Children’s disease 
 

 
 
 
 
 

 
 
 
 
 
 

 
Table 2. Example of Symptoms 

 
 
 
 
 
 
 
 
 
 

Rules are written in the form of IF [symptoms] = [option] AND [symptoms] = [option] THEN 
[results] which are the symptoms of the disease suffered by patient (child). Choice is a response 
to the user bet een ‘YA’ or ‘TIDAK’, and the result is the result based on  diagnosis of 
patient’symptoms. AND is an connecting operator when symptoms faced by patients with the 
final results of the diagnosis has not been found to connect the existing knowledge base. Rules 
are based on forward chaining method. The establishment of rules with forward chaining method 
and tree diagrams can be seen in Table 3 
 
 
 
 

Code of Disease Name of Disease 

P1 Tipes 

P2 Cacingan 

P3 Diabetes 

P4 Diare 

P5 Muntaber 

P6 Obesitas 

P7 Pilek 

P8 Sakit gigi 

P9 Sembelit 

P10 Penyakit tidak ditemukan 

Code of Symptoms Symptoms 

G1 Ruam berupa bintik – bintik merah muda kecil 

G2 Demam 

G3 Lidah terasa pahit 

G4 Sesak nafas 

G5 Berat badan menurun 
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Table 3. List of Rules 

Code of Rules Rules 

R1 IF G1 = IYA AND G2 = IYA AND G3 = IYA AND G17 = IYA THEN P1 

R2 IF G5 = IYA AND G6 = IYA AND G7 = IYA AND G8 = IYA AND G9 = IYA 
THEN P2 

R3 IF G10 = IYA AND G11  = IYA AND G12 = IYA AND G13 = IYA THEN P3 

R4 IF G14 = IYA AND G15 = IYA AND G16 = IYA AND G17 = IYA AND G18 = 
IYA AND G19 = IYA THEN P5 

R5 IF G20 = IYA AND G4 = IYA AND G21 = IYA AND G22 = IYA AND G23 = IYA 
AND G24 = IYA THEN P6 

 
Design System 
This application was developed using a hierarchical navigation structure. This structure are 
branched rely on branching on data display or images with specific criteria. The main display is 
called the master page and has many several branches called supporting pages and if user 
selected the pagem it will change to the main page into the second page and so on. Navigation 
structure of this system can be seen on figure 3. 

 
Figure 3. Navigation Structure of The Application 

 
To describe on the functional requirements of this system, it has been developed an use case 
diagram. This diagram describes activities of actors on the system. Figure 4 shows an use case 
diagram. Table definition which explains the actor and the use case in more details can be seen in 
Table 4. 
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Figure 4. Use Case  
 
Diagram of System 
Table 4. Definition of Actor on Use Case Diagram 

No Actor Description 

1 User  Users can perform diagnosis by selecting the symptoms of the 
disease which are perceived in children displayed on mobile 
phone display 

2 Memilih gejala 
 

Use case "Memilih Gejala" is a use case that is made by the 
user when choosing the perceived symptoms in children 

4 Hasil diagnosa 
 

Use case "Diagnosis" is performed by the application to 
display the results of the diagnosis based on symptoms that 
have been previously selected by the user. 

5 Anjuran obat 
 

Use case “Anjuran Obat” is performed by the user for 
choosing based on instigation traditional medicine based on 
existing data.  

6 Data obat 
 

Use case “Data Obat” is performed by the application to sho  
the traditional herbs for curing the disease.  

7 Melihat informasi 
penyakit 

Used case “Melihat Informasi Obat” is performed by the user 
to see the disease explanation in more details.  

 

To give illustration of the system staticly and the relationships among them, analysis of functional 
requirements is equipped with class diagram. This diagram helps developers to get the structure 
of system before codes are written and helps to ensure that this system is the best design.  
Sequence diagram is made to explain actors on use case diagram in more details. These diagrams 
are shown in figure 5 and 6.  
 

 uc Primary Use Cases

Sistem pakar diagnosa penyakit anak dan anjuran obat

tradisional

Memilih gejala

User

Anjuran obat

data obat

Melihat informasi 

penyakit

Hasil diagnosa

«extend»

«include»
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 class System

HomeActiv ity

- image:  ImageView

- Imgbutton:  ImageButton

- scroll:  ScrollView

+ onCreate() : void

+ onClick() : void

SplashScreenActiv ity

- ImageView:  ImageView

- progress:  ProgressBar

+ onCreate() : void

+ run()

Tentang

- text:  TextView

- image:  ImageView

+ onClick() : void

+ onCreate() : void

1

1

Q1Activ ity

- iya:  Button

- image:  ImageView

- kembali:  Button

- textview:  TextView

- tidak:  Button

+ onClick() : void

+ onCreate() : void

+ setText()

H1Activ ity

- detail:  Button

- Home:  Button

- textview:  TextView

+ onClick() : void

+ onCreate() : void

+ setText()

1..*

1

1

1..*

1

1

HomeaoActiv ity

- l ist:  ListView

- button:  Button

- image:  ImageView

+ onCLick() : void

+ onCreate() : void

1

1..*

InfoActiv ity

- button:  Button

- image:  ImageView

- text:  TextView

+ onClick() : void

+ onCreate() : void

1

1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Class Diagram of System 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Sequence diagram for Actor “Memilih Gejala” 

 
Figure 6 explain that Users will select a form of disease diagnose and the application will display a 
question about the disease symptoms. Users simply press the "YA" or "TIDAK" to respond to 
questions disease symptoms appear on the screen. Figure 7 gives sequence diagram that explains 
after user choose a form of disease diagnose and select the symptoms found on children, then 
the application will display the result.  Activity diagram is shown in figure 8 explains the flow of 
activities undertaken at the time of android application is running.  

 sd Sequence

User Form diagnosa 

penyakit

Diagnosa penyakit Gejala

select form()

Memilih gejala()

get_gejala()
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Figure 7. Sequence diagram for Actor “Hasil Diagnosa” 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. Activity Diagram for Disease Diagnosis 

 

RESULT 
Realization of The System 
The proposed system was developed using Java programming and this mobile application can run 
on a mobile phone with android operating system minimum 4.0.4 (Ice Cream Sandwich). User 

 sd sequence 2

User

(from Sequence)

Form diagnosa 

penyakit

(from Sequence)

Diagnosa penyakit

(from Sequence)

Penyakit

(from Sequence)

select form()

memilih gejala()

ambil penyakit()

ambil hasil()

ambil hasil()

 act Activ ity 1

sistemPengguna

start

Tampiilan halaman utama

Memilih diagnosa 

penyakit

Tampilan diagnosa 

penyakit

Memilih gejala
Tampilan hasil 

diagnosis

end
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interface of application was designed using Adobe Photoshop and the design of the main page 
can be seen on figure 9. The main page is a page that have full navigation to all pages. There are 4 
different button menus consist of diagnosis, recommendation of drugs, a form of disease 
diagnosis and information of application. For the source code on using forward chaining method 
is shown on figure 10. Realization of the application is running on emulator android and have 
been tested on android mobile phone. Mobile application view can be seen on figure 10, 11 and 
12. The example of running application was shown on figure 13 and after user select the 
appropriate symptoms, and the system will detect if the symptoms have been matched with the 
symptoms that exist in typhoid disease.  Figure 14 shows codes for forward chaining method that 
have been  orking. If user choose “IYA” then the code run on the Q2Activity.java and if the 
ans er is “TIDAK” then the code  ill run on Q5Activity.java 

 
 

 
 
 
 
 
 
 
 
Figure 9. Design Of MainPage          

 
 
 
 
 
 
 
 
 
 
Figure 10. View of Splash Screen 
 
 
 
 

 
 
 
Figure 11. View of Home Menu 
 
 
 
 
 
 
 

 
Figure 12. View of Disease Diagnose Menu 
 
 
 
 
 
Figure 12. View of Disease Diagnose Menu 
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Figure 13. View of Example Disease Diagnose 
 

 

Figure 14. Codes for Forward Chaining Method 
 

TESTING 
The testing have been conducted in order to find error and have a better performace on its 
system. The testing method which is used on this application is a black box testing. This testing 
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focuses on functional requirements of application. Black box testing consists of tow stages, there 
are Alpha and Beta testing.  
Alpha testing had been carried out on this system. Alpha testing only for internal circulation and 
problems / errors or incompleteness contained in the application. This testing had been done in 
order to see the input and expected output of this system. The result of this testing can be seen 
in table 5. 
 
Table 5.  Alpha Testing 
Activity Input Output Result 

Menjalankan 
aplikasi sistem 
pakar 

Tap icon aplikasi 
sistem pakar pada 
launcher 

Jika berhasil aplikasi 
akan menampilkan 
splash screen  dan 
langsung masuk 
halaman utama 

Valid 

Memulai 
diagnosa 
penyakit 

Tap atau tekan icon 
diagnosa penyakit 
pada halaman utama 

Jika berhasil aplikasi 
akan menampilkan 
tampilan diagnosa 
penyakit 

Valid 

Memulai 
diagnosa 
penyakit 
putaran 1 

Gejala – gejala dari 
penyakit muntaber  

Jika berhasil aplikasi 
akan menampilkan 
halaman hasil diagnosa 
penyakit muntaber 

Valid 

Memulai 
diagnosa 
penyakit 
putaran 2 

Gejala – gejala dari 
penyakit cacingan  

Jika berhasil aplikasi 
akan menampilkan 
halaman hasil diagnosa 
penyakit cacingan 

Valid 

Memulai 
diagnosa 
penyakit 
putaran 3 

Gejala – gejala secara 
acak  

Tampilan layar dengan 
     “  h        
penyakit tidak dapat 
  r    k  ” 

Valid 

 
From the previous testing, there have been doing trials showed a valid result on each 
components. It had been proofed that this system, android mobile application, is a good enough 
to implement on daily use. The further testing is beta testing.  This beta testing was carried out to 
give quistionnaire to 30 independent user, some of them are doctors. This testing is used to 
determine which is the application functioned properly as a user requirements. The result is 
100% user believes that this system is easy to use. It is evident that the accuracy of the system is 
88.9  based on the result of questionnaire’s ans er. To integrate the results  ith the existing 
research, a point can be addressed that android mobile application is becoming popular due to 
technological developments  on smartphone. Therefore, this research is very promising and 
benefecial for general public use. For further research, there is a recommendation that it need to 
add many children tropical disease in the mobile application library.  
 
CONCLUSION 
Based on the results of development of android mobile application that has been done before. It 
can be conclude some points as follow :  
The application on children disease diagnosis expert system using forward chaining method is 
expected to be an early diagnosis of the disease which is used by parent if the children has many 
symptoms. So it can be handled at an early stage to avoid greater risks. 
Users are facilitated with the simple view and easy to use. 
Based on the testing carried out by independent user, doctors and parents,  this application is 
recommended to use and accurately to detect multiple diseases in children. 
Based on the suggestion from several doctors, this application is equipped with the additional 
diagnostic capability for another tropical diseascs on children.  
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ABSTRACT  
Watermark embedding is one way to detect violations of copyright in digital image. One of 
watermarking techniques used is Discrete Cosine Transform (DCT). Research using DCT 
watermarking technique is generally done in MATLAB. In this research, DCT algorithm is 
implemented on Android device using JAVA programming language to detect the watermark 
insertion and then examine the watermarked image that has been manipulated to determine the 
level of resistance of the watermark.  From this study,  e can conclude several things such as α 
value affects the imperceptibility of watermarked image by using DCT algorithm.  Watermark 
which is embedded on the image can withstand the image manipulation such as sharpening, 
contrasting, brightening, compressing and changing of certain file extension. The embedded 
watermark cannot be detected if manipulation such as resize, Gaussian blur and cropping was 
performed.  There is a damage in the form of white spots on particular images that possibly 
happened because of Android system operation which basically has not supported YcbCr color 
format. YcbCr or YUV color space support is available on API level 19 or Android 4.4. 
 
Key words: Android, Discrete Cosine Transform eywords, Image, Java, Watermark. 
Abbreviations (if any): All important abbreviations must be defined at their first mention there. 
Ensure consistency of abbreviations throughout the article. 
 
INTRODUCTION 
In general, multimedia data are presented in the form of image, audio and video. Digital image is 
one of digital data that is widely used in multimedia applications. Like other digital data, digital 
image has characteristics and also weakness, that is easy to duplicate with the exact same result 
as the original. In addition, digital image is easy to distribute, either through magnetic storage 
media or internet. Slight changes in digital image are not easily perceived by the sight senses[1]. 
Digital image watermarking is a technique used to control duplication and distribution of digital 
image by embedding the information of copyright in the form of watermark[2]. The embedding is 
done in such a way so that it cannot be perceived by human eyes (imperceptible). Watermark 
must also be robust against the attacks aimed to destroy or remove it from a digital image. 
Discrete Cosine Transform (DCT) is one of algorithms which can be used to embed and detect the 
watermark in a digital image. Research conducted by Munir stated that watermarked image 
generated by DCT algorithm could not be distinguished from the original image and proven to be 
robust against attacks, such as JPEG compression, histogram equalization, gamma correction, 
cropping, resi ing, noising and sharpening* +. Munir’s research on DCT algorithm for 
watermarking was performed by using desktop devices using MATLAB. 
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From previous studies on the implementation of DCT algorithm for watermark embedding in 
digital images, the author has not found the implementation of this algorithm aside from using 
MATLAB. Moreover, author has not found the implementation of this algorithm on real 
applications such as mobile applications. 
With those backgrounds, algorithm DCT implementation for watermarking digital images is done 
on Android devices using JAVA programming language. A resistance test of DCT algorithm for 
watermarking digital image on Android device is carried out in this study. 
 
REVIEW OF LITERATURE 
This study is based on the research by Rinaldi Munir  ith his paper entitled “Image 
Watermarking untuk Citra Berwarna dengan Metode Berbasis Korelasi dalam Ranah DCT” (Image 
Watermarking for Color Images with Method Based on Correlation on DCT Domains). This study 
is conducted using MATLAB software to perform the test on image manipulations such as JPEG 
compression, histogram equalization, gamma correction, cropping, resizing, noising, and 
sharpening. Research by Munir proved that watermark embedding with DCT algorithm produced 
a watermarked image that was resistant to image manipulations. 
 
BASIC THEORY 
Discrete Cosine Transform 
DCT algorithm is an algorithm to transform a spatial space into frequency space. For two-
dimensional signal such as digital images, two-dimensional DCT to the matrix I sized M x N is 
defined as follows: 
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Values of C(p,q) is called as DCT coefficents of image I. Inverse DCT transformation is expressed 
by the following equation: 
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Barni Algorithm 
Barni algorithm is included in Linear additive algorithm category[3]. According [1], Barni 
algorithm is one of good watermarking methods. In this algorithm, the watermark which is 
embedded into the image also serves as a watermark key. 
In this case, the image is initially transformed into DCT space and then the N coefficient, which is 
selected in middle frequency, is extracted. A zig zag sequence is required, as in JPEG compression 
algorithm, to extract that coefficient[3].  
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Figure 19. A zig zag sequence of Barni algorithm. 

 
Figure 20. Three channel frequency division. 
 

DCT algorithm divided an image into three sub-band frequency (low, middle, and high). Insertion 
in low frequency part can damage the image because human eyes are more sensitive in lower 
frequency than higher frequency. On the contrary, if watermark is embedded in high frequency 
part, it will be deleted by quantization process as in lossy compression (e.g. JPEG). Therefore, the 
watermark is embedded in middle frequency in order to balance the robustness and 
imperceptibility. 
 
IMPLEMENTATION 
DCT algorithm implementation in this study is written with JAVA programming language and 
Android SDK to create application that runs on Android-based devices. This application consists 
of two main parts, namely watermark embedding and watermark detection. The algorithm is 
used in both parts. 
The steps of DCT algorithm implementation in watermark embedding and detection part can be 
seen below. 
 
Watermark embedding 
Watermark embedding is done with the following steps. 
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Start
Change RGB color 

space to YCbCr
Choose luminance 

color space (y)

Do DCT algorithm
Sort the DCT 

coefficients as Zig 
Zag

Embed/insert 
watermark in 
middle area

Restore the DCT 
coefficient 
sequence

Invers DCT

Return the value of 
the inverse DCT to 

the luminance color 
space (y)

Change YCbCr Color 
Space ke RGB

Take 8 x 8 pixel 
form luminance (y)

Is entire pixel image has 
been processed?

No

Yes

End

 
Figure 21. Watermark embedding steps. 
 

Watermark embedding process is done by iterating each pixel block sized 8x8. This is performed 
in order to save memory used by Android device. Moreover, this process follows JPEG 
compression method using DCT[4]. 
 
Watermark detection 
Watermark detection steps are as follows:  

Start
Change RGB color 

space to YCbCr
Choose luminance 

color space (y)

Do DCT algorithm
Sort the DCT 

coefficients as Zig 
Zag

Take the DCT 
coefficients in the 

middle

Save the 
coefficients in the 

array

Calculate the value 
of C and T of 

coefficients that 
have been taken

Take 8 x 8 pixel 
form luminance (y)

Is entire pixel image has 
been processed?

No

End

Compare the value 
of C and T

Detection results

Yes

 
Figure 22. Watermark detection steps. 
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The following formula is used to calculate the value of C: 
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(4) 

Where N is the array length of the obtained DCT coefficient, v* is a row of DCT coefficient, and w 
is the array row of watermark. 
T is calculated by the following formula: 
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Where α is coefficient value used in embedding, N is the array length of the obtained DCT 
coefficient, and v* is a ro  of DCT coefficient. If the value of C ≥ T then the image is considered to 
have a watermark but if C < T then the image is considered not to have a watermark. 
Each embedding and detection process, color space transformation from RGB to YCbCr is 
performed using this calculation: 

                       

                        

                        

 
(6) 

And the following formulas are used to transform color space from YCbCr to RGB. 

         (      ) 

            (      )         (      ) 

         (      ) 
 

 
(7) 

TESTING 
lementation phase, hereinafter the testing is done which is generally aimed at testing the success 
of DCT algorithm implementation with JAVA programming language as the application that is run 
on Android device. The test is conducted in order to determine the parameters that must be 
considered when using this algorithm in this environment. Additionally, robustness test is 
conducted to analyze the comparison of DCT algorithm robustness which has been done in the 
previous studies in MATLAB with Android environment which is conducted in this recent study. 
The tests performed in this study are imperceptibility test and robustness test. 
 
Imperceptibility  
This test is conducted to determine the good α value  hich  hen the  atermark is embedded, 
there will be noticeable changes from the original image. 
 

 
Figure 23. Original image. 
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Figure 24. Images resulted from watermark embedding with different α values. From left to right: α    , α   
 ,8, α    ,5, dan α    , . 

Figure 5 is a image which has not been given a watermark. Figure 6 is watermarked image.                     
α value     causes obvious changes or damages to the image. If α value is reduced, the level of 
changes or damages is also reduced. The changes or damages to the image have not been visible 
 hen  α value    , . 
In testing, a fe  pictures are found damaged  hen  atermarking is applied although α value   
0,1.  
 

 
Figure 25. The image prior to embedding. 

  
Figure 26. Pixel damage in the form of visible white spots caused by watermark embedding process. 

However, this pixel damage is not visible in the picture below. 
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Figure 27. On the left side is the original picture of Lenna and on the right side is Lenna’s picture after the 
embedding but there are no visible damages. 

Robustness 
This testing is conducted to determine what image manipulation can cause the watermark 
becomes undetectable. The manipulation applied are in the form of cropping, resizing, 
sharpening, blurring, noising, compressing, and changing the image format (file extension).  
 
Table 3. The result of file type detection. 

Type α  input α detection    C  T Status 

*.bmp 0,09 0,05 0,0910 0,0730 detected 

*.jpg 0,09 0,05 0,0961 0,0661 detected 

*.png 0,09 0,05 0,0910 0,0730 detected 

*.gif 0,09 0,05 0,0789 0,0795 not detected 

 
The above table is the testing result of watermark detection with file type (file extension) 
variable. This result shows that the conversion of file type into *.gif makes the watermark 
become undetectable. 
 
Table 4. Detection result of image resizing. 

Type α  input α detection    C  T Status 

25% 0,09 0,05 -0,0215 0.1577 not detected 

50% 0,09 0,05 -0,0266 0,130 not detected 

75% 0,09 0,05 0,0595 0,111 not detected 

125% 0,09 0,05 0,0164 0,047 not detected 

150% 0,09 0,05 -0,0266 0,0410 not detected 

The above table is the testing results of watermark detection by image resizing as the variable. 
The results show that the watermark cannot be detected when the image is resized by 50%-150% 
of its original size. This finding is different from previous research [1] which stated that the 
watermark could still be detected when the image was resized by 50%-200% of its original size. 
 
 
Table 5. Brightness detection results. 

Type α  input α detection    C  T Status 

-100 0,09 0,05 0,207 0.67 detected 

-50 0,09 0,05 0,1701 0,073 detected 

-25 0,09 0,05 0,1490 0,072 detected 



WANet al. –Running title is about five words 

Proceedings of International Conference on NAMES 2015 | Robustness Test of Discrete Cosine Transform Algorithm in Digital 
Image Watermarking on Android Platform 

381 

 

Type α  input α detection    C  T Status 

+50 0,09 0,05 0,0641 0,0628 detected 

+100 0,09 0,05 0,0345 0,046 not detected 

The above table is the testing results of watermark detection by image brightness as the variable. 
The results show that the watermark can be detected when the brightness is changed from -100 
to +50. This finding is similar with  [1] which stated that the watermark could be detected when 
the image was manipulated by changing the brightness. 
 
Table 6. Contrast detection results. 

Type α  input α detection    C  T Status 

-50 0,09 0,05 0,1256 0,068 detected 

-25 0,09 0,05 0,1232 0,0706 detected 

+25 0,09 0,05 0,1120 0,0762 detected 

+50 0,09 0,05 0,1076 0,0791 detected 

+75 0,09 0,05 0,1005 0,0822 detected 

The above table is the testing results of watermark detection by image contrast as the variable. 
The results show that watermark can be detected when the contrast is changes from -50 to +75. 
This result is similar with [1] which stated that the watermark could be detected when the image 
was manipulated by changing the contrast. 
 
Table 7. Compressing detection results. 

Quality α  input α detection    C  T Status 

0 0,09 0,05 0,0934 0,0268 detected 

1 0,09 0,05 0,0994 0,0307 detected 

2 0,09 0,05 0,1061 0,0400 detected 

3 0,09 0,05 0,1142 0,0525 detected 

4 0,09 0,05 0,1085 0,0566 detected 

Table V shows the testing results of watermark detection using image compressing as the 
variable. Compression is done by using a scale of 0 to 12. These findings, together with the result 
from Munir’s research, sho  that the  atermark can still be detected even in the smallest 
compression. 
 
Table 8. Cropping detection result. 

Type α  input α detection    C  T Status 

crop1 0,09 0,05 0,2876 0,0561 detected 

crop2 0,09 0,05 -0,2237 0,0670 not detected 

crop3 0,09 0,05 0,1836 0,0713 detected 

crop4 0,09 0,05 -0,0332 0,0854 not detected 

crop5 0,09 0,05 0,305 0,0439 detected 

The above table is the testing results of watermark detection using image cropping as the 
variable. The cropped image is then given a black piece. The results show that the watermark can 
still be detected for several types of cropping. 
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Table 9. Gaussian blur detection results. 

Type α  input α detection    C  T Status 

1px 0,09 0,05 0,0165 0,0265 not detected 

2px 0,09 0,05 0,0022 0,0128 not detected 

3px 0,09 0,05 -0,0028 0,0077 not detected 

4px 0,09 0,05 -0,0037 0,0060 not detected 

5px 0,09 0,05 -0,0037 0,0054 not detected 

The above table is the testing results of watermark detection using image Gaussian blur as the 
variable. The results show that the watermark cannot be detected at all when manipulated with 
Gaussian blur. 
 
Table 10. Noise detection results. 

Type α  input α detection C T Status 

5px 0,09 0,05 0,0106 0,0119 not detected 

10px 0,09 0,05 0,125 0,172 not detected 

15px 0,09 0,05 0,111 0,223 not detected 

20px 0,09 0,05 0,0806 0,267 not detected 

25px 0,09 0,05 0,191 0,313 not detected 

The above table is the testing results of watermark detection using image noising as the variable. 
The results show that the watermark cannot be detected. This finding is different from [1] which 
stated that the watermark could still be detected when the noising was applied to the image. 
 
Table 11. Sharpening detection results. 

Type α  input α detection    C  T Status 

1px 0,09 0,05 0,239 0,122 detected 

2px 0,09 0,05 0,228 0,133 detected 

3px 0,09 0,05 0,2024 0,135 detected 

4px 0,09 0,05 0,187 0,135 detected 

5px 0,09 0,05 0,175 0,134 detected 

The above table is the testing results of watermark detection using image sharpen as the 
variable. The results show that the watermark can be detected. This finding is similar with 
Munir’s study results. 
From the data of test results, watermark that is embedded into an image can be lasted from 
image manipulations such as sharpen, contrast, brightness, compressing and the changing of file 
extension. The embedded watermark cannot be detected when manipulations such as resizing, 
Gaussian blur and cropping are applied into the image. 
 
DISCUSSION 
This research was carried out by implementing watermarking applications on Android device. 
Previous study [1] proved that watermark embedding with DCT algorithm produced a 
watermarked image which is resistant to manipulations such as JPEG compression, histogram 
equalization, gamma correction, cropping, resizing, noising, and sharpening. 
Results of this study have differences with [1]. For example, in resize, cropping and noising tests. 
In [1] stated that the watermarked image can be resistant or detected if manipulations such as 
resizing, cropping, and noising are performed. However, the watermark cannot be detected in 
this study. This study also carries out tests in the form of manipulation to Gaussian blur and file 
extension change. The results show that the watermark cannot withstand the manipulation on 
Gaussian blur and *.gif file type. 
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Pixel damage that occurs in embedding process is possible because of the Android operating 
system basically has not supported YCbCr color format. YCbCr or YUV color space support is 
available on API level 19 or Android 4.4 Kitkat. Thus, error values on particular pixel values occur 
in the process of changing color space. 
 
CONCLUSION 
From this study, we can conclude several things as the following: 

α value affects the imperceptibility of  atermarked image by using DCT algorithm. 
Watermark which is embedded on the image can withstand the image manipulation such as 
sharpening, contrasting, brightening, compressing and changing of certain file extension. The 
embedded watermark cannot be detected if manipulation such as resize, Gaussian blur and 

cropping was performed. There is a damage in the form of white spots on particular images that 
possibly happened because of Android system operation which basically has not supported YcbCr 

color format. YcbCr or YUV color space support is available on API level 19 or Android 4.4. 
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ABSTRACT 
Rice (Oryza sativa L) is one of the foods that contain adequate nutrients and boosters to the 
human body and become a staple food, especially in Indonesia. It made the hall or entity seeking 
to improve the productivity of rice farming by creating a superior rice varieties. Each of these 
varieties has criteria for the study, the research criteria established by the agricultural agencies. 
In the determination of rice seed varieties, researchers do manual calculations from the data of 
these criteria. To help determine the varieties of seed paddy, then takes a decision support 
system. One method is used is the MADM (Multiple Attribute Making Decission). In ranking the 
research will be sought alternative rice varieties use the TOPSIS method (Technique for Order 
Preference by Similarity to Ideal Solution) to find the value of the weight of each criteria of each 
alternative rice varieties. Then the corresponding ranking obtained, each alternative will have its 
own value rice varieties that will decide which one is the most superior of all rice varieties under 
study. 
 
Keywords: MADM, TOPSIS, Rice, Rice Varieties Featured, Criteria 
 
INTRODUCTION 
Rice is one of the foods that contain nutrients and the power of the human body, because it 
contains material that is easily converted into energy. The total population in Indonesia are 
increasing, and depreciation of land is increasing so the need for foodstuffs such as rice increased 
too, so the government seeks to boost rice production through area expansion and increased 
productivity of rice planting. With the increased productivity of rice appears superior rice such as 
varieties national superior, new varieties of rice seed and local rice superior varieties.  
Rice varieties superior is a rice that can provide high yields on unit area (hectares or areal)  and in 
units of time ( day or month). Rice varieties superior is also one of the main technologies were 
able to increase productivity and income of rice (Noviati, 2013). 
Rice varieties superior have criteria established by the agricultural agency. Through these criteria 
do manual calculations to determine where the most rice varieties of all rice varieties studied. In 
doing manual calculations take a long time while the demand for data results are sometimes 
issued as soon as possible to know the results of these studies. Whereas the presence of these 
criteria will be able to immediately determine the most superior varieties of rice of all varieties of 
rice were studied,  through a decision support system with the methods that is MADM (Multiple 
Attribute Decission Making). 
MADM methods is part of a relatively complex decision problems, which include one or several 
decision makers, with diverse criteria that should be considered, and each criterion has a certain 
weight value, in order to get the optimal solution to a problem. One of the methods used to deal 
with these problems, is Technique for Order Preference by Similarity to Ideal Solution (TOPSIS). 
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The basic concept of this method is to determine the shortest distance from the positive ideal 
solution and the farthest distance from the negative ideal solution. Is the best alternative is to 
determine the superior varieties of rice of all varieties of rice were investigated at the Agricultural 
Research Institute is based on the established criteria. The study was conducted by searching the 
weight value of each existing criteria, then do the sorting process that will determine which are 
the optimal alternative rice superior varieties of all varieties of rice were studied. 
Based on the above, it is necessary to research on rice varieties superior determination system 
with TOPSIS method. The benefits of this research are expected to facilitate the decision-makers 
in choosing varieties of rice seed, then in order to help the community because of the presence 
of this study can quickly determine the appropriate superior rice varieties and can be applied 
immediately in the community. 
 
MATERIALS AND METHODS  
Materials research is a literature review of the determination of seed rice varieties with Multiple 
Additive Decision Making, TOPSIS method, and decision support systems. Criteria used in the 
determination of seed rice varieties diproleh of Swamp Crops Research Agency (BALITRA) area 
located in South Kalimantan Banjarbaru. 
 
TOPSIS METHODS 
The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is a multi-criteria 
decision analysis method, which was originally developed by Hwang and Yoon in 1981[1] with 
further developments by Yoon in 1987,[2] and Hwang, Lai and Liu in 1993.[3] TOPSIS is based on 
the concept that the chosen alternative should have the shortest geometric distance from the 
positive ideal solution and the longest geometric distance from the negative ideal solution. It is a 
method of compensatory aggregation that compares a set of alternatives by identifying weights 
for each criterion, normalizing scores for each criterion and calculating the geometric distance 
between each alternative and the ideal alternative, which is the best score in each criterion. An 
assumption of TOPSIS is that the criteria are monotonically increasing or decreasing. 
Normalization is usually required as the parameters or criteria are often of incongruous 
dimensions in multi-criteria problems.[4][5] Compensatory methods such as TOPSIS allow trade-
offs between criteria, where a poor result in one criterion can be negated by a good result in 
another criterion. This provides a more realistic form of modelling than non-compensatory 
methods, which include or exclude alternative solutions based on hard cut-offs.[6] 
 
The TOPSIS process is carried out as follows: 
Step 1 
Create an evaluation matrix consisting of m alternatives and n criteria, with the intersection of 

each alternative and criteria given as , we therefore have a matrix . 
 
Step 2 

The matrix  is then normalized to form the matrix 

, using the normalization 

method  
 
Step 3 
Calculate the weighted normalized decision matrix 
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Where  so that , and  is the 

original weight given to the indicator  
 
Step 4 

Determine the worst alternative  and the best alternative : 

 
 

where, 

 associated with the criteria having a positive impact, and 

 associated with the criteria having a negative impact. 
 
Step 5 

Calculate the L2-distance between the target alternative  and the worst condition  

, 

and the distance between the alternative  and the best condition  

 
where  and  are L2-norm distances from the target alternative  to the worst and best 
conditions, respectively. 
 
Step 6 
Calculate the similarity to the worst condition: 

. 

 if and only if the alternative solution has the best condition; and 

 if and only if the alternative solution has the worst condition. 
 
Step 7 

Rank the alternatives according to . 
 
 
RESULTS 
Conceptual Model of Rice Varieties Superior Determination System 
To be able to implement the system of determination of seed rice varieties there are four 
subsystems that must be provided, namely Data Rice, Rice Testing Model, knowledge 
management rice varieties and subsystem interface determinant varieties of rice seed. As shown 
in the figure 1 below : 
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Figure 1. Conceptual Model System Determinants of Rice Varieties Superior 
 
It’s an explanation of the conceptual model of superior rice varieties finding system in the above 
scheme: 
External Data 
is data that describes the situation as well as the conditions that exist outside the organization. 
Where there are parts of the data taken from the outside environment that agency but keep in 
touch with the research. Like the book description of varieties of rice seed, rice seed 
characteristics, and restrictions on the parameters of seed rice varieties and others. 
Internal Data 
is data that describes the situation and conditions in an organization internally. A data taken from 
the agency and based on research. Such as varieties of rice seed research data on wetlands in 
2010-2011. 
c.  Data Rice 
Is the result of external data and internal ekstaksi are then summarized into data paddy. 
d. Testing Model of Rice. 
Is a subsystem that serves as a data management of rice paddy where the data will be tested 
through the rice test model is used as a parameter testers varieties of rice seed is then processed 
to generate the data of rice seed varieties. 
  
Model examination on rice with TOPSIS 
TOPSIS begins by building a decision matrix. The decision matrix m X refers to the alternatives 
that will be evaluated based on criteria n. The decision matrix X can be seen below: 
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For example: 
 

 
Planting 
results 

Plant 
height 

Number 
of 
Puppies 

Plant 
height 

Malai 
length 

Age 
Rice 

pests 
Weight 
of 100 
seeds 

Levels of 
Amylose 

Banyu 
Asin 

2500 92 13,5 90,250 21.925 122 4 2,65 0,22 

IR64 3690 99,5 25 98,25 23,2 120 5 2,60 0,23 

Siank 
Raya 

3060 82,5 14 128,250 23,350 124 6 2,65 0,26 

 
Creating a normalized decision matrix. The equation used to transform each element is ijx: 

 
with i = 1, 2, 3,. , , , M; and j = 1, 2, 3,. , , , N; 
where rij is the element of the decision matrix that ternormalisai R,  
Xij is the element of the decision matrix X. 
 
For example: 
 

X1=√                              =5406,4 

R11=
    

      
=0,4624   Until the Ninth Parameter. 

Normalized matrix  

C1 C2 C3 C4 C5 C6 C7 C8 C9 

                                                               
                                                               
                                                               

  Cn = parameter name as the result of planting rice, height, etc.. 
Make a weighted decision matrix that is normalized.  
With a weight jw = (1w, 2w, 3w,..., Nw), where Wj is the weighting of the criteria  
and Σnj j     Wj    , then the normali ation of  eight matrix V is: 

 
with i = 1, 2, 3,. , , , M; and j = 1, 2, 3,. , , , N. Where 
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Vij is an element of the decision matrix that ternormalisai weighted V, 
Wj is the weight of criterion j, 
rij is an element of the decision matrix that ternormalisai R. 
 
For example: 
V11=w1r11=(5)(0,4624)=2,312 
 
Until the ninth parameter, obtained a weighted matrix: 
 

C1 
 

C2 C3 C4 C5 C6 C7 C8 C9 

                                                              
                                                               
                                                            

 
Determine the ideal solution matrix of positive and negative ideal solution. Positive ideal solution 
denoted A +, while the negative ideal solution is denoted A-. Here is the equation of A + and A-: 
a. A +   ,(max Vij | j € J), (min Vij | j € J '), i    , 2, 3,. , , , M} 
      = {V1 +, V2 +, V3 +, ..., Vn +} 
b. A-   ,(min Vij | j € J), (max Vij | j € J '), i    , 2, 3,. , , , M- 
        = {V1-, V2-, V3-, ..., Vn-} 
 
To A + (1 = profit, 0 = cost), for A - = {0 = profit, 1 = cost) 
A + = Max (criteria profits), Min (criteria Cost) 
A- = Min (Gain criteria), Max (Cost criteria) 
 
For example: 
 
Ideal solution Positive 
 Y1 + = max {2,312; 3.4125; 2.83} = 3.4125 
Ideal solution Negative 
 Y1- = min {2,312; 3.4125; 2.83} = 2,312 
  Until the ninth parameter. 
 
Calculate separation. 
S + is an alternative range of positive ideal solution is defined as: 

 with i = 1, 2, 3, . . . , m 
S- is an alternative distance from the negative ideal solution is defined as: 

 with i = 1, 2, 3, . . . , m, 
where  
  Si

+
  is alternative  distance to-i from positive ideal solution ideal,  

    Si
-  is alternative distance to-I from negative ideal solution 

 
Vij is an element of the decision matrix normalized, 
Vj+  is an element of the matrix positive ideal solution 
Vj- is an element of the matrix negative ideal solution. 
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For Example: 
The distance between the weighted value of each alternative against the positive ideal solution: 

D1
+=√  (            )     (             )    (             )  +(       

               )  + (             )  +(             )  +(             )  +(       
                )  +(             )2=  2,2437 
The distance between the weighted value of each alternative against the negative ideal solution: 
 

D1
-=√  (           )    (             )   (             )  + 

(                      )  + (             )  +(             )  +(       
             )  +(                      )  +(             )2 =0,24649 

 Sampai Varietas padi yang diteliti. 
 
Calculating the relative proximity to the positive ideal solution. The relative proximity of each 
alternative against the positive ideal solution can be calculated using the following equation: 

 
          with i = 1, 2, 3, . . . , m   where   
          Ci

+  is relative proximity from alternatif to-I on positive ideal solution, 
          Si

+
  is an alternative distance to-i from positive ideal solution.  

          Si
-  is  an alternative distance to-i from negative ideal solution. 

           
For example: 
 

V1=
       

              
= 0,09898 

 
and so on until the number of rice varieties studied. 
7.  Alternative rank. 
 Alternative C + sorted from largest value to the smallest value. Alternative with the 
greatest value of C + is the best solution (Anonymous, 2012). 
For example : 
From the results of these calculations are sorted into: 

IR64 0,69558 
Siank Raya 0,47212 
Banyu Asin 0,09898 

 
Knowledge Management Rice Varieties and TOPSIS Methods 
Supporting subsystem as the other or a component that is free. This subsystem contains data 
items that are processed produce an understanding of the varieties of rice seed and the 
calculation process TOPSIS method to produce the name of superior rice varieties that have been 
terangking are applied in the algorithm or coding. 
b.  Interface/ user interface determination of seed rice varieties using TOPSIS method. Is a 
facility that is able to integrate the system installed by the user interactively. Through this 
system, users can communicate with decision support system made. 
 
RESULT AND DISCUSION  
Below is a form of testing determinant varieties of rice seed with the result that comes out is 
paddy rice IR64 as the flagship of the three rice varieties studied : 
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Figure 2. Form Examination on Determinants of rice superior varieties  

 
CONCLUSION 
The conclusion from this study is: 
Implementation of TOPSIS method in developing a decision support system to process 
perangkingan that can be known varieties of rice which is the most superior of all varieties of rice 
were investigated through the parameters that have been specified as higher plants, the results 
of planting, seed number, panicle length , amylose content and others. 
From the Program created by using TOPSIS method results obtained seed rice varieties, with 
0.69558 is paddy rice variety IR64 as the first seed, second diurutan no rice Siank Kingdom with a 
value of 0.47212 third in paddy Banyu Asin with value 0 , 09 898. 
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ABSTRACT 
Finding a job is a common activity for both fresh graduate students and students who discontinue 
their formal studies. Selecting a job is generally based on their passions, skills, and competences. 
However, this process is complicated, since job seekers select the available job vacancies based 
on their qualifications. This process is time and effort consuming. 
According to aforementioned problems, a system is required to give job recommendations to a 
job seeker based on their passion and skill qualifications. Analytical Hierarchy Process (AHP) 
method is exploited to develop this proposed system based on some defined criterias (i.e. GPA, 
education, old and location). Job seekers are allowed to apply recommended job vacancies via 
online. 
The proposed system generates job vacancy rank based on job seeker's input criteria/query. This 
rank is manually and automatically calculated. Manual and automatic calculations apply 
Microsoft Excel and the proposed system, respectively. Manual and automatic calculations result 
similar values. The proposed system successfully presents job recommendation based on input 
criteria. 
 
Keywords: AHP, decision support system, job vacancy, job seeker 

 
INTRODUCTION 
Nowadays, getting a job is not easy especially for prospective workers such as students who have 
recently graduated , because they would have to compete with the student from other 
universities in finding the job every year , all of them have change getting a job without 
discrimination (UURI , 2013 ) (M Hafsarah, et al., 2010) . Most of students who have recently 
graduated that have no experience in working, it makes difficult to get jobs that based on their 
abilities (Chairy, 2006) (Rachman, 2011). 
Hard competition in getting job, it requires a worker candidate or seeker a job has best trick to 
get goal in the competition. To get the job a seeker while has a formal education she/he should 
be a qualified worker that is preparing linear proficiency by themselves (Chairy, 2006). The 
qualified seeker that will be easy in getting job in company. Therefore, to be a highly qualified 
worker, must have an expertise and special skills in certain fields. 
Applicants also must be able to promote themselves effectively, has tips and tricks to get job 
information, submitting job applications and follow the recruitment process. However, to obtain 
information about jobs and send job application letter certainly requires time and money that is 
not little. 
In searching information for job vacancies, applicants usually use the manual method , that are 
by visiting the company to look at the boarding notice containing job listings , searching the 
announcement by media such as newspapers , magazines , brochures or information by word to 
word. The location is needed by applicant such as the location within the city , as well as 
education in accordance with the applicant's education . Furthermore, if obtained vacancies that 
match then the applicant must go to the company intended to bring the requirements or the 
application file is sent through the post office 
The weaknesses of using a paper manual system is the possibility the requirements or sent to be 
torn easily, getting wet when exposed to the company, or the application file is not up to the  

mailto:Fitri22.poliban@gmail.com
mailto:emonirma@gmail.com
mailto:ifitfitriani94@yahoo.com
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HRD companies because that it is stuck in a files contained in the security office. Based on the 
problems above, there is one effective way to search the jobs by using the decision support 
system in the search for jobs using Analytical Hierarchy Process (AHP) based on web the 
applicants can look the job that is fit in his criteria. Then, the system will display the results of 
selection of applicants jobs based input. From the selection of the applicants may directly send 
the application file on a page that has been provided. This system aims to provide information 
which serves to assist applicants in making decisions about jobs, so that applicants can obtain job 
information and can directly send a job application to quickly, easily, and cheaply, and built based 
on the criteria of job applicants were age, education, GPA, and location. This system is intended 
only for firms located in South Kalimantan. 
 
MATERIAL AND METHODS 
Decission Support System (DSS) 
Fundamentally, the first definitions are a system intended to support management decision-
making . DSS is a model -based system that consists of procedures for processing the data and 
considerations to assist managers in making decisions. In order to successfully achieve its 
objectives , the system should : ( 1 ) simple , ( 2 ) robust , ( 3 ) easy to control, ( 4 ) adaptable , ( 5 
) complete the important things , ( 6 ) easy to communicate with . Implicitly also means that this 
system must be based computers and is used in addition to problem-solving abilities of a person 
(Subakti, 2013; Turban, 2001). SPK aims to provide information, guide, provide predictions and 
lead to user information in order to make better decisions (Kusrini, 2007).  
Sparague and Watson define Decision Support Systems (DSS) as a system that has the main 
characteristics (Sparague, 1993): 
a. Computer-based systems. 
b. Used to help decision-makers 
c. To solve the complex problems that is impossible to do with the manual calculations 
d. By means of interactive simulation 
e. Where data and models as Principal Component Analysis. 
 
Landscape of conducting system 
Job Vacation Information System is a system that is used to help make decisions in selecting the 
companies desired fit the criteria of a job seeker and job seekers can apply directly to the 
company and a provider of employment can install jobs to get job applicants. This system was 
developed with the programming language HTML, PHP and MySQL database system, illustration 
can be seen in Figure 1 below. 
 

 
Figure 1. System workflow 

 
 
 

Registration, Login 

Registration, Login 

Confirmation Job Vacancy 

Job Suggestion 

Job seeker 

Company/ 

Institution 

Suggestion by the system 
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Analitycal Hierarcy Process Mrthod  (AHP) 
Analytical Hierarchy Process (AHP) is a method to solve a complex situation is not structured into 
several components in the composition of the hierarchy, by giving subjective value on the 
importance of each variable in relative terms, and defines the variables which have the highest 
priority in order to affect the outcome of the situation 
The decision making process is basically choosing a best alternative. As did structuring issues, 
determination of alternatives, possible value for the variable theory, settler value, preference for 
time requirements, and specifications for the risk. However the widening alternatives that can be 
set or assessment value of possibilities clearly, limitations that still surrounds is the basis of 
comparison in the form of a single criterion. 
The main equipment Analytical Hierarchy Process (AHP) is to have a functional hierarchy with the 
main input of human perception. complex and unstructured problem to be solved in group-group 
and organized into a hierarchical form. 
 
AHP Method Computation 
The basic concept is the use of AHP pair wise comparison matrix (matrix of pair wise 
comparisons) to produce relative weights between criteria and alternatives. One criterion will be 
compared with other criteria in terms of how important to the achievement of goals on it. Table 
1 below is a quantitative scale in DSS 
 
Table 1.  Quantitatif Scale in SPK 

Requirment Definitions Explanations 

1 
Both of them is important Two elements have equal influence on the 

destination 

3 
The lements that one a little more 
important than the other elements 
 

Experience and judgment slightly contribute an 
element other than the elements 

5 
Elements which one is more important 
than the other elements 
 

Experience and judgment in very strong 
support of the elements other than the 
elements 

7 
One element is obviously more 
important than the absolute other 
elements 

One strong of element is supported seen in 
practice 
 

9 
One absolutely is  essential element of 
the other elements 
 

The evidence supporting one element against 
another element has the highest possible 
degree of confirmation strengthens 

2, 4, 6, 8 
Values between two values are 
consideration 

This value is given when there are two 
compromises between 2 options 

Reverse 
If activity i can be a point compared to the activity j , then j has the opposite value 
compared with i. 

 
Computation Accitency 
Assessment in comparing between one criteriaa with other criteria that are independent of each 
other, and this can lead to inconsistencies. Saaty (1990) has proved that the consistency of the 
order matrix index n can be obtained by the formula: 
      CI   (λmaks-n)/(n-1)   (1) 
      with: 
      CI        = Consistency Index 
      λmaks    = Maximum eigen value from order matrix n 
The eigen value obtained by summing the results of multiplying the number of columns with the 
Eigen vectors. Limit inconsistencies measured using consistency ratio (CR), which is the ratio 
consistency index (CI) by generating random values (RI) . This value depends on the order matrix 
n. 
 



WANet al. –Running title is about five words 

Proceedings of International Conference on NAMES 2015 | AHP-Based Decision Support System for Finding Job Vacancy 395 

 

Rasio Consistency: 
       CR=CI/RI    (2) 
When the value CR is smaller than 10 %, the inconsistency of opinion still considered acceptable. 
 
Table 2. List of random consistency index (RI) 

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

RI 0,00 0,00 0,58 0,90 1,12 1,24 1,32 1,41 1,45 1,49 1,51 1,48 1,56 1,57 1,59 

In the case of determining the vacancy in accordance with the criteria of applicants using AHP , 
then step the solution is : 
Determine the criteria , sub-criteria and alternatives vacancies 
Selection criteria : GPA, education, old and location 
Alternative job: 
A PT Britmindo 
B. PT Bumi Bulan Bintang 
C. CV Bintang Borneo Banjarmasin 
D. Lowongan Adira Multifinance 
E. PT. Trakindo 
F. PT. Telkom 
G. PT.Coronet Crown 
H. PT. Frisian Flag Indonesia 
Creating Hierarchies 
 
Figure 2 below is a hierarchy in the decision-making process based on the criteria mentioned 
earlier. 
 

 
Figure 2. Determination hierarchy Jobs Vacancy 
 

RESULT 
After the prospective applicant for registration and a successful login and choose the jobs they 
want it will appear as an image form selection system.  This page is a page for applicants to be 
able to determine the criteria and sub criteria in accordance with the wishes of the applicants. 

Job Vacancy 

LOCATION GPA 
EDUCATION 
BACKGROUND 

AGE 

A B C D E F G H 
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Applicants can also determine the level of interest of the criteria and sub-criteria which have 
been, like Figure 3 below: 

 
 
Figure 3. The relation between the criteria, applicants can determine the relationships among the values for 
each criterion. Click further if all relationships have been rated. 

 

 
 
Figure 4. The relation between sub criteria of age, applicants can specify a value for each sub-criteria 
relationship among age. Click further if all relationships have been rated. 
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Figure 5. The Relation between Sub criteria education, applicant can specify a value for each sub-criteria 
relationships among education. Click further if all relationships have been rated 

 
Figure 6. The relation between sub criteria GPA, applicants can specify a value for each sub-criteria 
relationship among GPA. Click further if all relationships have been rated and then go to the step 5 is 
relation between sub criteria of the location where the applicant can specify a value for each sub-criteria 
relationship between locations. Click further if all relationships have been rated. 
 

 
Figure 7 The final step from job vacation information system, the applicant can fill every available 
field in accordance with the criteria of the desired job. Click further if all field have been rated 
and the result of rank of jobs vacation. 
 
CONCLUSION 
Based on the background, design, discussion and testing of the system, we draw some 
conclusions as follows: 
The author managed to design, build and implement a decision support system in the search for 
jobs using AHP. 
Based on the calculation system compared with manual calculations using excel generate value / 
the same result. 
Based on the criteria / query that included the applicant, the system is able to produce the 
appropriate ranking jobs. 
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ABSTRACT 
Digital electronic devices have a specification using IC (Integrated Circuit) as the main component 
in which the signal processing in the circuit boards are processed digitally. Signal processing is 
processing data or signals travel from the real world to the IC and other wise from the IC to the 
real world. Data in the real world is referred to as analog data and data in the IC is referred to as 
digital data. In general, the signal processing circuit referred to ADC (Analog to Digital Converter) 
and DAC (Digital to Analog Converter). 
Signal processing learns about the conversion process and data transformation analog to digital 
and digital to analog reverse of which is represented in the model mathematical equations to 
certain algorithms. Understanding the signal processing is not easy. This is because of signal 
processing involves a complex mathematical equations and many algorithms. Sometimes, what is 
delivered need graphical representation to understand it, because the signal itself, whether 
analog or digital, can not be captured by the human’s senses physically. The concept of signal 
processing plays a very important role in the field of science and engineering such as 
communications, acoustics, control systems, and so on. By value, the signal can be categorized 
into two types: analog signals and digital signals. One form of analog signals are frequently 
encountered in everyday life is a sound signal. 
Data acquisition is the process by which the physical phenomena of the real world is converted 
into an electrical signal which is measured and converted to digital form for processing, analysis, 
and storage by the computer. In this paper, the process of data acquisition using a noise signal as 
a representation of the audio signal, then the signal in such a way that the process steps of signal 
processing can be known. This application is made with the hope of helping humans in the 
display, processing analog data into digital by displaying magnitudes directly observable human 
senses through graphical visualization of signals. 
 
Keywords: data acquisition, analog signals  
 
INTRODUCTION 
The development of IC technology became a major technology in the growth of the electronics 
industry, computer and telecommunications to produce more powerful, smaller, faster and 
cheaper devices. Technology today cause human dependence with digital devices. IC technology 
advances have produced many types of microcontroller that is a major component of digital 
devices. Digital device can only process digital data and human as users can only respond to the 
data in analog form. 
Most signals for practical purposes, such as noise, biological signals, seismic signals, radar, sonar, 
and various communication signals such as audio and video signals, is an analog signal. In order 
to process analog signals with digital tools, it is first necessary to convert them into digital form, 
which converts into a sequence of numbers that have limited precision. This procedure is called 
analog-to-digital (A/D) and the converter tool called ADC (Analog-to-Digital Converter). 
In many cases, it is often desirable to convert the processed digital signal back into analog form, 
eg voice. It is not possible to listen to the sound of a row footage from the speakers, or see 
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pictures row of binary digits on TV. The process of converting digital signals into analog signals 
known as digital-to-analog (D/A) and the converter tool called DAC (Digital-to-Analog Converter). 
Signaling plays an important role in modern life, because now people can not be separated from 
digital technology, such as computers and mobile phones, where the device is loaded with the 
process of converting analog data to digital and digital to analog reverse. In the natural world, the 
signal can also be found around humans in the form of electromagnetic signals living bodies. So 
that the signal can be beneficial to the efficient and optimal fit human needs, it is necessary to 
signal converter system commonly referred to as the signal processing system. 
 
ANALOG-TO-DIGITAL CONVERTION 
A/D conversion is divided into a three-step process: 
Sampling. It is the conversion of a continuous-time signal into a discrete-time signal obtained by 
taking a sample from time-continuous signal during discrete time. So if xa(t) is input to the 

sampler, the output is xa(nTs)  x(n) with Ts is called the sampling interval. 
Quantization. This is a valuable signal-conversion of continuous signals into discrete signal 
(digital). The value of each sample signal is described with a value chosen from a finite set of 
possible values. The difference between the footage x(n) are not quantized and output xq (n) 
quantized called quantization error. 
Coding. In the encoding process, each discrete value xq (n) is described by a sequence of binary. 
 

 
Figure 1. ADC’s basic block diagram  

 
SAMPLING ANALOG SIGNALS 
Sampling are used to capture an image of the analog signal in this discussion is the periodic 
sampling. Described as: 

 nnTxnx sa ),()(     (1) 

With x(n) is a discrete-time signal obtained by "taking footage" analog signal xa(t) every T 
seconds. This procedure is presented in Figure 2. Time interval,Ts, between successive footage 
called the sampling period or  footage interval and its opposite: 

s

s

F
T


1

        (2) 

Fs named as the sampling rate (sample per second) or sampling frequency. Periodic sampling 
establishes a relationship between the variables of time t and n of the signal time-continuous and 
time-discrete signal: t = nTs = n/Fs 

QuantizerSampler
xa(t) x(n)

Coder
xq(n) 01011 ...
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Figure 2.  The process of periodic sampling analog signals 

 

The discrete sinusoidal signal : x(n) = A cos (2Fdn + ) 
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 Fa = analog signal frequency 
 Fd = discrete signal frequency        

 
SAMPLING THEOREM 
 
From the previous discussion we can choose the appropriate sampling rate, Fs/2 > Fa.max. If the 
highest frequency possessed an analog signal xa(t) is Fa_maks = B and the signal is sampled at a rate 
Fs > 2Fa_max, then the minimum sampling rate is Fs = 2Fa_max = 2B. The rate of sampling is, 

BFF maksaN 22 _          (4) 

called the Nyquist rate. 
 
ANALOG SIGNAL QUANTIZATION  
a. Signal Amplitude quantization-Continuous 
The process of converting a signal amplitude-continuous-discrete time into a digital signal with 
each value expressed as numeric digit footage, called quantization.  
Rounding process is presented graphically in Figure 8. Explanation of terms in figure 8, namely: 
Quantization levels are possible values on a digital signal 

Delta () is the quantization step or resolution size. 
 
Quantization error, the rounding restricted to intervals: 

 
1

minmax






L

xx
       (5) 

xmin dan xmaks  = maximum and minimum x(n) 
L  = the number of quantization level 
xmaks - xmin = dynamic interval 

b. Quantization of Sinusoidal Signals  
In practice, the staircase signal xq(t) can be obtained by using a zero-order hold. This analysis is 
useful because sinusoids are used as test signals in ADC. 
If the sampling rate Fs satisfied the sampling theorem, quantization is the only error in the ADC 
process. Thus we can evaluate the quantization error by quantizing the analog signal xa(t) instead 
of discrete-time signal x(n)=xa(nT). 
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Figure 3. Sinusoidal signal sampling 

  
Figure 4. Sinusoidal signal quantizing and coding 
 

Coding of Quantized Samples 
 
The coding process in ADC providing a binary number that is unique to each level of quantization. 
If we have L quantization levels, we need at least L different binary numbers. With b bits word 
length, we can create 2b  different binary numbers. Therefore we have, 
2b ≥ L   or   b ≥ log2 L    (6) 
Digital to Analog Conversion 

 
Figure 5. DAC’s basic block diagram 

 
Data Acquisition 
Data acquisition (DAQ), is defined as a process by which the physical phenomena of the real 
world is converted into an electrical signal which is measured and converted to digital form for 
processing, analysis, and storage by the computer. 
 
METHOD 
Generating Analog Signal Noise 
To generate analog signals deterministically as the basic characteristics of natural signals, 
sinusoidal signal noise used in order to the original signal form can still be recognized. Sinusoidal 

signal  xa(t) = 5 sin (2Fat) , Fa = 20 kHz, therefore Ta = 0.05 ms. From Matlab programming, we 
obtained: 
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Figure 6. Sinusoid signal with noise as the basic characteristics of natural signals 

 
Generate Signal Sampling with Various Fs  

 

 
Figure 7. (left) Fs = 100 sample/second, 4 bits (right) Fs = 250 sample/second, 4 bits 
 
 

Generating DAC Output With Various Fa, Fs, and Number of Data Bits 
 

 
Figure 8. DAC output 4 bits, Fa = 20 kHz (left) Fs = 100 sample/second (right) Fs = 250 sample/second 
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Figure 9. DAC output 8 bits, Fa = 10 kHz (left) Fs = 100 sample/second (right) Fs = 250 sample/second 

 
Data Analysis 
For Fa = 20 kHz and Fs = 25 sample/second, we obtained : 
Noise Sampling 
0.2918   1.4521    2.4279    2.5280    3.3775   4.4216    3.9332    3.9704    5.8365    3.9022   1.8540      1.8039  
-0.3790   -1.8292   -2.0733  -2.0891  -3.7379   -3.9391  -5.9523   -5.4006  -4.9892  -5.3029  -4.5987  -1.5788  -
1.2334   -0.5750 
Quantization Level 
 0.2348  1.4090    2.3874   2.5049     3.3268    4.3835     3.8747    3.9138    4.9314    3.8747  1.8004    1.7612  -
0.4305   -1.8786   -2.1135   -2.1135  -3.7964   -3.9921   -4.9901  -4.9901  -4.9901  -4.9901   -4.6183  -1.6047  -
1.2916  -0.6262 
Coding 
10000110 10100100 10111101 11000000 11010101 11110000 11100011 11100100 11111110 11100011 
10101110 10101101 01110101 01010000 01001010 01001010 00011111 00011010 00000000 00000000 
00000000 00000000 00001010 01010111 01011111 01110000 

 
CONCLUSION 
The number of samples affect the converter output. More samples, we can obtaine the better 
results. 
If larger data bits can be converted, then analog data quantization is also more precision. 
ADC in this system was succes to convert analog data into digital data. 
DAC has been able to convert digital data into analog data from ADC. The resulting analog signal 
is already showing characteristic input signal but has not shown the best results.  
 
SUGGESTION 
Next, the system can be designed more optimally if it can take into account the better 
interpolation algorithms and filters that can provide the DAC output as expected 
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Abstract 
Undergraduate thesis documents of final year students from Fakultas MIPA UNLAM are available 
in the faculty library in hardcopy and softcopy. However, searching and retrieving these 
documents cannot be done easily and accurately. This paper presents an implementation of the 
vector space model for retrieving documents from the final project document collection. The 
system uses inverted index and has two main functions, (1) to build the inverted index and (2) for 
searching the collection. The system is tested using final project document collection and a query 
test set. The performance of the system shows average revelancy score 92.50% and average recall 
score 98.67%, which is better compared to searching using query string match. 
 
Keywords: information retrieval, undergraduate thesis, vector space model, tf-idf, bahasa 
Indonesia 
 
 INTRODUCTION 
Every year, the Computer Science undergraduate program in FMIPA UNLAM graduate around 40-
60 students. One of the requirements for the degree is writing and submitting an undergraduate 
thesis [1]. Each submitted thesis is available in the library, in physical copy (hardcopy) as well as 
computer files (softcopy). However, these copies are not indexed and organised. This makes it 
hard to search and access the collection quickly and accurately. Hence, a retrieval system is 
needed to ease and efficiate this searching and browsing process. 
One possible method is database querying. With this method, information about the thesis 
document, like title, author(s), subject, keywords, and abstract are stored in a database. 
Searching the documents involve submitting an SQL query to the database. By using SQL, the 
collection can be queried according to certain words or phrases. However this method has 
several weaknesses. 
The first weakness is that the sistem can only show query results which contain the exact query 
words or phrases. If the user is using the AND or the OR operator, then it will exact too according 
to the operator used. But information need of the user usually is usually more flexible than the 
query submitted. For example, a user wants to find documents about Local Area Network (LAN). 
By using a boolean SQL query, the user would be confused on how to formulate the query 
effectively. Is it “LAN” or “Local Area Net ork” or “’Local Are Net ork’ OR LAN” or some other 
combination? 
The second weakness is that the system could not rank the resulting documents. If the sistem 
found 50 matching documents, then it cannot choose which among the 50 is the most relevant, 
somewhat relevant, and not relevant. The user has to check individually to decide. 
Those two weaknesses can be eliminated by using a ranked retrieval model such as the vector 
space model. Information retrieval is part of computer science which study how to retrieve 
information (not data) from a collection of documents [2].  
The documents involved in information retrieval system usually have little or no structure [3]. 
The documents retrieved are aimed to fulfil the user’s information need. The user’s information 
need (called a query) are usually expressed in natural language, not structured like an SQL query. 
This is what differentiates information retrieval systems from database systems.  

mailto:f.indriani@gmail.com
mailto:dwikartini04@gmail.co.id
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In an information retrievel system, there are two main parts, indexing and searching. Indexing is 
making index about word appearences in documents, to quicken the search. Searching is 
accepting user query and processing which documents are relevant to the query. The process is 
shown below. 

 
 
Figure 1 Information retrieval process [3] 

 
Steps for indexing are: 
Document preprocessing. Prepro-cessing can involve stemming (to convert a word to its root), 
and eliminating common  ords using a  stop list (like “dan”, “jika”, “serta”, etc), 
Index building. In this phase, inverted index of the documents are build 
Steps for querying are: 
Calculating the vector query submitted by the user 
Calculating similarity of each document and the query 
Showing the query result 
 
Previous research about retrieving undergraduate thesis document has been done [4] using the 
Apriori algorithm. Using this model, association rules are created between keywords in the 
document collection. In the searching phase, associated words of the user query are searched. 
This paper intends to explain about the implementation of vector space model in retrieval system 
of undergraduate thesis collection. This model is chosen because it can overcome weakness of 
database query system mentioned above. First, an introduction is presented, followed by the 
methods used to build the system, and finally the testing of the system. 
 
METHODS 
Analysis and Design 
1. Requirement 
The system has two main functions: (1) build inverted index of the thesis document collection, 
and (2) querying, which includes accepting a user query in English or Bahasa, searching, and 
presenting query result. In addition to those two functions, the user should be able to manage 
the data about the document collection hence (3) managing thesis documents: adding, editing, 
and deleting thesis. 
Below (Table 1) is the input dan output of each function. 
 
Table 1 System functions 

No Function Input Output 

1 Create 
inverted index 

Request to 
build inverted 
index 

Inverted index 

2 Searching Query string List of documents ranked 
according to similarity 
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3 Database 
management 

Thesis data, 
request to add, 
edit, delete  

Show status of request, 
show list of thesis, show 
thesis detailed data  

 
2. Process Design: Indexing and Retrieving 
Two main process of the system are (a) building inverted index, and (b) retrieval according to a 
user string query. The steps of building inverted index are presented in Figure 2 (preprocess) and 
Figure 3 (main), while the retrieval process is presented in Figure 4. 

 

START
SQL SELECT to thesis 

database
Get one record

Build inverted index for 
each word in title, 
keywords, abstract

Any more records?Yes ENDNO

 
Figure 2 Preprocessing before building inverted index 

 
 

START

Extract word by 
word

Stem word

Is it stopword?

Word already in 
index?

Update word count

Add word to index

Get first word Get next word

Any remaining 
words?

ENDNo

Yes

No

No

Yes

Yes
Calculate IDF of 
each document

 
Figure 3 Building inverted index 
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START

Input string query

Eliminate stop word, stem words

Create query vector, calculate tf-idf

For each word in query vector, 
get inverted index entry and 

create document vector

Calculate similarity between query 
vector and each document vector

Rank results according to similarity 
and present to user

END

 
 Figure 4 Retrieval process 

 
2.2 Testing 
The document collection used for testing consisted of: 
Document set build from undergraduate thesis from the year 2012, total of 44 titles. 
Query test set which has 10 pairs of query and its corresponding relevant documents (Table 2) 
Table 2 Query test set 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
To evaluate performance, the metric used are relevancy and recall: 

 

%100*
___

___
Re%

documentsretrievedofnumber

documentsrelevantofnumber
levancy 

 

 

No 
Query 

Query String Relevant DocumentID Nb of 
Documents 

Q01. sistem pendukung 
keputusan 

4, 5, 8, 10, 15, 17, 23, 25, 
28, 32, 36, 37, 44, 48, 49, 
52 

16 

Q02. jalan terpendek 12 1 

Q03. sistem pakar 
penyakit 

16, 21, 26, 45, 47, 51 6 

Q04. fuzzy ahp 25, 48, 49 3 

Q05. jaringan wireless 35 1 

Q06. citra digital 20, 24 2 

Q07. data mining 
clustering 

19, 22 2 

Q08. algoritma certainty 
factor 

16, 21, 45 3 

Q09. aplikasi mobile 13, 27, 30, 31, 46 5 

Q10. aplikasi berbasis 
web 

11, 12, 18, 19, 23, 25, 32, 
34, 35, 47, 53 

11 
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%100*
___

______
Re%

documentsrelevantofnumber

systembyretrieveddocumentsrelevantofnumber
call 

 

This is the test scenario: 
Part A. Query using exact string match 
1. Connect to database 
2. Insert first test query in the format 
SELECT *  
FROM t_skripsi 
WHERE (abstrak LIKE '%sistem pendukung keputusan%') OR 
      (judul LIKE '%sistem pendukung keputusan%') 
3. Note retrieved documents 
4. Calculate %Relevancy and %Recall 
5. Repeat step A1-4 for test query number 2 to 10. 
 
Part B. Query using retrieval system 
1. Start application 
2. Build inverted index 
3. Set this variable: 
Threshold = 0,6 
3. Type first test query in the query textbox 
4. Press the search button (Cari) 
5. Note retrieved documents. 
6. Calculate %Relevancy and %Recall 
7. Repeat step B1-6 for test query number 2 to 10. 
 
4.  RESULTS AND ANALYSIS 
Result of exact string query (Part A) is shown in  
Tabel 3 and result of retrieval system (Part B) is in  
 
Table 4. 

 
Tabel 3 Performance of query using exact string match 

Query # Relevant Docs Retrieved Docs % Relevancy % Recall 

Q01. 4, 8, 10, 15, 17, 
23, 25, 28, 32, 
36, 37, 44, 48, 
49, 52 

4, 8, 10, 15, 17, 
23, 25, 28, 36, 37, 
44, 48, 52 

100 % 86.67% 

Q02. 12 - 0 % 0 % 

Q03. 16, 21, 26, 45, 
47, 51 

16 100 % 16.67 % 

Q04. 25, 48, 49 25, 48 100 % 66.67 % 

Q05. 35 35 100 % 100 % 

Q06. 20, 24 20, 24 100 % 100 % 

Q07. 19, 22 - 0 % 0 % 

Q08. 16, 21, 45 - 0 % 0 % 

Q09. 13, 27, 30, 31, 
46 

46 100 % 20 % 

Q10. 11, 12, 18, 19, 
23, 25, 32, 34, 
35, 47, 53 

- 0 % 100 % 

 Rata-rata  60.00% 49.00% 

 



WANet al. –Running title is about five words 

Proceedings of International Conference on NAMES 2015 | Undergraduate Thesis Information Retrieval Using The Vector 
Space Model 

410 

 

 
 
Table 4 Performance of query using retrieval system 

Query 
# 

Relevant Docs Retrieved Docs % Relevancy % Recall 

Q01. 4, 8, 10, 15, 
17, 23, 25, 28, 
32, 36, 37, 44, 
48, 49, 52 

8, 28, 52, 4, 44, 
25, 10, 36, 17, 
15, 37, 48, 23 

100 % 86.67% 

Q02. 12 12 100 % 100 % 

Q03. 16, 21, 26, 45, 
47, 51 

26, 16, 51, 21, 
47, 45 

100 % 100 % 

Q04. 25, 48, 49 25, 48, 49, 23 75% 100 % 

Q05. 35 35 100 % 100 % 

Q06. 20, 24 24, 20 100 % 100 % 

Q07. 19, 22 19, 50, 9, 22 50% 100 % 

Q08. 16, 21, 45 16, 45, 21 100 % 100 % 

Q09. 13, 27, 30, 31, 
46 

13, 46, 30, 31, 
37 

100 % 100 % 

Q10. 11, 12, 18, 19, 
23, 25, 32, 34, 
35, 47, 53 

12, 18, 47, 34, 
19, 11, 23, 32, 
25, 53, 35 

100 % 100 % 

 Rata-rata  92.50% 98.67% 

 
From testing query using exact string match, the average Relevancy and Recall are 60% and 49%, 
while from testing using vector space model retrieval system the average Relevancy and Recall 
are 92.50% and 98.67%. Hence the vector space retrieval model gives better performance. 
However, the Recall and Relevancy score of the system is not yet maximum (100%). Relevancy is 
not 100%, because there are some documents retrieved that are not relevant (Q04 and Q07). On 
the other hand, Recall is not 100%, because some relevant documents failed to be retrieved 
(Q01). 
 
1. Relevancy not 100% 
Two test items are not 100%. 
In Q 4, the query string is ”fu  y ahp”. The irrelevant document retrieved does not contain the 
 ord ”fu  y” but has high tf-idf for the  ord”ahp”, hence the similarity reach the threshold value 
set (0,6). 
In Q 7, the query string is ”data mining clustering”, t o irrelevant documents are retrieved. Both 
those documents contain the  ord ”data” and ”mining” but do not relate to the specific data 
mining topic that is requested , ”clustering”. This happen because in a query string, there are no 
information which words are more important or specific, and which are less important or more 
general. 
2. Recall not 100% 
One test item is not     . In Q  , the query string is ”sistem pendukung keputusan”. There are 
two relevant documents failed to be retrieved by the system. Both these documents only contain 
the  ord ”keputusan”, but not ”sistem” and ”pendukung”. Hence the similarity is belo  the set 
threshold 0.6. 
 Relevancy score can be improved by raising the threshold variable. While the the recall 
score can be improved by lowering the threshold score. Hence the threshold value can be raised 
or lo ered according to the user’s need,  hether they place more importance in relevancy or in 
recall. 
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CONCLUSION 
In this paper, we have presented an implementation of retrieval system of undergraduate thesis 
using the vector space model. The retrieval system is build using inverted index which contain the 
tf-idf value of each word in the document collection. The system can be used for undergraduate 
thesis retrieval system. In terms of performance, the average Relevancy score is 92.50% and 
average Recall score is 98.67%, which surpasses a retrieval system using exact string matching. 
In the fuure, this system can be generalised for retrieving more diverse document types not 
limited to undergraduate theses, for example research reports, research papers, articles, and so 
on. 
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