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President of Asia University‘s Speech 

 
Dear Participants, 

As you are preparing for the Annual Indonesian Scholars Conference in Taiwan (AISC-

Taiwan), I would like to take this opportunity on behalf of Asia University to welcome you to 

our campus. As globalization develops and Asia University goes international, a conference 

of this nature and scope will become a reality and even a necessity. Now Asia University has 

as many as 190 international students from 12 countries, an achievement indeed, given its 

relative short history. Of the 12 countries, Indonesia has the second largest student population.  

 

As the mission of AISC-Taiwan clearly states, it aims to foster cross-cultural exchange and 

understanding, and Asia University, as its outstanding sponsor, is happy to provide the 

platform to help Indonesian scholars here in Taiwan and back at home to gather together to 

generate new ideas to promote research related in Indonesia. I believe this conference will 

offer you great opportunities to share cutting edge knowledge concerning all facets in a 

country‘s development. I can also foresee some new thoughts and renewed enthusiasm for 

collaborative research and international academic exchanges will follow suit in the wake of 

this conference. Please take your time to enjoy a peaceful and invigorating stroll along our 

eye-catching campus while you are here. I wish this conference a big success. 

 

 

 
    President, Asia University 
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Chairman of AISC-Taiwan‘s Speech 

 
Dear Ladies and gentlemen, 

The Honorable Former Minister of Agriculture of Republic of Indonesia  

Dr. Ir. Anton Apriyantono, MS 

The Honorable Head of the Indonesian Economic and Trade Office to Taipei 

Drs. Harmen Sembiring 

The Honorable Deputy Dean of International College of Asia University 

Mr. Chen 

The Honorable Assistance of International College of Asia University 

Miss Ann Chiang 

The Honorable the Head of Indonesia Muslim Student Association in Taiwan 

Agus Andria, S.Si, M.Si, PhDc 

The Honorable Prof. Naoshi Kondo from Kyoto University, Japan. 

The Honorable Dr. Jen-Chyuan Lee, Director of Food and Fertilizer Technology Center. 

The respectable participants 

And all the committee of 2nd AISC-Taiwan whom I respect 

 

On behalf of organizing committee of 2nd AISC-Taiwan.  I have some points in my speech: 

First of all, we would like to welcome all of you to Taiwan, to Asia University and to this 

event, happy conference and wish you have a good time during this event. 

 

And then we also would like to say thank you so much for the keynote and plenary speakers 

and participants for joining this event, we do hope we can get a positive feedback from this 

event. 

 

Third of all we would like to say thank you and express our gratitude to our sponsor to Asia 

University as gold sponsor, thanks for helping us to fix everything regarding this event and 

encourage us to do our best and insist us to create international image for this event. And we 
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also would like to say thank you for the Indonesian Economic and Trade Office to Taipei for 

the help. 

 

And then I as a head of organizing committee would like to say many thanks to Organizing 

committee member of 2nd AISC-Taiwan for their effort in preparing everything for this 

event, they are the heroes for this event because they‘ve done their responsibility. 

 

Last of all, hen gaoxing renshi ni men, nice to meet you all, thanks for your attention, have a 

great day. 

 

Kind regards, 

David Agustriawan 

Chief of Organizing Committee of 2nd AISCT 
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ABSTRACT 

The community forest based for forest 

management has been viewed as the most effective 

for forest conservation. In the most recent years 

many countries has develop the forest management 

through community forest, nor Taiwan and  

Indonesia. Even the preparation of community in 

Taiwan was younger than Indonesia, the result for 

forest conservation effectiveness of Taiwan have to 

learned more to Indonesia. Therefore, there are 

several different procedure of manage the 

community, which is impact to the community 

capability and result from the community 

establishment background.  

 

Keywords: community forest, procedure, 

Indonesia, Taiwan. 

1 INTRODUCTION  

Indonesia is a country of many diversities, in 

1980 have been declared as mega-diversity country 

together with Brazil, Columbia, Mexico, Zaire and 

Tanzania, within land that consist of 13,000 islands 

at archipelago, and have population of 215 million 

people (Moeliono et al 2010). As known before  

that Indonesia not only home for many varies of 

plant and animals diversity but also etnic-social-

culture (tribe), that still reference to traditional 

norms and untouched with political roles in the 

countries. Their humble livelihood, bring many 

activities that support for forest conservation than 

exploitation. Exemplifies of Indonesia tribes were 

Dayak (Kalimantan), Asmat (Papua), Togutil 

(Halmahera Island-Maluku), etc. Those information 

of biodiversity given many perspectives, through 

conservation and also exploitation due to many 

needed that can be get and solved by this common-

pool resources.  

Since there are many demolition of forest 

through human intervention, today many countries 

are focused on forest conservation. The forest 

conservation is generally developed by government, 

then the application based on local knowledge are 

commonly used for effectiveness of forest 

conservation or rehabilitation. Indonesia that has 

been develop forest conservation based on 

community forest (social forest) since 1980 (Hindra 

2007), while Taiwan was develop it at 2002 (Wang 

2006), but the progress of community forest in both 

countries has many different result. Then the 

application of this study hopefully can learn more 

about the comparation and differentiation of both 

kind of forest management in community forest, 

which will be impact to the effectiveness of forest 

conservation, economy enhancement, and also 

social linking based on the forest community. 

2 METHODOLOGY 

This comparative study of community forest 

Indonesia and Taiwan was focused on the 

procedure, process and result of the community 

forest development. Those information basically 

based on literature study and fieldtrip survey. 

3 RESULT AND DISCUSSION 

3.1 Indonesia Approach 

Indonesia community forest are regulated by 

many policy which is regulated by  Ministry of 

Forestry (MoF) MoF Decree No. 622/Kpts‐ll/1995, 

MoF Decree No. 677/Kpts‐ll/1997 improving MoF 

Decree No. 622, MoF Decree No. 31/Kpts‐ll/2001 

improving MoF Decree No. 677. Based on Argo 

Mulyo Local Community Forest, the decision of 

community were based on notarized letter No. 

10/2003 on 14 May 2003 (Hindra 2007). The 

community forest that have been doing in Indonesia 

can be provided by community itself (self-

governance) or partnership with concessionaire. 

Since the objectives of the development of 

community are to improve the social, ecological, 

and economic value, the implementation of 

community forest resulting a vary condition. 

The preparation of community forest in 

Indonesia were based on the verification by Regent 

or Guvernor at the local district. The verification 

will decide the acceptance of the community based 

on organization of the community, livelihood, and 

mailto:desi_salazar_22@yahoo.com
mailto:ajeeeng_87@yahoo.com
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resources at the area. If the community were 

accepted as the formal community that can manage 

their forest themselves, they can utilize the district, 

environment, and non-timber harvested. They also 

can harvest the timber and non-timber production 

of the resources (Peraturan Menteri Kehutanan 

2009).  

Konawe Selatan district is one of the 

districts in South East Sulawesi Province The forest 

production area in Konawe Selatan covers 

1,264,798 hectares, part of which is a degraded area 

of 283,725 hectares. In the 1980‘s the area was 

classified as production forest and was reforested 

with a teak wood plantation covering an area of 

approximately 38,000 hectares. At the start of the 

project the main goal was forest rehabilitation and 

community participation was not initially 

encouraged, except to serve as paid labor.  Under 

Ministry of Forestry regulation No. 1/Menhut-

II/2004, however, the area of about 15,112 hectares 

covered by a teak plantation was assigned to be 

managed by the community. The total number of 

community members involved in the work of this 

teak plantation is 1,360 families located in two sub-

districts, scattered amongst 46 villages. The 

community manage the forest by followed 

principles of community foresty: sustainable and 

benefit, self sufficient, cooperation and partnership, 

transparency and integration, continous and 

gradual, local specific. This area also consider by 

stakeholders; government, NGO and community 

itself. The main strategy of the management consist 

of area management (to ensure the exixtence of a 

definable area by identification, inventory, 

boundary marking and mapping), business 

management (continuity of profitable by local 

business), and institutional management 

(independence of social institution as main actor of 

it).   

 Wirakarya Sakti (WKS) is a timber 

plantation holder with a concession area of about 

251,218 hectares in Jambi Province. The timber 

produced from the area supplies the company‘s 

paper and pulp industry. The capacity of the factory 

is 430,000 tons per year and it is estimated to need 

about 1,935,000 cubic meters of Acacia logs per 

year to operate the factory at full capacity. The total 

timber plantation area is about 78,676 hectares. Part 

of the concession area could not be planted, though, 

because of a dispute over community ownership, 

leaving about 33% of the total concession to be 

managed under partnership schemes. The 

partnership scheme with WKS is based on land 

status. The patterns established are a Partnership in 

Private Forest (HRPK) developed under private 

land and a Partnership in Plantation Forest (HTPK) 

established in Community land (lahan adat). The 

distribution of roles in providing production input 

among WKS and the community has two schemes. 

In the first, WKS maintains full control and all 

seedlings, fertilizers, infrastructure, technology and 

capital for the project is provided by the company. 

The community is involved by providing the input 

of land and labor. In this scheme, the business risk 

is born together by the company and the 

community. The net product is equally shared 

between the company and the community - 50:50. 

In this scheme, the company has control of the 

product. The second scheme gives full control to 

the community and seedlings, labor, and 

technology are provided by the community. The 

company provides a limited amount of technical 

guidance. In some cases, the company provides 

seedlings and credits. In this second scheme, all 

risk will be borne by the community. However, in 

this second scheme the community is free to sell its 

products to any company they choose, whereas in 

the first scheme the timber products must be sold to 

the cooperating company. 

There are also the process of community 

based on forest in Agro Mulyo was focused on 

timber production of teak plantation (Tectona 

Grandis), and the benefit of money were share for 

the community itself 80%, the village 10%, and 

Forest District 10%. Therefore the management of 

community forest with the  consessionare were 

basically based on timber and resources that has 

commercial effect economically, then it will result 

for the social affluence of the community.  Today 

Indonesia facing the new regime of policy, after the 

fall down of Soeharto regime in 1998, Indonesia 

also made a new mechanism of policy from 

centralize into decentralize (UU No.22/1999).     

government was not too ready to applied the policy, 

while some regional government have been done 

many things outmatch the policy that have not done 

at state level. Due to the lack and exceed of policy 

and implementation, then it also impact to the forest 

management that used to get profit profusely. Since 

those decentralization regimes, many regional 

government and also village elite doing forest 

exploitation to get high value income of forest 

economy by logging or palm-oil plantation. 

 Therefore the forest management based on 

local perspective is dominantly located on the 

degraded area, then local people have to rebuild and 

re-develop the forest than get the benefit directly 

from it (Jong 2002). Today there are alao a new 

paradigm of forest management with the new issues 

related to REDD that help to conserve the forest 

also save the carbon, which is involved by Lubuk 

Beringin (Akiefnawati et al 2010). 
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3.2 Taiwan Approach 

Taiwan community forest were generally 

centered by forest government, and it works locally 

through the forest government district. The 

procedure to establish a community forest is 

complicated. They have to prepare the forest 

management, before the community has allowed by 

forest district, they have to rehearsal for the 

development of the community for 2 years. If the 

rehearsal for the management forest at the area are 

succeed then the forest district can allow the 

community to get the formal regulation of the 

establishment. There are maximum three stages that 

community can be joined through the CFP 

(Community Forest Project). The first stage are 

four years, while the community get involved to the 

first stage they also can get the money to build up 

the community every end of the year (up to 

100,000-200,000 NT$), but they also have to 

consider about the progress of the community that 

have to reported also. The focus of the first stage of 

the CFP are the consideration of encouragement of 

the community to get involved together to conserve 

the forest resources, which is unique at the 

community. Therefore the development of the 

community also require the social linking of the 

people to manage their forest and get the benefit of 

it. 

The second stage of the CFP which is 

focused on the enhancement of economical benefit 

that can be obtain by community. Therefore in the 

second stage (if they accepted by TFB (Taiwan 

Forest Bureau)) they have to provide the detil 

explaination of  the forest resources management 

that will obtain by the CFP. There are several main 

aspect as the goals of CFP in Taiwan, as natural 

resources, forest protection, and forest recreation. 

By those reason the CFP program of Taiwan 

dominantly extend the eco-tourism activities as 

another approach of the community. The third stage 

is the last stage that community can be involved to 

CFP program. The focus of this stage are co-

manage of forest with the government. They made 

a contract of forest management with the 

government. Today there are none of the 

community forest in Taiwan have been entered the 

third stage. 

One of the community in Taiwan is Chiushi 

community forest in Tainan County. The 

community was entered the CFP since 2001, and 

today this community have been involve for the 

second stage. The community that lead by Mrs. 

Yeh was focused on the forest monitoring, 

conservation, and ecotourism. The most unique 

resources of  the community are rare vegetation, 

Begonia ravenii, which is grown in the specific 

location at the precipitous slope, there are also 

bamboo plantation, and animal conservation such 

as snake, and insect. Therefore the forest 

monitoring and conservation was establish to 

evaluate those resource of the forest. Other 

consideration of the community is ecotourism, 

which is effective to build the local industry of 

community that based on agriculture harvest, 

especially mangoes. Then the general goals of 

community which is focused on the forest 

conservation and community benefit can be 

acquired through the CFP of Chuishi community 

forest. 

By those consideration it shows that in 

Indonesia the community forest only can be 

develop if the resources are economic commercially, 

such as timber, palm oil, etc. Then the community 

gives an incentive to the government by the effort. 

The forest conservation are also considered, and 

dominantly the focused are build up the community 

economically by forest resource (Purwoko 2002). 

Generally they build up their prosperous way by 

join with other institution or not. While in Taiwan, 

the CFP are maintain the community capability not 

only the main goals as forest conservation and 

management, but also social-linking that formally 

build by the structural procedure that they have to 

be provide. The government also build up by 

guarantee the funding of community. Therefore the 

are such different approach of Indonesia and 

Taiwan community forest, by the procedure, 

process, and also the main result of the community 

itself. 

4 CONCLUSION 

By this study, it revealed that there are 

different procedure and goals of the establishment 

of community forest. Those different also impact to 

the result of forest conservation and economical 

impact for the community itself. Therefore learn 

more the community approach by Taiwan CFP are 

important to solve the forest conservation due to 

many demolition of forest that happened in 

Indonesia.  
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ABSTRACT 

There is a common understanding that social 

capital is one of the determining factor in the 

economic and agricultural development. 

Developing the social capital model, could be 

analyzed as the important role of investment on 

social capital in agricultural sector. The unit 

analysis in this paper is agricultural sector in 

Madura, Indonesia. As Indonesian farmer, 

especially Madura farmer, are still attached by great 

importance of having good relation with neighbors 

and relatives in their community. These relations, as 

representation of social capital, are expressed into 

various types of co-operation, such as; gotong 

royong (mutual help), arisan (rotational saving 

system), paron (share tenancy system), etc. Farmer 

or household gained benefit from the existence of 

the social capital in enhancing agricultural sector. 

Public or private institution as an important actors 

in agricultural sector, should promote social 

investment to encourage social capital in the 

community. In addition, government intervention 

had imposed improperly, so it ruined the social 

capital practices in community related with local 

institutions. However, government intervention as 

investment of social capital needed to be careful on 

identification process of existence of social capital 

in community, as well as government effort to link 

―bonding‖ and ―bridging‖ of the social capital. 

 

Keywords: Social capital, Agricultural sector, 

Economic development 

 

1 INTRODUCTION 

Economic development is influenced by 

economic and non-economic factors. However, in 

some researches had concluded that social capital is 

an important factor in the development process. 

According to Miguel, et.al (2001),  social capital is 

a crucial factor in affecting the economic 

development. Also from Georgi (2003) emphasized 

the importance of social capital factor in economic 

development. Grotaert and Narayan (1999) have 

stated that with another dimension of social capital, 

it gives a significant contribution to the household 

welfare as a capital for the poor community. With 

the use of social capital index in the level of 

household and community, it resulted a high return 

in human capital (Narayan and Pritchett, 1999). 

Based on data from 29 countries, Knack and Keefer 

(1997) has been noted the positive relation between 

trust and the level of investment among them. 

Social capital refers to institutions, 

relationships, and norms that shaped the quality and 

quantity of a society‘s social interactions. It 

included the shared values and rules for social 

conduct which expressed in personal relationship, 

trust, and a common sense of ―civic‖ responsibility, 

thus it made society more than a collection of 

individuals. Conceptually, social capital is rules, 

norms, obligations, reciprocity, civil engagements, 

and trust embedded in social relations, social 

structure and society‘s institutional arrangements 

which enable members to achieve their individual 

and community objectives by facilitating 

coordinated actions. (See Coleman (1988), Narayan 

(1997), Putnam et.al (1993), Uphoff (1999), Dhesi 

(2000). Accordingly, those social capital 

components that has been raised from the 

community have had directed and phased up an 

interaction among individual and group to adding 

up the contribution in economic and social 

development. 

According to Fukuyama (1995) Social 

capital consists of norms and value that could easily 

facilitate exchange, transaction costs reduction, 

decreasing costs of information, possibly illegal 

transaction, increasing community responsibility 

and collective human resources mechanism. In 

addition, according to Coleman (1988); social 

capital mechanism aimed to increase a profitable 

collaboration through the role of social capital in 

reciprocally as an information channel. Knack, 

Stephen (1999); argues that social capital reduces 

uncertainty and transaction costs, social capital help 

solve the problem of social order by overcoming 

collective action problems. Social capital and 

community function enforce property and contract 

rights to reduce uncertainty and transactions costs, 
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enhancing the efficiency of exchange, encouraging 

specialization, and promoting investment in ideas, 

human capital, and physical capital. 

Based on the important role of social capital, 

it needed to encourage social investment to put 

forward social capital in agricultural development 

process. This paper will analyze the existence of the 

role of social capital in Madura‘s agriculture. With 

the result of analysis, it can be found the best form 

of intervention on social capital as investment 

process. Those interventions can be held by public 

or private stakeholders. The social capital practice 

also can be a lesson learned to make social capital 

more profitable in development process.  

2 SOCIAL CAPITAL IN 

AGRICULTURAL SECTOR  

In Economic development, agriculture 

becomes an important sector that should be 

effectively growing up in reaching better condition 

in a developing country like Indonesia. In order to 

achieve this goal, agriculture sector needed to have 

a technological approach as well as much more 

innovation in agricultural technology. In addition, 

the role of stakeholders in agricultural sectors, 

whereas; public (state), private and civil society 

should be redefined. Market and state might work 

well for entirely condition, and the role of 

community as social capital‘s representation could 

be substituted and complementary objects in 

providing local public goods. However, in this 

sense, the social capital through group of people or 

―community‖ or others could play the role in three 

mechanisms; firstly: as information sharing among 

members of the group, secondly: the reduction of 

opportunistic behavior, then third: the facilitation of 

collective decision-making (Grootaert, 1999). 

To measure the role of social capital that 

exist in community, Onyx and Bullen (2000) 

develop questionnaire which are grouped as 8 

factors that indicated as social capital increasing 

points, such (as constituting social capital). the 8 

factors consists of participation in local community, 

proactive in social context, feelings of trust and 

safety, neighborhood connections, family and friend 

connections, tolerance of diversity, value of life, 

and work connections. The other model was 

developed by Narrayan and Cassidy (1999) to 

measure social capital that exist in community, that 

is based on group characteristics, generalized 

norms, togetherness, everyday sociability, 

neighborhoods connections, volunteerism, and trust. 

Using combination both models could be analyzed 

the existence of social capital and its role in 

agricultural sector in Madura, Indonesia. The 

finding research could be generate as a investment 

model to enhance agriculture sector. 

In some literature, there are two types of 

social capital called ―bonding‖ and ―bridging‖ 

social capital (Gittel and Vidal, 1998). Those two 

types of differentiation based on network view 

(Woolcock and Narrayan, 1999). Furthermore in 

explaining those two words; ―bonding‖ social 

capital is an intra-community bounded then 

―bridging‖ social capital is an extra – community 

network. In fact that those two combinations that 

have been raised from community itself would 

affected on their own welfare. Thus also those two 

strong bounded combination between bonding and 

bridging social capital could create a better 

condition (such as, successful user of micro credit 

among member of the group). Mechanism that may 

apply has made a vision of each member of the 

community felt of having advantages from intra 

community things; however it needed also to have a 

valuable skills and resources to make it as a strong 

and wider networking in order to foster the 

economic development. 

The basic element of social capital that 

established in agricultural community in Madura is 

gotong royong. It is mutual cooperation and human 

interaction among community member. They 

shared social spirit, job work (on-farm as well as 

off-farm), knowledge, even their wealth. It is linear 

with research finding of Iwamoto and Subejo 

(2004). They characterized a wide variety of mutual 

cooperation practices in rural Java as an 

institutionalized stabilizer. Farmers usually 

involved on-farm job from planting to harvesting as 

collective action in a farmer group.  Farmer groups 

are generally based on brotherhood and 

neighborhood. As exist of gotong royong, farmers 

as member of community group gain benefits by 

transaction cost and information cost reduction, and 

transfer knowledge.  

The other form of social capital that still 

grows is arisan. Members of group deposit sum of 

money that has been in agreement. The collective 

cash is revolved rotationally among of members. It 

seems rotational saving group. This practice is 

commonly associated with small, informal co-

operatives, which are often grows in 

traditional-style associations. This process 

obviously needs a high level of trust, mutual 

support and reciprocity. Saving system that 

flourishes in agriculture sector is lumbung 

desa. Farmers separate some amounts of crops 

out and it is stored in lumbung desa. It function 

is for social safety nets. Member of groups can 

withdraw the crops from lumbung desa if 



The 2nd Annual Indonesian Scholars Conference in Taiwan                                                                                                  
 

9 

 

ISSN 2086-5953 

 

farmer need it for seed in next cultivation 

season. This practice boost networks intra-

community. As Putnam (1993) notes that networks 

of civic engagement contribute to economic 

prosperity. Narayan and Pritchett (1999) also find a 

positive correlation between dense social networks 

and economic development.  

The relationship between farmer and land-

owner can be perceived in paron system. That is 

share tenancy system between farmer as labor and 

land-owner. This relationship based on mutual 

agreement. Farmer as worker has responsibility to 

cultivate the soil and will get the sharing of crops. 

This practice erodes resistance of class structure. It 

is also a type of income redistribution in 

community. ―Bonding‖ mechanism as intra 

community relationship can be strengthened by this 

paron system.  The networks of trust and 

cooperation as bridging social capital created span 

the private-civil society boundary and binding 

private and civil society together. 

The existence of many forms of social 

capital in agriculture sector rotational saving group 

system and social safety nets is as a bounded line 

among member of the group. Trust and reciprocity 

as elements of social capital give an advantages for 

member of the group. The growing social capital in 

community as an institution and generalized norms 

can grow sustains. Those are become a community 

stabilizer of household as member of it. In this case, 

social investment could be an intermediary to extra-

community establishing a mutual coproduction. 

Farmer group, gotong royong, arisan, lumbung 

desa, and paron as social capital representation give 

a self-guarantying to community member in gaining 

chance to get social and economic welfare. 

Somehow all of those could be achieved by co-

operation activities that meet individual and 

community needs. 

3 PROMOTING SOCIAL CAPITAL 

INVESTMENT IN 

AGRICULTURE SECTOR 

The imperative issue about social capital is 

the underlying stock of social capital. The critical 

discussion is endowments-based social capital vis-

à-vis constructability-based social capital. Most of 

social capital that flourishes in Madura agriculture 

is from local endowments and historically rooted in 

the community. The important thing of 

endowments-based social capital is its role in 

creating virtuous circle in which civic engagements 

nurtured a civil society and a civil society in turn 

fostered civic engagement. As Putnam (1993) 

argues that civic engagement boost good 

governance in Italian.  

In this case, cooperative patterns of 

interaction among member of community as stock 

of social capital occur and facilitate particular 

activities in Madura agriculture. Yet it is not 

exceptional and unable to make it robust.  Recently, 

gotong royong practice is descending, as well as 

intensity or involved persons. Norms, value, interest 

conflict as well as political policy are determinant 

factor in diminishing this practice. So, it is obvious 

that strengthening of gotong royong institution in 

agricultural system needed as community stabilizer.  

Endowments-based on social capital 

perspective might set limits on investment of social 

capital within civil society. However, the issue of 

constructability and starting point to any 

technologies of institutional change that enhanced 

the possibilities accumulation of social capital stock 

are crucial things to be analyzed. Investing in social 

capital is a way in accumulating stock of social 

capital. The stakeholders of agriculture should focus 

the way of investment and resources that should be 

involved in this process. The intertwining of ties 

among stakeholders to create developmentally 

effective social capital can even characterize what 

are usually thought of as institutions rooted strictly 

in civil society. The interstices between state and 

society can accumulate social capital on the best 

shaping. 

Farmer groups as social capital 

representation in agricultural sector is still 

challenging in pertaining the social capital things in 

agriculture innovation. Social capital involvement 

in agriculture innovation could be viewed from 

many dimensions and from its own quality; then it 

also there are many choices come from many 

stakeholders to strengthening itself. Furthermore in 

micro level, social capital could become a building 

block in growing agricultural sector through a local 

innovation, bonding (intra community) mechanism 

and or bridging (extra community). According to 

Narayan (1999) it can be noted that those 

intervention formulized as complementary and 

substitution. In figure 1 below, the complementary 

can be done by state if bridging social capital in 

high level. The combination between complement 

and embedment of social capital might result social 

economic well-being. Complementary policy that 

based on the public provision of intangibles can 

also take forms quite independent of the provision 

and enforcement of rules. For example is the 

creation and diffusion of new knowledge by 

agricultural extension services. Collaboration 

between state and society seem as an ideal. 
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Source: Narayan (1999) 

Figure 1: Relationship between Bridging Social Capital and 
Governance 

Social capital based on it sources could be 

categorized as: civic social capital and 

governmental (institutionalism) social capital 

(Subejo, 2008). Political-will, however, attaches 

positive impact on social capital formation as one of 

the important by products of complementary. 

Providing dams or reservoir is standard example of 

complementary social capital. It creates a basis for 

productive interaction among member of groups. It 

is pre-condition for coproduction that would be 

incentives for collective action. This perspective 

extends the standard analysis of public goods to 

include the possibility that provision of such goods, 

in addition to facilitating private production of 

conventional goods, may also contribute to 

―enhancing farmers‘ capability and willingness to 

relate to, and to work with, one another‖ (Knack, 

1999). Interaction between state and communities is 

in turn essential to organizing complementary. In 

addition to promoting social capital formation in 

civil society, the complementary supports 

embeddedness. So, understanding how such state-

community cooperation might flourish more widely 

should be a priority for those interested in 

agricultural development. Complementary without 

public policy intrusion at community level would be 

the ideal practice. 

Substitution social capital could be filled in 

by state if civil society cannot provide it. Providing 

inputs for themselves and then maintaining a 

―hands-off‖ stance with regard to activities would 

be good way in order to keep local endowment 

habitually. Direct involvement of the state in the 

operations of local systems should not undercut the 

development of the collective institutions that 

farmer-managed systems. One of the aspects of this 

substitution input is that it enhanced the extent to 

capital formation in the community. State can 

provide management training and infrastructures, 

since arisan and lumbung desa need efficient 

management to run it in better way. It elicits 

entrepreneurial behavior of farmers.  Embedemnt in 

the form of direct involvement of the state is a basic 

element in getting society efforts organized and 

sustaining society involvement. As Fox (1992) 

argue that the role of state actors in translating local 

networks into developmentally will scale up 

organizations. Effective states delivery will 

strengthen and increase the efficiency of local 

institutions.  

 In Madura agriculture, government 

intervention, by shaping formal farmer group, is not 

usually success to make strong-ties in intra-

community relationship (―bonding‖ social capital). 

Formal farmers group that is shaped by government 

is just ad hoc group which is needed to meet 

standard requirement of government agricultural 

program. There is relatively no a norm, value or 

trust that should be. Most respondent state that 

dysfunction of formal farmer group caused no 

generalized norms in the farmer group community. 

It makes intra-community relationship weak. 

Government intervention as investment of social 

capital need careful inventory process of existence 

of social capital in community, as well government 

effort to link bonding social capital with bridging 

social capital. Social institutional analysis should be 

used wisely to identify the range of stakeholders 

and their relations. The important understanding are 

that power share, political interest, and goals of 

stakeholders are influenced each other by 

government policy intervention. Form of 

intervention should be viewed smartly to avoid 

moral hazard caused those policies.  

It needed to have an authority and 

collaboration or synergies between players (actors) 

in agricultural sector; those are government, private 

sector and civil society in shaping policy forums for 

having aim in common. Adversely, mediating 

variable could be also formed by government and 

private sectors that raised a positive impact on 

developing outcomes. This makes ―investing‖ in 

social capital an inherently contentious and 

contested—that is to say, political—process, one in 

which the role of the state is crucial, not marginal. 

Moreover, the fundamental social transformation of 

economic development—from traditional kinship-

based community life to societies organized by 
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formal institutions and arm‘s length exchange—

itself alters the calculus of costs and benefits 

associated with the particular dimensions of social 

capital, and thus the desirable combinations of these 

dimensions at any given moment in time (Berry 

1993). But development struggles are not always 

won by the most powerful, nor must a challenge to 

authority always entail violent conflict. Similarly, 

patient efforts by intermediaries to establish 

partnership between associations of the poor and 

outsiders can reap significant dividends (Isham, 

Narayan, and Pritchett, 1995). As Uphoff (1992) 

astutely recognizes, paradoxical though it may 

seem, ―top-down‖ efforts are usually needed to 

introduce, sustain, and institutionalize ―bottom-up‖ 

development.‖ State should not saw the community 

as objects whose behavior they wanted to change, 

but as people from whom they wanted respect and 

trust. 

4 CONCLUSION AND DISCUSSION 

Social capital is determining factor to 

enhance economic development in a country. 

Therefore, it needed to promote continuously social 

investment to maintain social capital in 

development process, particularly in agricultural 

sector. Public and private, as stakeholders in 

agricultural development, should involve in social 

investment. Government-society collaboration can 

be a spur for development. Norms of cooperation 

and networks of civic engagement among ordinary 

citizens can be promoted by public agencies and 

used for developmental goals. However, public 

intervention should be done carefully to avoid 

contra productive activities. Identification of social 

capital existence is first step to aware where 

government should be. 

In future research, it should be analyzed the 

best intervention practically both public and private 

in order to accumulate social capital in the farmer 

community. To make social capital in advance 

needed social engineering as social investment in 

the farmer community. Next research could be held 

more comprehensively about advantage and 

disadvantage of social capital may vary in the 

countries.   
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ABSTRACT 

Indonesia is blessed by a productive coastal 

line. The coastal line enables the development of 

Mangrove as one of the potential solution of global 

warming mitigation. Mangrove has been known as 

an asset from coastal area that plays a vital role in 

absorbing CO2 (prevents the green house effect) and 

also maintaining the micro climate. Mangrove is 

promising to be preserved because it has a good 

adaptability to respond the environment condition 

such as low oxygen availability or high salinity. 

The preservation of Mangrove must be 

conducted through an integrated system where all 

the interested parties are being actively involved. 

The same understanding and direction must be 

targeted to foster the preservation. To make it 

happen, all the stakeholders such as government, 

private sector, and civil society must come together 

in a inter-stakeholder to find the best resolution to 

be applied holistically so that the preservation 

policy could be implemented thoroughly and trigger 

a lot bigger positive impact to fight against global 

warming. 

 

Keywords: Mangrove preservation, global 

warming, mitigation, integrated policy 

 

1 INTRODUCTION 

Global warming is defined as an increase in 

earth temperature (about 1 degree Fahrenheit per 

year) in this last century; this phenomenon is 

perceived as a threat towards the continuation of 

human civilization ahead. According to 

Ravindranath dan Sathaye in Advance Change 

Global Change Research, the Third Assessment 

Report of the IPCC (IPCC, 2001a) has confirmed 

that the global average surface temperature has 

increased by 0.6°C±0.2 during the century and that 

the 1990s was the warmest decade recorded since 

1861. There is stronger evidence to suggest that the 

warming observed over the last 50 years could be 

attributed to human activities.  

The actual impact of global warming is a 

consistent increase of sea level that might endanger 

the coastal area. Apart from that global warming 

has also destroyed some vegetations and animal 

species in these last decades. Global warming is 

engendered by a phenomenon called green house 

effect that traps the short wave infrared in the earth. 

The green house effect is stipulated by an excessive 

level of carbon dioxide that released from industrial 

process especially in the developed countries. The 

green house effect is also worsened by massive 

deforestation in the developing countries. It is 

inevitable to declare that the coastal area is also 

being impacted by global warming beside the land 

and the ocean.  

The current status quo signifies that people 

tend to neglect the impact of global warming on the 

coastal area. The coastal area (especially villages 

located in this area) is a natural border between the 

land and the ocean (Satria 2009). This area plays a 

vital role to foster the marine activities as it 

preserves the marine productivity and also 

minimizes the adverse effect of abrasion or big 

wave. The existence of Mangrove as the coastal 

vegetation will strengthen the coastal area function. 

Indonesia has one of the biggest Mangrove forest in 

the earth which comprises 75% of total Mangrove 

in South East Asia and 27% in the world. Beside its 

physical function as barrier that protects the coastal 

area from abrasion, Mangrove is also known as a 

good carbon absorbing agent that could absorb the 

CO2 and release O2. So that, it is potential to 

proliferate and preserve the Mangrove ecosystem in 

order to perform a better mitigation action against 

global warming. 

In these recent years, Indonesia has been 

facing an inconvenient fact about the productivity 

of Mangrove forest. The Mangrove cultivation area 

is showing a consistent decline from 4, 45 million 
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hectares in 1982 to 2, 5 million hectares in 1993 and 

now it has reached 1,5 million hectares in 2009 

(Rochana, 2010). These data show a huge rate of 

deforestation that reached 200.000 hectares/year. 

The deforestation is caused by human activities that 

utilize the Mangrove area to be fish spawning 

ground and some others are converted into 

settlement (Rochana, 2010). In addition, Babo 

(1998) mentioned the main problem for mangrove 

forests in Indonesia is their degradation due to 

conversion to fish or shrimp farms, locally known 

as tambak. Mangrove forests are also over-exploited 

for firewood, house construction, and making 

fishery tools. As an indication of the severity of the 

problem, the mangrove forests in South Sulawesi 

have been reduced by 65%, from 113,000 ha to 

39,000 ha. The mangrove forest is a unique 

ecosystem that is very sensitive to disturbance. 

Actually, the Mangrove ecosystem is also suffering 

from the bad effect of global warming, and this 

condition is aggravated by those massive 

conversions (Santoso, 2000). Based on those 

reasons, it is important to find the solution on how 

to impede the further deforestation and save the 

Mangrove forest as one of our important asset in 

fight against global warming, so that the coastal 

area will contribute a lot bigger role in the 

mitigation efforts. 

Thereby, this paper proposes strategic 

actions to utilize a less concerned potential which is 

coastal area as a solution to overcome the negative 

impact of current global warming phenomena by 

enforcing the preservation of Mangrove as an 

indigenous vegetation of coastal area. The 

comprehensive study is conducted to find an 

integrated method to support the Mangrove 

preservation. Inter-stakeholders collaboration to be 

the most important part of this integrated method. 

Further, expected to contribute significantly in 

preserving Mangrove and attract more parties to 

show their concern in this action. Thereby the 

Mangrove ecosystem can run its function properly 

as mitigation solution against global warming. 

2 THEORY,  ANALYSIS, AND 

HYPOTHESIS 

Coastal area is still perceived as less 

beneficial area to contribute in global warming 

mitigation. people tend to highlight more into the 

role of tropical forest as the global warming 

controller. For a country like Indonesia, which has a 

long and productive coastal line, the importance of 

coastal area would be very significant. Beside, 

mangrove forest the coastal area also has another 

potential which is coral reefs. Coral reefs is also 

well known as "sea forest" because of its ability in 

absorbing CO2 and performing the same anti-global 

warming activity as tropical forest. The current 

effort done by government is mostly on coral 

protection, while mangrove is still being untouched. 

The data from Indonesian Coral Association 

(Yayasan Terumbu Karang Indonesia) show that 

Indonesia has one of the longest coastal line which 

is 81.000 km, this number is equal to 14% of world 

coastal line length. This coastal line is exactly the 

habitat for mangrove, so that the preservation of 

mangrove in Indonesia is very promising. Besides, 

Indonesia's coastal line is very productive because 

87% of the coastal line can be utilized as fish 

spawning media and also mangrove cultivation 

area. Therefore, coastal area is very significant for a 

country like Indonesia. In the future, the mangrove 

preservation in Indonesia can be promoted as one of 

the mitigation effort against global warming. 

2.1 The Theory 

2.1.1 Mangrove and Its Role in 

Minimizing Global Warming's 

Impact 

According to FAO (2007) the term 

‗mangrove‘ has been discussed by experts and 

scientists for years (Tomlinson, 1986). It is 

commonly used to identify trees and shrubs that 

have developed morphological adaptations to this 

tidal environment (e.g. aerial roots, salt excretion 

glands and vivipary of seeds), as well as the 

ecosystem itself. Mangrove performs huge 

capability in preventing the worse effect of global 

warming. According to Mangrove Information 

Center during their annual seminar in 2003, it was 

revealed that Mangrove has double function in 

terms of economic and ecology, it is simply because 

Mangrove is classified as renewable natural 

resources. In terms of ecology, Mangrove protects 

the coastal area from sea abrasion or storm; it is 

also functioned as a habitat for some living biota 

such as fish, shrimp, and crabs. These ecological 

functions would lead into economic function, 

because the existence of Mangrove in the coastal 

area will increase the marine productivity that can 

help out people live in terms of economy. The land 

construction for Mangrove through sedimentation 

process also keeps the water quality (reducing water 

pollution), absorbs CO2, and releases O2 in the 

bigger amount compared to other forest types. 

On the other hand, Mangrove area also has a 

high primary net production value that consists of 

biomass (62,9-398,8 tons/hectare), guguran serasah 

(5,8-25,8 tons/hectare/year), and riap volume (20 
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tons/hectare/year and 9 tons/hectare/year for 20 

years old Mangrove). This big number of primary 

net production value will significantly generate the 

food chain in the coastal area especially for the 

biota and support the live of coastal people. In the 

larger scale, this Mangrove ecosystem occupies a 

small proportion compared to the other type of 

forest, nevertheless it plays a vital role in supporting 

the coastal people live in terms of ecology and 

economic. Mangrove ecosystem is relatively fragile 

to disturbance and once the ecosystem destroyed, it 

is hard to be rehabbed. Mangrove ecosystem 

altogether with other coastal ecosystems such as 

coral reef and seagrass ecosystem contributes 

greatly in stabilizing the coastal area as natural 

biodiversity. 

The data from Indonesian Coral Association 

show that Indonesia has one of the longest coastal 

line which is 81.000 km, this number is equal to 

14% of world coastal line length. This coastal line 

is exactly the habitat for Mangrove, so that the 

preservation of Mangrove in Indonesia is very 

promising. In the future, the Mangrove preservation 

in Indonesia can be promoted as one of the 

mitigation effort against global warming. 

Nonetheless, Mangrove performs a great 

adaptability; this vegetation could adjust itself to 

comply with the environment condition so that it 

becomes adaptive. According to Bengen (2001) in 

Rochana (2010), Mangrove has several types of 

adaptation to respond the environmental changes: 

1. Adaptation to respond the low availability of 

oxygen has made Mangrove to possess a 

unique root system: 1. Chicken crawl root 

type with pneumatophore (such as Avicenna 

sp, Xylocarpus, and Sonneratia sp) to obtain 

sufficient oxygen from the air 2. Buffer root 

type with lenticels (such as Rhyzophora sp) to 

expand the oxygen absorption area. 

2. Adaptation to respond the high level of 

salinity by possessing special cells inside the 

leaf that are responsible to store the excess of 

salt. The leaf structure is also designed thicker 

and firm containing a lot of waters to balance 

the proportion of salt and water. The leaf 

structure also has special stomata to reduce 

the water evaporation.  

3. Adaptation to respond unstable soil structure 

caused by sea activity (neap and tide) by 

developing an extensive root system and 

forming a wide horizontal tissue. Besides 

supporting the tree structure, this extensive 

root system is also functioned to gain more 

nutrients from the soil and erosion. 

These types of adaptation made Mangrove as 

an adaptable commodity that can be cultivated 

easily. These types of adaptation also allowed 

mangrove to be a good agent in alleviating the 

negative impact of Global warming because of its 

extensive ability in absorbing Carbon and maintain 

the micro climate. Photosynthesis activity converts 

inorganic carbon (CO2) into organic carbon that will 

be stored as vegetation materials. For some plants, 

these vegetation materials as the result of 

photosynthesis will be spoiled, and its spoilage 

process will release CO2 to the atmosphere.   

However, the organic materials in Mangrove 

mostly more resistant to spoilage, so that Mangrove 

forest will be better functioned as carbon absorbing 

agent since it won't release as much CO2 as other 

plants. The evapotranspiration rate of Mangrove 

also can control the humidity and rainfall rate in the 

coastal area, so that the micro climate can be kept 

stable (Davis (1995) in Anonym (2009)). 

The stipulation of Mangrove preservation as 

a strategic mitigation action towards global 

warming is very logical. The natural resource laid 

on the coastal area is huge and most of these 

resources are less concerned by government and 

society. Meanwhile, it is not that difficult to 

perpetuate the coastal Mangrove preservation in 

order to slow down the global warming rate and 

cool down the earth temperature. 

 

2.1.2 Inter-stakeholders Collaboration 

In the fact to make Indonesia as carbon sinks 

not carbon sources, there‘s not much we can do.  

Because of fossil fuel formed from the deposition of 

fossils millions of years ago and burn for hundreds 

of years, it causing global warming. What can be 

done is one of the mitigation by planting trees, both 

trees and mangroves. However, to reduce the effects 

of global warming can take some tactical action, 

inter-stakeholder collaboration, in which many 

agencies must be involved in both Ministry of 

Forestry and Ministry of Marine Affairs and 

Fisheries. 

The inter-stakeholders concept can be 

elaborated by this following diagram: 

 
Figure 2. Inter-stakeholders diagram 

Government 

Civil Society Private Sector 

Mangrove 

Preservation 
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From the diagram above, there are three 

major stakeholders involved in this preservation 

scheme. This diagram puts government as the 

policy maker represented by two large institutions, 

The Ministry of Forestry and The Ministry of 

Marine and Fisheries as the main stakeholders. 

These two institution should be functioned as a 

pioneer who are going to generate the preservation 

framework along with its implementation from top 

to down level and also the invigilation practices. 

These two institutions are actually responsible for 

the current and past destruction of Mangrove 

ecosystem because of previous inconsistent 

regulation launched by them. Private sectors are 

also included in this diagram. This sector must be 

encouraged to boost the government regulation in 

terms of reducing Mangrove land reclamation. Last 

but not least, the diagram is also supported by civil 

society especially the coastal people who are 

mandated to keep their mangrove ecosystem and 

carry on the further preservation.  

This diagram is correlated each other. It 

means that if one element detaches, the preservation 

action would be disturbed. Inter-stakeholders in this 

case describes a knowledge sharing, power sharing, 

and solution sharing among related stakeholders to 

make up global warming mitigation through 

Mangrove preservation, which cover a holistic 

concept that is not only focusing on Mangrove 

reforestation but also continuous preservation to 

keep the Mangrove productive. 

2.2 Analysis 

2.2.1 Analytic-constructive 

Analyze the problems that are related to the 

current global warming phenomena. Thereafter, 

conduct a comprehensive study on Mangrove that 

has great potential to reduce the negative impact of 

global warming. The next step is the study of 

current policies of coastal area and Mangrove 

preservation action, analyzing the weakness of 

current preservation method to find better solution 

for befriending Mangrove ecosystem holistically. 

 

2.2.2 Using secondary data from 

literature study 

We used literature study from books, 

newspaper, internet, articles, and journals.  

 

2.3   Hypothesis 

Based on the problems and data that have 

been obtained, we select and discuss the best 

solution for Mangrove reforestation in order to 

mitigate the global warming with integrated inter-

stakeholders collaboration to be implemented 

including analyzing the function of each parties 

who are involved in the preservation action.  

3 RESULT 

3.1 The Weakness of Current 

Preservation Method 

The preservation of Mangrove in Indonesia 

is not really fruitful. A weak coordination among 

related parties can be one of major reason that 

impedes the preservation. So far, there are two 

governmental institutions involved in this action, 

the Ministry of Forestry and also the Ministry of 

Marine and Fisheries. The biggest problem is 

caused by overlapping tasks between these two 

institutions, in one side the Ministry of Forestry is 

responsible for any reforestation program including 

Mangrove reforestation, but on the other hand, 

coastal area is still under Ministry of Marine 

responsibility, so that the current policies seem to 

be less coordinated. Besides, the participation of 

other parties such as private sectors, NGOs, and 

local community is still perceived low, and need to 

be encouraged to form an integrated system which 

could work altogether and coordinate well to design 

a better preservation program. 

3.2 Collaboration and Role of Related 

Stakeholders in Mangrove 

Preservation 

The collaboration among related 

stakeholders to make some real resolutions is a 

must to strengthen the preservation action. The tight 

collaboration would generate a lot bigger impact in 

fighting against global warming. The main 

stakeholder in this case is Indonesian government 

which is represented by Ministry of Forestry and 

Ministry of Marine and Fisheries. These two 

institutions must create a strategic and integrated 

framework that could connect all the elements from 

the national level until the regional level to work 

together to implement the framework. Since 

Mangrove is classified as coastal vegetation, a tight 

collaboration between Ministry of Forestry and 

Ministry of Marine must be well defined so that the 

policy dispute or overlapping can be avoided. The 

policy on rehabilitation has been pioneered by 

Ministry of Forestry by the release of new 

regulation P.03/MENHUT-V/2004. 

The Ministry of Marine also needs to take an 

important role, since the coastal area is under their 
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responsibility. Besides, the coastal people must be 

encouraged to actively participate in preserving the 

Mangrove. The people must be well nurtured on the 

importance of Mangrove to linger their life. 

Without the support from people, the preservation 

action will not be feasible to be done. The NGOs 

must also be invited to join this collaboration. There 

are a lot of NGOs who put attention in coastal area. 

They will be good to do monitoring and control 

towards the preservation, furthermore these NGOs 

are also good at becoming government's partner in 

socializing the preservation framework to the 

people. 

It is needed to underline that what proposed 

by this paper is a holistic preservation scheme. 

Some initial preservation have been done 

previously by Ministry of Forestry, but this paper 

focuses more on the collaboration among related 

institutions and stakeholders to trigger a lot bigger 

impact. This collaboration must be actualized as an 

integrated policy, which will be followed by all the 

related stakeholders and institutions without any 

overlapping or dispute and this integrated policy 

can be assessed together by all the parties involved. 

3.3 Strategic Actions in the 

Implementation Stage on 

Mangrove Preservation 

Mangrove preservation requires an 

assessment from all the parties involved such as 

government, private sector, and coastal people. The 

role of government is mainly to ensure the 

implementation of Mangrove preservation by 

releasing more policies that have a legal power to 

instruct the interested parties to do the preservation 

and to restrict the utilization of coastal area from 

commercial activities that would possibly ruining 

the ecosystem. The policy must be implemented 

top-down from national to regional lever 

governance. The government also has to provide a 

reward to those parties who are successful in 

conducting the preservation as recognition towards 

their valuable contribution. The private sectors play 

an important role in supporting the funding aspect 

and also monitoring the government program so 

that they also could be actively participated in 

reporting any misconduct during the 

implementation. Private sectors for example 

industries especially tourism industries can also 

invest their funds in developing the coastal area, so 

that this area will be more convenient and support 

their business better. The funding allocation also 

shows their CSR (Corporate Social Responsibility) 

program. 

 The academician and researchers are also 

encouraged to design the preservation action, 

through researches or studies on coastal area, it is 

expected that the preservation will run well and 

directed. The researchers or academician can create 

a partnership with NGOs, government, or even 

private sector to foster their activities. Last but not 

least, the coastal people can also be considered as 

the major actors in the preservation issue. They are 

obligated to keep what have been preserved by 

other parties, so that the continuation of this 

program can be kept stable.  

The real action that can be taken in order to 

create an integrated system is by gathering all the 

stakeholders in a focus group discussion (FGD) to 

get the same understanding and also to 

accommodate all the opinion and interest from the 

whole parties involved. Through the FGD, the 

generation of idea, opinion, and same conclusion on 

Mangrove preservation can be triggered. 

4 CONCLUSION AND DISCUSSION 

 Mangrove is an asset to the coastal area 

that must be preserved. It plays an important role in 

the mitigation action against global warming 

because of its ability in absorbing CO2 and 

maintaining the micro climate. The preservation of 

Mangrove must be seen as an alternative to preserve 

the earth besides rehabbing the tropical forest and 

coral ecosystem. The preservation needs an 

integrated policy that connects all the stakeholders 

such as government, private sector, and local 

community to get the same understanding and 

direction in preserving Mangrove. 

The current preservation method such as 

GERHAN (Forest Rehabilitation Program) which 

was initiated by Ministry of Forestry must be re-

evaluated by other related parties, because the 

impact can be considered minor. Therefore, to scale 

up the impact, the inter-stakeholder collaboration in 

terms of policy and creation of a new integrated 

preservation program is needed. This program 

further must be engaged to the local community and 

other interested parties such as private sectors so 

that the Mangrove reforestation rate can soon be 

targeted and the projection of future's impact on 

how much CO2 can be reduced through this 

program can be calculated. 
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ABSTRACT 

Indonesia  is an archipelago country 

comprises of 17.508 islands. The country shares 

land borders with Papua New Guinea, Timor Leste, 

and Malaysia. Seeking the health need, people cross 

the country border to meet the health care services. 

One of Indonesia‘s priority development is 

improving the health status in the country border. 

This paper will present the current health situation 

and  health workers who work in health centers in 

the remote country border areas in the eastern part 

of Indonesia i.e East Kalimantan province, East 

Nusa Tenggara province and Papua province. 

Further emphasize is on the management aspect 

which is retention strategy to fulfill the adequate 

number of health workforce availability. A desk 

study was performed from relevant published 

materials. Literature was reviewed from databases 

of the Ministry of Health The Republic of 

Indonesia. A clear understanding of health country 

border situation and retention strategy is critical to 

face tomorrow challenges to improve health worker 

distribution and performance in that area.  

 

Keywords: retention, human resources for health 

 

1 INTRODUCTION 

Human resources for health (HRH) is an 

important asset for health systems and health care in 

any country. In fact, health systems can‘t function 

without the health workforce including doctors, 

nurses, midwives, allied health personnel, 

administrative and support staff (NHRHO, 2009). 

They are all critical to the management and delivery 

of health care to population. Indonesia is an 

archipelago country extending 5,120 kilometers 

from east to west and 1,760 kilometers from north 

to south. It encompasses an estimated 17,508 

islands and only 6,000 of which are inhabited 

(Indonesia State Secretary, 2009).  Administratively 

this country is divided into 33 provinces which 

cover 440 districts/cities. There are 44 

districts/cities in 12 provinces that share continent 

and or sea boundaries with other countries i.e. 

Malaysia, Singapore, Vietnam, Timor Leste, 

Philippines,  Papua New Guinea (PNG), Australia, 

India and Palau. The continent border is shared by 4 

provinces in West Kalimantan, East Kalimantan, 

East Nusa Tenggara and Papua. 

According to the Indonesian President 

Regulation No. 7 year 2005 on the National 

Medium Term Development Plan, the country 

border areas is one of the development priorities 

(Bappenas, 2005). The development of the country 

border areas is considered very crucial as these are 

strategic areas in the most front position to protect 

the unity, sovereignty and security of the country, 

and also as the economic gate to achieve the 

prosperous community. Health sector is one of the 

main agenda in developing the prosperity of the 

community in the country borders.  

Ministry of Health (MoH) (2007)
a
 stated 

there are 101 health centres located in the country 

border areas, 39 of them in outer islands. About 

95% is categorized as less developed areas. There 

are 54 health centres with in-patient facilities and 

supplied with minimum required number of health 

staffs. However, based on the available data from 

79 health centres, about 25 health centres suffering 

shortages of health personnel and require additional 

1 -2 doctors for each. Some of those health centres 

also still require additional number of nurses, 

midwives and other health personnel in accordance 

with the Index Staffing List of the MoH.  

To counter those problems, the development 

of health sector in the country border areas has been 

focused to the availability of medical doctors, 

midwives, nurses, nutritionists and sanitarians; the 

upgrading of health centres with in-patient 

facilities; development of infrastructure and 

operational cost; and the mobile health service. 

Using the contract scheme, since year 2006 the 

MoH have consistently recruited doctors, dentists 

and midwives to be placed in remote and very 

mailto:fefendi@indonesiannursing.com
mailto:asnov_fisioterapi@yahoo.com
http://en.wikipedia.org/wiki/Papua_New_Guinea
http://en.wikipedia.org/wiki/Indonesia-Malaysia_border
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remote areas including in the country border areas. 

The doctors and dentists are contracted for duration 

of 6 months or 1 year depending on the criteria of 

the location and can be prolonged upon request. 

With shorter period of contract, it is expected that 

more doctors will be more interested to join as this 

is not a compulsory program. Thus shortages in 

some remote and very remote health centres can be 

fulfilled. The districts/cities have responsibility for 

the distribution, providing facilities and other 

support as well as monitoring the availability and 

performance of health personnel in their regions.  

Overall, through this contract scheme, the 

percentage of health centres without doctors has 

been decreased from 30% in year 2006 to 11% in 

year 2007 (MoH, 2007)
b
. However, as admitted by 

the District Health Offices, the most difficult 

problem is to recruit and retain health workers in 

the remote outer islands or mountainous areas in the 

country border. Some financial incentives and other 

benefits offered by some local government do not 

always interest health workers. This paper focusing 

on human resources for health and aims to address 

the following questions: 

 What is the current condition of the health 

situation in the country border area? 

 What was the implemented strategy and the 

future alternative strategies to retain the health 

workforce in the country border area? 

2 METHODOLOGY AND 

CONCEPTUAL FRAMEWORK 

2.1 Methodology  

A desk study was performed of published 

and grey material. Literature was searched by 

means of the databases of The Center of Planning 

and Management of Human Resources for Health, 

Ministry of Health The Republic of Indonesia.   

2.2 Conceptual Framework 

Many factors influence the willingness of 

health workers to stay working in country border 

areas such as communication, transport, security, 

social facilities, etc. To address this complicated 

field, the authors modify a framework that 

simplifies the concept of retention as in fig 1. 

Qualified and motivated human resources 

(HR) are essential for adequate health service 

provision, but HR shortages have now reached 

critical levels in many resource-poor settings, 

especially in underserved areas (World Bank, 

2008). Factors influencing retention are rooted into 

the following: 

 

 

Figure 1. The concept of retention 
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INDICATORS East Kalimantan 

(2006) 

East Nusa 

Tenggara 

(2006) 

Papua 

(2006) 

IMR per 1000 live birth 39,71 (year 

2001)* 

72 56,65 (year 

2001)* 

MMR per 100.000 live birth 49 554 396 

Life Expectancy (years) 69,95 65,1 66,2 

            Source: (MoH, 2006)abc 

 

 Macro level or the overall health system such as 

resources allocation, planning and deployment 

of health workers, current regulatory 

framework, communication and decision-

making processes, and accountability 

mechanisms. These can be influenced by policy-

makers and planners in the health sector, as well 

as local government as the consequences of 

decentralization. 

 Micro level, or the workplace itself (district or 

facility, etc.), such as availability of equipment, 

drugs and supplies, teamwork and human 

resources management activities. In principle 

these can be influenced by local managers, 

colleagues, patients and other local partners 

(health facility level) (Dieleman M & 

Harnmeijer JW, 2005). 

 Individual characteristics and living 

circumstances, such as living in conflict areas or 

being a woman or a newly graduated 

professional. These require specific group 

strategies and can be developed locally by 

managers or nationally by policy-makers and 

planners together with other stakeholders 

(individual level). 

 Intervention to retain health worker in 

underserved area focusing on the two 

intervention, recruitment-selection and 

incentives. 

3 THE CASES OF INDONESIA 

This paper will present experiences from 

three provinces i.e. East Kalimantan, East Nusa 

Tenggara and Papua in health development for the 

country border areas.  These three provinces 

represent specific different problems in the country 

border areas that may contribute to health. The table 

below illustrates the health situation in the three 

provinces. 

 
 

 

East Kalimantan 
 

This province is administratively divided 

into 9 districts and 4 cities. The number of 

population in year 2004 is 2,7 million lives with the 

density rate about 14,13 lives per km square. The 

population growth rate is 3,35%, higher than the 

national average at 1,50%. The natural growth is 

1,22%. The migration rate is quite high at 2,13% 

per year (MoH, 2006)
a
. This province share country 

border with Eastern Malaysia (Serawak and Sabah) 

in 3 districts i.e. West Kutai, Malinau and Nunukan. 

The most common issues between the two countries 

are Indonesian Migrant  Workers (IMWs) and 

illegal logging. 

The cross border activity is quite frequent 

particularly in Nunukan and tend to increase from 

year to year. Data year 2004 showed that the 

number of illegal IMWs deported from Malaysia 

was 102.129 persons, but approximately 174.562 

persons left to Malaysia through this border (MoH, 

2007)
b
. Most of them worked in informal sector 

(about 50%).  The Ministry of Manpower and 

Transmigration reported that in March 2008 only, 

there were 12.690 migrant workers heading to 

Malaysia from Nunukan. This city has become the 

most favourite transit of IMWs in the province. 

Usually the IMWs stayed in temporary housing for 

days, weeks or months waiting for jobs from their 

employers or the worker distributor companies 

(Depnakertrans, 2008). Some of temporary 

housings are in poor sanitation and over crowded 

that affect health condition of IMWs.   

The economic prosperity with more job 

opportunities in Malaysia have attracted  more 

people to come even without legal document. The 

economic gap and more complete public facilities 

have also attracted the community in the country 

border to see more opportunity in Malaysia 

including in health and education. According to the 

East Kalimantan Provincial Health Office, the main 

problems in health sector in this province are (MoH, 

2006)
a
: 
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Health Service Indicators National Standard East Nusa 

Tenggara 

The coverage of pregnant mother visits (fourth visit) 95% 65% 

The coverage of birth delivery by health personnel  90% 60% 

The coverage of Neonatal visit 90% 78% 

Villages achieve UCI 100% 84% 

The coverage of children under 5 years receive Vitamin A 

twice a year 

90% 77% 

The coverage of pregnant mothers receive 90 Fe tablets 90% 60% 

            Source: (MoH, 2006)b 

1. Most areas are surrounded by water that difficult 

to reach in certain seasons 

2. Ineffective bilateral cooperation especially in 

health service for the country border community 

3. Low health budget that contribute to the poor 

quality of health service  

4. Lack of basic infrastructure that can support the 

health programs  

In Nunukan District, the available health 

facilities include 10 health centers with 4 of them 

equipped with in-patient facilities (total 32 beds), 

44 auxiliary health centers and village Birth 

Delivery Posts, 11 mobile health clinics, and 1 

district hospital. The 10 health centers are supported 

by 7 doctors, 4 dentists, 3 nutritionists, 28 midwives 

and nurses (MoH, 2006)
a
.  

The health programs conducted by the District 

Health Office are as follow (MoH, 2006)
a
:  

- Optimize compulsory service of health centres 

such as health promotion, maternal and child 

health, family planning, health environment, 

communicable disease control, nutrition 

improvement, and curative program. 

- Health service for the poor families. 

- Bilateral cooperation with Malaysia (Sosec 

Malindo) in communicable disease control.  

Supervised by the District Health Office, 

health workers in health centres must be able to 

conduct the compulsory health service program. 

Some constraints faced by health workers are 

limited resources in health centres and lack of 

technical competency in dealing specific cases. For 

example, Nyamuk health centre which is located 

close to Tawau (Sabah Malaysia) often have 

problem in referring critical patients. The 

community prefer Tawau Hospital to Nunukan 

hospital, due to easier access (closer) and more 

complete facilities. In year 2005, Nyamuk health 

centre refer 21 cases to Tawau hospital and 45 cases 

to Nunukan hospital.  Some strategies proposed by 

Nunukan districts are 1) increase the health budget 

for provision of equipment for operational of health 

centre, 2) improve bilateral cooperation in health 

sector particularly for referral cases, 3) improve 

technical competency of health workers specifically 

for the border areas (MoH, 2006)
a
.  

East Nusa Tenggara 

Geographically East Nusa Tenggara 

province is a dry land and classified as less 

developed and remote province. This province 

shared border with Timor Leste in District Belu, 

District Kupang and District North Central Timor 

after the referendum in year 1999 that established 

Timor Leste as a new independent country. 

Common issues in these country border areas are 

poverty, food scarcity and settlement of ex Timor 

refugee post conflicts as new citizens. These 

districts still have potential conflicts as there are 

several ethnic groups ex Timor refugees that share 

lives with the local community. Since year 2006, 

those ex Timor refugees have been provided 

housing and acknowledged to have the same right 

as the other citizen. They no longer received regular 

material support from the central government of 

Indonesia.  However some groups still demanded 

the Indonesia government to continue the support. 

The local government refused to provide this 

privilege to avoid social jealousy as the local 

community is also as poor as the ex refugees. 

The health problems in this province include 

low community health status, low coverage of 

health services, inadequate number of qualified 

health workers and high percentage of poor families 

(65,45% of total population) (Bappenas, 2005). The 

table below presents that all health service 

indicators are still below the national standard. 

In Kupang District, the border areas is 

located in 5 villages with total population 6.229 

lives. The available health facilities are 4 auxiliary 

health centres, served by 1 doctors, 4 nurses and 2 

midwives. Due to geographical condition, this area 

is inaccessible during rainy season. Most of the 

community (86%) are poor people. Health funding 

mainly depend on the Community Health Insurance 

Program from the central government designed for 

poor families (MoH, 2006)
b
.  Belu District also has 
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border areas with most frequent cross border 

activities. The district have 1 general hospital with 

120 beds, and 1 private hospital owned by a religion 

based organization. The two hospitals are supported 

by 13 doctors, 101 nurses, 9 pharmacists, 2 

nutritionists, 15 medical technicians and many other 

workers. There are 18 health centres with 3 of them 

without doctors (MoH,  2006)
b
. Most of doctors 

served in this district are on contractual basis 

assigned by the MoH.  

Beside serving the local community, health 

workers in the border areas accept many villagers 

from Timor Leste border who came to health 

centres in the border of  Belu district to seek health 

care services. Some pregnant mothers and children 

from Timor Leste also use health care services in 

health centres or the closest village polyclinic.  

Kupang district and Belu district have 

similar problems regarding the very limited number 

of health workers particularly doctors to serve the 

remote border areas, where communities from both 

Indonesia and Timor Leste need to have better 

access to health service. The availability of doctors 

and midwives is often hampered by discontinuity of 

contract doctors due to no replacement or late 

replacement after the previous doctors finished their 

contracts. Many doctors are reluctant to serve those 

areas because they fear of the conflicts that 

sometimes occur involving some community 

groups.  

To deal with those issues, East Nusa 

Tenggara province proposed some actions (MoH, 

2006)
b
: 

1. Upgrading auxiliary health centres to the in-

patient health centres specific to health problems 

in the border areas (completed with emergency 

service facility). 

2. Provision of equipment for health centres and 

mobile clinics. 

3. Health problems in the border areas must be 

tackled by the national level and not only by the 

local government. 

4. Establishment of  integrated cross border post 

(health and other sectors) with adequate 

facilities, operational cost and personnel.  

5. Provision of scholarships for the native people 

to attend medical schools and other health 

schools and to retain them in certain places and 

certain period after finishing their education.  

The availability of many local, national and 

international donors that financially and technically 

support this province should provide significant 

benefit in the future.  

 

Papua 

Papua province is located in the most eastern 

part of Indonesia. There are 5 districts/cities in this 

province that share border with Papua New Guinea 

(PNG). Most of community in these areas live 

separately in smaller groups. Nationally 1 health 

centre in average can serve within radius 320 km
2
, 

but in Papua 1 health centre serve approximately 

within radius 2.300 km
2
  with tropical jungle, 

swamp and mountainous areas that difficult to go 

through. To serve the community, health services 

were provided through flying doctor program, water 

doctor and doctor on foot programs (MoH, 2006)
c
.  

People from both Indonesia and PNG have 

been travelling in and out for social, culture and 

economic purposes through legal and illegal border 

gates that may contribute to health problems 

especially transmission of HIV/AIDS. The 

cumulative rate AIDS case in Papua is the highest 

in Indonesia with 49,6 or 18,51 times national rate 

(year 2005) (MoH, 2007)
d
. The main cause of 

HIV/AIDS transmission in this province is through 

sexual intercourse.  

Merauke district share borders with 3 

countries i.e. PNG (land and sea borders), Timor 

Leste and Australia (sea borders). The number of 

total population is 172.373 lives. The health 

facilities available in this district include 2 general 

hospitals, 11 health centres, 92 auxiliary health 

centres, 17 mobile clinic, 12 village birth delivery 

post, and 182 integrated health service posts. Those 

facilities are supported by 7 specialist doctors, 63 

doctors, 5 dentist, 204 midwives, 308 nurses, 20 

nutritionist, 21 laboratory analysts and 22 

sanitarians (MoH, 2006)
c
.  This number is 

considered as still limited as the area of coverage is 

very vast while the community live scattered in the 

remote inland.  

The main problems of health services can be 

highlighted as follow:  

1. Lack of health personnel in term of type, 

quantity and quality. The percentage of  health 

centres without doctors is approximately 52% 

(year 2006). 

2. Maldistribution of health workers, severe 

shortages particularly occur in the country 

border health centres. 

3. Limited coverage of health services 

4. Inadequate supporting facilities such as housing 

for health workers in the remote areas 

5. No electricity and water in health centres (70%)  

6. High risk of communicable diseases i.e. 

Malaria, HIV/AIDS and worm diseases. The 

danger of HIV/AIDS transmission particularly 

occurs in the country border areas. 
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7. Lack of awareness of the community on clean 

and healthy behavior 

8. High malnutrition prevalence of infants/children 

under 5, anaemia of pregnant mothers and  

9. Lack of awareness of the local government in 

providing adequate health budget especially for 

health services. The Special Autonomy Act for 

Papua year 2001 clearly mentioned that at least 

15% of the development local budget must be 

allocated for health and improvement of 

nutrition (MoH, 2007)
a
.  

Other external problem that often affect 

health situation is potential conflict among ethnic 

groups that often occur in Papua region.  

MoH (2007)
a
 stated that to reach the 

community in villages in order to find malaria, 

HIV/AIDS and TB cases, health workers from 

health centres and its networks often have to walk 

for hours even days without safety and security 

guarantee. The health workers have to do tough jobs 

such as persuading the villagers in the remote and 

isolated areas between Indonesia and PNG to 

conduct blood test HIV/AIDS. If they are willing to 

do so, the health workers must take them travelling 

far to the laboratory in the district city, sometimes 

more than 100 km.  

4 DISCUSSION 

Retention Strategies: Recruitment and 

Incentive Scheme 

4.1 Recruitment of Contracted Doctor 

Scheme (PTT) 

Since year 1999, Indonesia has implemented 

decentralization policy that give more authority to 

the local level in providing public service in 

accordance with the principles of good governance. 

Furthermore according to the government 

regulation number 38 year 2007, the roles in 

government affair have been divided for central, 

provincial and district/city government. There are 

31 compulsory  subjects including health that 

become the responsibility of the provincial and 

district/city government especially related to the 

provision of basic health care.  

The policy has become an opportunity for 

some districts but on the other side become a threat 

for others. The districts have more autonomy to 

optimize the use of their resources for innovative 

approach in every sectors including health. Before 

decentralization, most health workers in the public 

sector were managed by the central government. 

With implementation of this policy, their status of 

employment was transferred to the local 

government. The mobility of health workers among 

other provinces/districts become more difficult as it 

needs approval and clearance from both local 

governments. This can be a positive way in 

retaining health workers particularly in the districts 

that are still lacking. On the other hand, this also 

become a constraint in improving distribution of 

health workers from over supply to under supply 

provinces/districts.  

Another example, recruitment of contract 

doctors mostly depend on the central MoH, but 

districts still have full authority in deciding the 

working location, providing other supporting 

facilities, to monitor the doctor performance and 

even to provide other benefit package to attract the 

health workers, while the province level hold the 

coordination and supervision functions. So the 

districts that can provide better resources, access 

and programs will be likely to have more adequate 

number of qualified health workers. The district 

with many remote, potential conflict and country 

border areas will still suffer shortage of certain 

health workers. From the above cases, Papua with 

many most difficult geographical areas certainly 

much more suffer shortage of health workers 

compare to the other two provinces.  

The MoH also have experience when 

negotiating contracts with the medical faculties 

from 13 universities on provision and distribution of 

senior residents to 60 remote district hospitals in 

order to provide medical services. Many senior 

residents refused to be posted in remote districts far 

from their origins. Other reasons mentioned are no 

clear security guarantee for working in conflict 

areas, inappropriate working condition, lack of 

other supporting facilities, and no additional 

financial incentive from the local government.  

Some senior residents are willing to work in remote 

district hospitals but for shorter period (1 or 2 

month only). Therefore those districts are still 

unable to obtain medical specialists for their 

hospitals or difficult to sustain the availability of 

medical specialists.  

In Indonesia the public sector still dominates 

the provision of health services. Majority of health 

personnel were recruited as civil servant. The 

shortage number of certain health workers was 

fulfilled through individual contract signed by the 

director of the working unit or by the head of 

district/city.  However since year 2005, the 

government have restricted employing new contract 

workers except for health workers (doctors, dentist, 

midwives). As the annual new formation of civil 

servants is always very limited, it is difficult for 

some provinces/districts to accelerate the realization 

of adequate number, type and qualification of other 
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health workers. To address this issue, the MoH have 

a policy on special assignment for specific areas 

including remote and country border areas. In 

relation to this policy, the MoH currently assess the 

legal aspects of conducting cooperation with other 

parties to provide health services or to provide and 

manage health workers in remote health services 

through contracting out mechanism. This model has 

been piloted by the MoH in Papua province for 

posting senior residents by establishment of 

contract with a medical faculty. Other district with 

more resources also start to pilot this mechanism 

through collaboration with religious based 

organization or other civil society organizations.   

4.2  Incentive Scheme for PTT 

After the decentralization policy being 

implemented, the local level has more authority in 

managing human resources including provision of 

incentive for personnel. It is expected that by 

providing financial incentive out of salary, the 

motivation of personnel will improve. The amount 

of incentive varies depending on the financial 

ability of the local government. The incentive for 

specialist doctors, as an example, range from Rp. 

3,5 million to Rp. 12 million (approximately USD 

385 to USD 1319) per month. Some local 

governments even provide meal allowance, housing 

and vehicles or means of transportation. But, not all 

local governments are able to provide those 

incentives (Kurniati A, 2007). Many of them, 

especially newly developed districts, are still 

financially depending on the central government. 

As a result, there are favorable/less favorable 

remote and very remote areas for health personnel.  

To attract more health workers serving the 

remote and very remote areas, since May 2006 the 

MoH RI have introduced new policies i.e. 

shortening service period and higher financial 

incentive for the PTT medical specialist, doctors, 

dentists and midwives. The minimum service for 

PTT doctors and dentists in very remote areas is 6 

months while in remote areas is 1 year. The 

financial incentive is only given to those working in 

very remote areas and arranged as follow (7,5% 

income tax included) (MoH, 2007)
c
:  

 Medical Specialist :Rp 7. 500.000,00/month 

(USD 824) 

 Doctor/dentist :  Rp  5. 000.000,00/month (USD 

549) 

 Midwife  :Rp 2. 500.000,00/month 

(USD 275) 

These policies are applied evenly to all PTT 

workers in very remote areas regardless various 

geographic barriers, availability of supporting 

facilities and other factors. The  MoH RI provide a 

general definition that a remote/very remote area is 

an area that is difficult/very difficult to reach due to 

several causes such as geographical conditions 

(islands, mountainous, land, forest and swamp), 

transportation and social culture. The remoteness of 

certain location is not determined by the MoH RI 

but by the local government which result in 

different interpretation upon the same characteristic 

of areas. For example, a similar characteristic of 

areas is considered differently as remote or very 

remote areas by different local governments. Due to 

this issue, the regulation for shortening service 

period in very remote areas is then slightly changed. 

The service period for the favorite locations is back 

to one year while the non favorite‘s remains the 

same. 

5 CONCLUSION 

The strategy of recruitment of contracted 

doctor scheme (PTT) and incentive scheme for PTT 

can be useful in terms of making health worker 

available in the country border area, although it 

should not be a stand-alone strategy. Further 

research focusing in these variable with  

multifaceted  intervention could be considered 

based on local situation.  
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ABSTRACT 

Aikido is a modern Japanese martial art, 

invented by Morihei Ueshiba in the early 1930s. 

Due to its unique philosophy, aikido differs with 

other styles of martial arts. Aikido stresses more on 

self-defense than offens, although this might seem 

contradictory to people‘s general understanding of 

martial arts, Aikido is also known as nonviolent 

martial art. 

The goal of this study was to find the 

difference of forgiveness between college students 

who practice aikido and those who didn‘t. The 

participants were 124 students, age range between 

18-24 years, at six universities (50%  practicing 

aikido, and 50%  not practicing aikido) in Jakarta. 

Research instrument used is the adapted TRIM-18 

(Transgressive-Related Interpersonal Motivations). 

The t-test analysis showed a significant difference 

of forgiveness between the two groups. It means 

that the aikido group tends to forgive more than the 

non aikido group.  

 

Keywords: Forgiveness, Aikido, Martial Art, Sport 

and Game Psychology 

 

1 INTRODUCTION 

Aikido, is a martial art that give stress on 

how the individual receive and immobilize the 

attacker. Its meaning can be derived from its own 

word, aikido, which means ‗a way to harmonize the 

energy‘ (Westbrook & Ratti, 1970). It is not 

allowed to attack in aikido, which if performed can 

cause bad effects towards the opponent. Olliges 

(2008) clearly states that aikido is a martial art 

which is based on a phylosophy of loving and 

protecting toward each other; therefore, its aim is to 

create peace and  harmony among its practitioners. 

Olliges (2008) found that in individuals who 

already internalized this phylosophy were more 

helping and loving toward each other without 

expecting any reward. One point of this phylosophy 

is the ethics of defense; a nature in defence and 

receiving an attack from other individual. This 

ethics is explained clearly in Westbrook & Ratti 

(1970), Aikido and The Dynamic Sphere. They 

explained about four levels of defense of combat; 

the last level is the highest ethics. This level is 

different with the other 3 levels and is considered as 

a basis of aikido as a pure martial art, since it 

focused in defense rather than attack.  

Thus, the practice of aikido include less 

amount of physical violence, since it focuses on 

defensive technique. Individual is not only focusing 

on defense, but also controling the opponent so that 

the opponent doesn‘t get killed or at least doesn‘t 

get seriously injured. Thus, the opponent is 

immobilized, instead of counter-attacked. 

Aikido‘s philosophy has similiraty with the 

character strength of forgiveness. As explained 

above, a coming attack and its flow is stopped. An 

attack is one form of aggression, as its meaning by 

Berkowitz (1993, in Cox, 2007) employs 2 main 

factors. First, the behavior is intended to hurt or 

cause a physical injury toward the others. Second, 

there is an expectation of that behavior to be 

successfully achieved. Baron & Byrne (1994) 

define an aggresion as a drive which has the main 

goal to cause pain or frustration. Aggresion can be 

avoided by developing forgiveness ((Mauger, 

Saxon, Hamill, & Pannell, 1996, in McCullough & 

Witvliet, 2005). Adler (2003) explained further that 

martial arts have a correlation with a reduction of 

aggresion level. From this point, it is asssumed that 

forgiveness, which can break the flow of aggresion 

within oneself toward his/her opponent, is trained in 

aikido. Moreover, aikido has a positive correlation 

with emphaty as well. Study conducted by Harianto 

(2001) resulted that college students who practice 

aikido showed more emphaty than those who do not 

in it. Emphaty is a main factor for forgiveness to 

emerge (McCullough et al., 1998). 

Forgiveness is one of the 24 virtues 

possessed within oneself which is based on VIA 

Classification of Strengths (an antithesis of DSM) 

(Peterson & Seligman, 2004 in Snyder & Lopez, 

2007). McCullough (2000; McCullough et al., 

1998, in Snyder & Lopez, 2007) stated that 

forgiveness can even release the negative response 

mailto:dimas.prasetyo11@gmail.com
mailto:orixza@yahoo.com


28   The 2nd Annual Indonesian Scholars Conference in Taiwan 
 

 

ISSN 2086-5953 

 

within oneself due to the aggression which is 

intended to particular people. Study pointed out that 

forgiving person showed more emphaty toward 

each other (Tangney et al., 1999, in McCullough & 

Witvliet, 2005). Forgiveness has a positive 

correlation with physical health as well (Miller, 

Smith, Turner, Guijarro, & Hallet, 1996; Williams 

& Williams, 1993, in McCullough & Witvliet, 

2005). Moreover, forgiveness is an intoxification of 

the hostility conducted by others (Kaplan, 1992, in 

McCullough & Witvliet, 2005). Hostility itself has a 

negative correlation with physical health (Miller, 

Smith, Turner, Guijarro, & Hallet, 1996; Williams 

& Williams, 1993, dalam McCullough & Witvliet, 

2005). It can be stated that forgiveness and 

aggression are negatively correlated 

It is important to develop forgiveness within 

oneself, considering the virtue and benefit in it as 

explained before. The development is important 

conducted at the adolescense stage, where the 

transition from childhood to adult occured 

(Sarwono, 1989). At this stage, the individual is 

developing self adjustment with their surroundings, 

and is trying to develop appropriate values which 

are acceptable in their society. This stage ranges 

from 18 to 24 years old (Sarwono, 1989). 

Averagely, mostly college students in Indonesia lie 

between that range. Thus, this study is important to 

be conducted among college students who are 

entering their adolesence stage. 

When the individual is showing forgiveness, 

tendency of their basis motivation and behavior in 

facing transgressor becomes more positive, and less 

negative (resentment, avoiding). Aikido teachs the 

individual to behave positively by stopping and 

forgiving, instead of behave negatively toward their 

opponent.  

2 MODEL, ANALYSIS, DESIGN, 

AND IMPLEMENTATION 

 

Figure 1. Model of Enhancing Forgiveness Through Aikido 
Practicing 

2.1 Forgiveness 

Forgiveness reflects increased in prosocial 

motivation toward another such that there is less 

desire to avoid the transgressing person and to harm 

or to seek revenge toward that person, and (2) 

increased desire to act positively toward the 

transgressing person (McCullough, 2000; 

McCullough et al., 1998, in Snyder & Lopez, 2007). 

The definition stated before is also used as 

dimension of forgiveness, those are avoidance 

motivations, revenge motivations, and benevolence 

motivations. 

Some experts define forgiveness as an 

absence of negative responses toward the 

transgressor. For example is a Transgression-

Related Interpersonal Motivations Inventory 

(McCullough et al., 1998, dalam Rye et al., 2001), 

which is concepted only to measure the absence of 

revenge and respond to avoid. Yet, some other 

experts suggested that the presence of positive 

responds toward transgressor must be included. 

The transgression can cause some impacts, 

both physically and psychologically (McCullough, 

Root, & Cohen, 2006). It drives people to avoid the 

transgressor as well as to strive for revenge toward 

him/her. People who experience such a way tend to 

become depressed (Brown, 2003, in McCullough, 

Root, & Cohen, 2006), phobia and experience panic 

disorder (Kendler, Liu, et al., 2003, in McCullough, 

Root, & Cohen, 2006), as well as interfering the 

simphatic neuro and cardiovasculer systems 

(Witvliet, Ludwig, & Vander Laan, 2001, in 

McCullough, Root, & Cohen, 2006). Therefore, 

forgiveness must be developed in order to have a 

proper respond in facing the transgression within 

individual and to enhance physical and 

psychologically well being. 

Subkoviak et al. (1995, in Rye et al., 2001) 

stated that when forgiving, people tend to overcome 

their hate toward the transgressor, yet doesn‘t deny 

their right to experience it. People who forgive tend 

to express their kindness, compassion, and even 

give love toward the transgressor. The same 

concept also stated by the Rye and colleagues 

(2001) who define forgiveness as a respond toward 

the transgressor which include some aspect like the 

release of negative affection (e.g. hostility), 

cognition (e.g. thought to take a revenge), and 

behavior (e.g. verbal aggression), as well as having 

a positive responses toward the transgressor (e.g. 

compassion). Some factors that affect forgiveness 

are emphaty, wound caused by, asking for apology, 

and the relationship with the transgressor 

(McCullough et. Al., 1998). 
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2.2 Aikido 

One of the uniqueness in aikido is that 

aikidoka is trained to always think in a positive 

way, even when they got attacked, like stated by 

Ueshiba (1938, in Olliges, 2008, 2008, page 16): 

―When the enemy strikes, always remain positive, 

calm, settled, and full of power, centered in the 

great spirit of the universe, and attuned to the will 

of the gods.‖ 

One form which covers this philosophy is 

the ethics of defense, explained by the picture. 

 
Figure 2. The Ethics of Defense (Wesbrook & Ratti, 1970) 

 

The first panel (panel A) is a lowest level of 

the ethics of defense, which is people attack first 

before their got attacked, without any provocation 

and on his own initiative; and thus kills him. The 

following level (panel B), individual has no 

intention to attack directly, but he has provoked the 

other man to attack him. It may have been an 

obvious provocation, such as an insulting remark or 

the more subtle provocation of a contemptuous 

attitude; and in the end the provoked man is killed. 

Even tough the man doesn‘t directly attack the other 

man; he is responsible for inciting the other man to 

attack. Westbrook & Ratti (1970) stated that there is 

only a shade of difference ethically between panel 

A and panel B. 

The third level (panel C) shows the 

individual who does neither attack directly nor 

incite to attack, but when he is attacked he defends 

himself in a subjective manner. In this condition, he 

only cares for himself, and caused the other man 

killed, or at least got seriously injured. From the 

above explanation, there is only a shade difference 

between the 3 panels, and the result in all the three 

panels (A, B, and C) is identical; a man is killed. 

The fourth level (panel D) share the 

individual to have the ability to control himself and 

the opponent, and have no intention to counter the 

attack; he defends himself in such a way, and 

control the attacker not to be killed. This is the last 

level which is used as the basic principle in aikido 

(Westbrook & Ratti, 1970). Aikidoka (individual 

who is participating in aikido) is not trained to 

counter the attack, but to stop the attack without 

causing any damage on the attacker or at least 

seriously injured. This last level considered as the 

goal of aikido (Westbrook & Ratti, 1970). 

The application of this four ethics of defense 

will be performed when people got attacked without 

knowing that they are will be attacked. When 

people are attacked by someone else, the first 

reaction that would appear is the instinct within 

their selves. It depends on what that presence within 

their selves. According to Westbrook & Ratti 

(1970), the basic instinct reaction within one self is 

to counter the aggression. 

Therefore, to emerge a smoother and non 

harsh full reaction, people have to take enough time 

in learning this no-revenge-reaction, which is 

trained in aikido. Therefore, hopefully, this reaction 

will be programmed and perceived as a not 

separated moving/technique within their own mind 

(Westbrook & Ratti, 1970). As a result, every time 

they got attacked, they will no longer react to 

avenge the attack. 

2.3 Design, Analysis, and 

Implementation 

This research only uses one variable, which 

is forgiveness. College students who practice aikido 

and those who do not will be recruited as a 

participant. Sampling technique that will be used is 

accidental sampling. 64 participants are divided into 

30 participants for the aikido group and 34 

participants for the non-aikido group. The research 

is using a quantitative method 

The data collecting instrument will be a 

TRIM (Transgression-Related Interpersonal 

Motivations) measurement instrument, which 

consist of 26 items. This instruments measures 3 

individual motivations towards the transgressor, as 

well as identifies respondent‘s data control. The 3 

individual motivations are avoidance motivations (9 

items), revenge motivations (7 items) and 

benevolence motivations (10 items). The technique 

used to analyze the data is independent sample t-test 

which compares the mean scores between the two 

groups. The SPSS for Windows was used to analyze 

the data. 

3  RESULT 

The main purpose of this study is to identify 
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the score difference of TRIM within the two groups, 

the aikido group and the non-aikido group. From 

the independent sample t-test calculation within the 

two groups, it is obtained that the t value is 3.153 

and 0.002 for its p value, showing a significant 

difference at the 95% level of confidence (since p < 

0.05). Therefore, Ho is rejected, showing that there 

is a significant difference of the TRIM scores 

obtained within the two groups. The mean score 

obtained in the aikido group is lower than the other 

group, showing that the aikido group has higher 

forgiveness (more forgiving) than the non-aikido 

group. 

Additional quantitative data were employed 

to enrich the study. The independent sample t-test 

also employed within the aikido group, which is 

divided into two categories based on the length of 

time participating (< 3 years and > 3 years) and the 

level they have achieved (< kyu 3 and > kyu 3). The 

two additional results showed the significant 

difference at the 95% level of confidence as well, 

since the p value obtained for each of them is 0.000 

and 0.027. The group that has practiced aikido for 3 

years or more and for the group that has achieved 

kyu 3 or above obtained a lower TRIM‘s score. It 

can be inferred that the group has higher 

forgiveness than the other two groups. Other 

additional result also obtained in the aikido group, 

divided into 2 groups based on their sex. This study 

doesn‘t show a significant difference within the two 

groups (p=0.267); therefore, there is no difference 

of forgiveness based on gender. 

4 CONCLUSION AND DISCUSSION 

Based on previous result and analysis the 

study, it can be concluded that there is a significant  

difference of forgiveness between college students 

who practice aikido and those who do not practice 

aikido. Therefore, this group of students (aikido 

group) has the higher level of forgiveness than the 

other group of students. 

Beside the conclusion above, the other 

findings of additional result can also be concluded 

as follows: 

 Students who practice aikido for 3 years or 

more have the higher level of forgiveness 

than those who just only take it less than 3 

years.  

 Students who have achieved the kyu 3 or 

above have the higher level of forgiveness 

than those who still positioned in lower 

kyu 3. 

 There is no difference of forgiveness 

between male and female college students 

within aikido group. 

 The high level of forgiveness in aikido 

group is neither affected by the wound 

experienced nor the asking for apology by 

the transgressor; nonetheless, it can be 

affected by the positive close relationship 

with the transgressor. 

 

However, some issues need to be discussed. 

The result showed that college students who 

practice aikido have a higher forgiveness than 

college students who do not. Therefore, the result is 

in line with the research hypothesis. Yet, it cannot 

be inferred that the aikido could make them be more 

forgiving (increase their level of forgiveness). That 

is because there are many factors affecting 

forgiveness within oneself, e.g. the degree of 

wound, relationship and the presence of asking for 

apologies from the transgressor. Even tough the 

researcher has tried to control these factors, there 

still are factors difficult to control. For an instance 

the TRIM items themselves; it is possible for 

participants to imagining different transgressors. 

The pain intensity experienced, which is one of the 

factors that affect forgiveness within oneself, are a 

result of subjective perception; therefore can be 

perceived differently among participants. On this 

issue, there should be clearer statements to control 

it. 

On the other hand, the result obtained within 

the aikido group (divided into groups that has 

practiced for more than 3 years and for less than 3 

years) that has been explained above, showed  

significant score. Significant difference of 

forgiveness within aikidoka who have been practice 

aikido for 3 years above with the aikidoka who have 

practiced aikido for less than 3 years resulted by the 

difference of internalizing the ethics of defense. The 

3 years which were chosen are based on the 

Westbrook & Ratti (1970), explaining about the 

ethics of defense success internalization through 

lots of time practicing. While it can be inferred that 

there is difference forgiveness in the two groups, it 

should be obtained through a firmly controlled  

procedure consideration.  

Persons who has practiced aikido for 3 years 

or more  has also reached kyu 3 or above in average. 

Several instructors (sensei) stated that kyu 3 is the 

beginning of aikidoka become a senpai (senior) in 

dojo, characterized by giving a good attitude toward 

their kohai (junior), as well as having the 

ability/expertise/skill to be assistant to their sensei. 

Also, at this level, aikidoka has internalize the 

philosophy of aikido in a deeper way. This is what 

makes the significant difference of forgiveness 

between those lower than kyu3 and those kyu3 or 

above, where those practitioners who has reached 
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kyu3 or above possess greater fogiveness. 

Further explanation is stated by Westbrook 

& Ratti (1970), stated that aikido‘s  philosophy is to 

solve conflict without any violence, and in its 

practice and application aikido never teaches 

violence. This is the main purpose of aikido 

practicing. 

On the other hand, the high level of 

forgiveness in aikido group could be influenced by 

the positive close relationships experienced with the 

transgressor. McCullough et al. (1998) stated that 

the closer of relationship between the individual and 

the transgressor, the easier for him/her to forgive. 

Their close relationship is also followed by 

empathy. Therefore, it makes easier for them to 

forgive each other. This finding was also in line 

with the study conducted by Harianto (2001) who 

stated that college students who participated in 

aikido which showed a higher level of empathy. In 

other words, by participating in aikido and 

possessing a closer positive relationship with the 

transgressor could enhance individual‘s empathy; in 

the end, it could enhance the level of forgiveness as 

well. 

Some consideration could be a significant 

factor in this study. This study employed some 

variable that is affecting forgiveness. One of 

variables that is not controlled is the respondent‘s 

ethnic group. This study employed a college student 

within some universities that have a greater number 

of Tionghoa (Chinese) students than the other 

university. Peterson & Seligman (2004) stated that 

the culture could affect the way to forgive within 

the individual. The individualistic of western 

culture drives its people to forgive because of the 

truthness and the confidence possessed by them. On 

the contrary, the collectivistic of eastern culture 

drives its people to forgive because of their 

intention to keep the positive relationship among 

them. Tionghoa, and the entire ethnic group in 

Indonesia, included in this group are collectivistic, 

so that their drive to forgive is based on their 

intention to keep the positive relationship with the 

transgressor. 

The number of respondents in this study is 

using the minimum limitation stated by Guilford 

(1978), which is 30, and considered to be closer 

enough to represent the actual population. This 

study only employed 64 respondents across 6 

different universities, divided into 2 groups; 30 – 34 

for each groups. Moreover, the study only employs 

a small amount of respondents, which is 13 – 17 for 

each group which is divided by their length in 

aikido participating and 15 – 15 for each group 

which is divided by their achievement in grading 

level; these numbers are far from the minimum 

limitation stated by Guilford (1978). 

This study uses a measurement test which is 

adapted and added with some items. The 

questionnaire is considered having a repetitive 

meaning across the items; this confuses some of the 

respondents. On the other hand, this measurement 

instrument has the item that is relatively small, that 

is 26 items, so that the limitation above could be 

covered by this amount of the items. 

To overcome some limitation explained 

above, the following can be suggested:   

 The following study is expected to employ 

more additional respondent‘s 

characteristics, which are the factors 

affecting forgiveness, to better control the 

study. 

 Variables like ethnic group should be 

considered in the following study. Each 

ethnic group have its unique culture to 

develop forgiveness virtue. 

 The following study is expected to be 

concern about the correlation of 

forgiveness and personality factors, as well 

as the other variable in aikido. 

 The study will be more beneficial if 

followed by the comparison with the other 

martial arts. An aggressive and 

competitive martial art (e.g. karate, boxing, 

tae kwon do, etc) could become a 

comparative group in the following study. 

 The following study should be involved 

with  qualitative analysis, since forgiveness 

is a process. 

Some suggestions which are intended for the 

college student and those who is taking part in 

aikido practicing, are: 

 Martial art, including aikido, is one of the 

ways to train and build, as well as become 

an activity which could develop the virtue 

of forgiveness within the individual in 

everyday life. Developing forgiveness 

through certain activities could be more 

challenging than through a seminar, book 

or lecturing. Martial art could become one 

of this certain activities; which aikido is 

included in the choices. 

 Psychologist, school counselor, or other 

parties in every educational institution 

(where lots of juvenile delinquencies are 

occurred) should consider a martial art 

(aikido is included) as one of the method 

to develop virtue of forgiveness. 

 To develop this virtue, aikidoka should 

spend enough time in practicing in order to 

internalize the philosophy of the ethics of 
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defense. Certainly, the understanding of 

this concept can differ among individuals 

and therefore, college students who are 

practicing aikido must be encouraged to 

practice consistently; in order to develop 

forgiveness within themselves. 
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ABSTRACT 

Rural area has the potential for substantial 

nature, if it is managed and utilized properly. The 

life of a harmonious society and the nature of 

mutual helps becomes additional value to rural 

communities.  

In other words, the village has the better 

potential for economic capital as well as social 

capital than the city. Along with the development of 

the area, rural conditions gradually began to change 

with the pretext of preparation in global 

competition. The impact emerges in a fairly 

complicated issue in a form of neglect in rural 

social capital and a powerful economic capital that 

dominate. Economic capital more often controls 

every activity of society rather than social capital as 

occurr in urban communities. 

This article tries to reveal the life of a 

society who has limited access to the modernism 

due to the lack of road facility but they still can 

survive. The focus of this paper is the relationship 

of social capital and economic capital amid limited 

access of the area to the independent attitude of 

society in fulfilling their economic needs. Further, 

through this paper, hopefully, the existence of these 

communities can get more attention from the 

government related to the development and 

empowerment of communities in remote areas 

given the abundance of natural resources in the 

Region Petungkriyono. 

The method used in this research is 

descriptive qualitative method. The primary data 

were collected through 2 weeks field observation in 

Petungkriyono village, pekalongan District, Central 

Java. While, secondary data was obtained through 

internet and library research. 

The observation showed that there is social 

capital which is typical in farming communities of 

Petungkriyono. On one hand, there is a big 

influence of social capital upon economic activity 

of the society. On the other hand, the nature 

conditions and roads access also affect the 

community attitude of self-reliance in fulfilling 

their economic needs. From this writing, we can see 

that social capital in rural communities is an 

important element that can affect other elements. 

 

Keywords: Petungkriyono community, social 

capital, economic capital 

 

1 INTRODUCTION  

Petungkriyono is a district located in the 

Regency of Pekalongan, Central Java Province. 

Districts which located in the southernmost tip of 

the regency are directly adjacent Pekalongan and 

Banjarnegara Regencies. Geographically, this area 

includes the northern mountainous region 

Kendheng which is part of the Dieng area. The 

dominance of mountain areas make the most of this 

area is covered by jungle. Road access becomes 

quite difficult because of the lack of 

accommodation facilities. It takes about two hours 

to travel from city to the district. So amid the rapid 

development of villages and cities in Java, the area 

becomes a stagnant area without changing its 

meaning. 

 

 

Picture 1. Petungkriyono mapping area 

Beyond that limitation, it turns out that the 

area which lies at an altitude of 1000-1600 beneath 
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msl, has the charm of biological diversity that is 

quite interesting. Various tropical plants are 

growing wild. In fact, there are several types of 

flora that can only be found in this area. In addition, 

the state of natural forests becomes an additional 

value for this area because a lot of natural potential 

are waiting to be optimized. 

Petungkriyono community is a community 

that nearly 90% earns a meager living as a farmer. 

Most of them are subsistence farmers who farm 

only to meet their own needs without intending to 

sell them. In addition, farming is the activity 

undertaken by the society to meet the needs of the 

farming and become rubber tapper. 

Petungkriyono community can be classified 

as homogenous society. This is because almost the 

entire population lives in Petungkriyono is the 

original inhabitants since their birth. Rarely there 

are people outside who come to stay settled in 

Petungkriyono. Not infrequently they have pretty 

close kinship because usually they only marry 

people in the same village or further inter-district 

only. The homogeneous life indicates the existence 

of social capital in society. 

In the study found indications that the 

village‘s isolation is more due to condition of the 

area which is covered by forest. This also affects 

the relationship between villages. Social access 

between the villages with the other villages is not 

easy. In fact, it often takes many hours to travel 

from one village to another. This situation 

encourages people to live clustered so that the 

clumped pattern of life is almost found in every 

village. These groups inspire the presence of the 

hamlets in each village. Each hamlet has a 

governance structure led by the head of hamlets; 

the structure is under the leadership of village 

chiefs so that the chief of the village can monitor 

the activities of each group of people from the 

village reported by the head of the hamlet. This 

pattern can also be said as a government strategy to 

facilitate the coordination among the village 

communities considering the far enough location of 

one another villages. But for the society, the 

distance separating the hamlet does not reduce the 

social relationship between hamlets. There are 

some people even willing to travel long distances 

from one village to another village so that the inter 

village social fabric is not broken. Thus, although 

the access is limited, there is an attempt to avoid 

isolation. 

 

   
 

   

Picture 2. Petungkriyono Area 

This paper is expected to give a new 

discourse that is not necessarily isolated areas that 

are not advanced. Rural areas did not experience 

such rapid growth that occurred in urban areas. 

However, the village has elements which can create 

independence of the business without depending on 

other people. Furthermore, this paper is expected to 

give a little advice to the government in making 

empowerment programs. Although people can live 

independently, implicitly society actually needs to 

get more attention from the government related to 

the ease of access roads and education. It is 

inevitable that any happy life society, they will be 

unable to develop properly in case of no available 

access and fulfillment of human resources is good. 

Hope for the future existence of society 

Petungkriyono can get more attention from the 

government. 

2 DESIGN IMPLEMENTATION  

This study used qualitative methods that 

graphically using descriptive analysis in his 

discussion. In the description, depiction of a state 

based more on facts derived from data obtained 

when in the field. So, factual analysis is very 

dominant to describe this paper. 

To obtain the data, this study uses 

ethnographic research methods. In this study, the 

researcher when the field is emphasized for more 

observing people's behavior, much to see, hear, 

discuss and record because in understanding a 

phenomenon, researchers will observe the first, 

then just ask. In addition, researchers are also 

required to participate in any activities of either 

ritual or customary in society. This is done in an 

effort to see people's perception, so that perspective 

is formed emic perspective in which researchers 

view the phenomenon from the eyes of the local 

community. The result of participation observation 

and interviews that have been made in the notes 

that later became the primary data in research. In 
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addition, research libraries are also performed to 

search the literature in order to obtain secondary 

data and review of the theory of the strong. 

Research carried out for 2 weeks, on 15 to 

30 January 2010. This reasearch located in the 

district Petungkriyono, Pekalongan, Central Java. 

However, the village that became the focus of 

research is Telogopakis village, Yosorejo village, 

and village Simego. This is done with the 

consideration that the 3 villages are very 

representative of the conditions of nature and 

society Petungkriyono District.  

This reseach carried out in that village 

because of many factors. They are: 

1. that village has limited accessed to other 

village. 

2. that village has social norm and trusted with 

other. 

3 RESULT 

3.1 Identification of Capital Social 

Rural communities have a system of values 

and views that are different from urban 

communities. They have norms devices as 

guidelines in carrying out any activity in the social 

life of society. Something that is characteristic of 

the rural community is the attitude and consistent 

adherence to the existing norms of society so that 

social life becomes very attached but still in 

harmony because people consider it as part of his 

life. This is a form of social capital that exists in 

rural communities. 

Social capital refers to good interaction 

relationship between people because of the 

elements of togetherness and social trust in the 

values contained in the custom. Social capital has 

an important role in the formation of social 

integration because social capital has very close 

relationship with the growth of economic capital in 

communities. The existence of good social capital 

encourages opportunities for the creation of 

economic capital so the community financial ability 

will increase. 

Character of rural areas is closely related to 

nature. Nature becomes a part of life because nature 

is a part of rural communities, which provides the 

necessities of life. Socially, Soerjono Soekanto 

explained that the village community is a 

communal society. The villagers have a high sense 

of integrity toward others because of the strong 

kinship patterns in communities. Therefore, 

adherence values and norms become important 

features of rural communities. This concept is 

closely linked to social capital. In this sense social 

capital is social capital the basic building blocks of 

communal activities of the villagers. In society life, 

social capital is considered important because it 

provides an important contribution in shaping a 

harmonious society and independent. In addition, 

social capital is also important to set good public 

relations within society and among the public. For 

the identification of social capital in communities 

considered very important especially when the 

influence of cultural capital city began to enter the 

village for essential elements was not lost. 

 In this study, found social capital 

identified in the 3 forms of social capital that is 

skills (expertise), institutional, as well as values and 

norms contained in the community. The three forms 

of social capital ultimately synergize to promote the 

development of economic capital for the 

community Petungkriyono: 

 

1.  Skills 

 

Social capital in terms of skills pretty much 

found in the community. Although very rare 

to find a graduate degree, they are quite 

skilled in an effort to live independently. 

Skills that they get are entirely derived from 

the frequently performed habit and more 

likely to be affected due to natural 

circumstances. As happened in the 

Telogopakis village. They can estimate the 

right time to plant crops and how to care for a 

good crop. Even many black rice farmers in 

the Telogopakis village contracted to produce 

tons of “black rice” annually by the company 

in the city. The fertile agriculture fields in the 

Village Telogopakis make enough progress. 

Yosorejo Villages is a village in 

Petungkriyono which advanced because of its 

strategic location at the crossroads between 

villages. For that many people who took the 

initiative to establish a motorcycle rental 

business until ―doplak‖ as the primary means 

of transportation between villages. Then, the 

skills to grow ―ginseng‖ in the Village 

Simego make this village becomes the main 

―ginseng‖ producer which is contracted by 

the Korean company.  

 

In addition to skills in farming and trade, they 

are also skilled in science. They can create 

artificial electricity using water turbines and 

solar power. So for lighting or electric power 

needs, they are more likely to use electricity 

from windmills or solar water than electricity 
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from PLN because they do not need to spend 

tax money to pay electricity grid.  

 

   

Picture 3. Turbine and Solar Power in Petungkriyono 

2.  Institutional  

 

Different forms of social capital embodied in 

social groups are also increasingly found in 

community. The group formed usually in 

more formal society since the formation of 

community groups that tend to be based on 

the elements on the basis of kinship and 

togetherness. Based on the level, type of 

group is divided into 2 types, namely between 

village groups and groups in the village. 

However, there is also group presents only in 

one village and not found in any other village. 

Membership of the group is usually flexible, 

meaning that the participation of citizens in 

the group not be compulsory. Some social 

groups that exist are as follows: 

 

Name Description Level  Description 

P
ra

y
in

g
 g

ro
u

p
 

community 

groups to 

meet the 

spiritual 

needs. Usually 

held every 

Tuesday 

evening for 

mothers and 

Friday night 

for the 

gentlemen.  

village Each village 

has a village 

nearly all 

study groups. 

In
fo

rm
al

 s
av

in
g

 g
ro

u
p

s 

formed by 

communities 

as a means of 

share capital 

as well as 

community 

efforts to 

assist each 

other in 

financial 

affairs.  

village Village 

Every village 

almost all 

have a group 

gathering. 

P
er

h
u

ta
n

i 
L

ab
o
u

r 
G

ro
u

p
 

This group is 

usually only 

attended by 

the workers 

who were 

employed by 

Perhutani. 

They are the 

workers in 

charge of 

tapping pine 

resin. Usually 

they gather in 

Mudal, where 

the sap will be 

remitted to the 

Perhutani.  

Usually 

gather 

in 

Mudal. 

Each hamlet 

(RW) only 1 

person who 

is worked by 

the 

perhutani. 
 
 

D
o

p
la

k
 

E
m

p
lo

y
er

s 

G
ro

u
p
 

This group is 

followed only 

by citizens 

who have 

doplak only.  

Usually 

gather 

in 

Mudal. 

Not all 

employers 

doplak 

hamlet there. 

L
ab

o
r 

g
ro

u
p

s 
g

in
se

n
g

 g
ro

u
p
 Labor groups 

ginseng group 

was only 

followed by 

people who 

become 

workers 

ginseng by 

PT. Yuasa, a 

Korean 

company.  

village There's only 

village in the 

Simego 

Village. 

B
la

ck
 R

ic
e 

F
ar

m
er

s 

G
ro

u
p
 

This group 

was only 

followed by 

rice farmers in 

the village of 

Telogopakis 

black.  

village There's only 

village in 

Telogopakis 

Village. 

Diagram 1. Social Groups in Petungkriyono 

 

3. Social value  

Rural element is visible in the community 

Petungkriyono. Social values are still very firmly 

held by the public. Social values, among others: 
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Values And 

Norms  

Values And Norms embodiment 

of values in everyday life 

Togetherness  Mutual cooperation repair 

damaged roads  
 Helps repair damaged a 

neighbor's house  
 Establishing community 

associations 
Trust  There is no crime news  

  Honesty is upheld in 

society 
Mutual 

exchange of 

information 

 Social networks  how to 

grow a good crop 

 Mutual  
 exchange of information 

about the condition of 

village development  
Mutual 

Relations 
 neighborly relationship  
 Mutual help if anyone 

have a celebration  

Diagram 2. Table of Social Value 

3.2 The Role of Social Capital  

The forms of social capital can actually be 

translated into a variety of perspectives. In the 

perspective of social sciences, social capital leads 

to a description of the development of strong 

communities and strong. Social capital in sociology 

is more familiarly known as social capital.  

 Therefore, the identification of social 

capital that is used leads to 3 forms i.e., skills which 

represent forms of social capital in sociology is 

called intellectual capital and human capital, while 

institutional representing social values embodied in 

the society represent the cultural capital stage need 

more discussion with customer in order to make 

suitable implementation. 

It has become the law of nature that human 

beings will certainly try to do anything to satisfy 

their needs. To that end, a productive climate in 

increasing revenue is needed in the community. 

Social capital is formed in society to be one 

alternative to the creation of wealth in society. 

Through interaction between 3 forms of social 

capital in society made possible for the 

development of economic capital. 

Particularly, 3 forms of social capital that 

has the relationship between the shapes of one 

another. Skills that are included in human capital 

are the main subject because without skills, a 

person can not do anything. Someone who has the 

skills certainly will be able to do a good job. Is in 

the public, especially people Petungkriyono, skills 

habits formed due to a person who is always done. 

4 DISCUSSION 

Petungkriyono is formed a homogenous 

society that causes a common means of livelihood 

which have similarities too in terms of skill. For 

that, on the basis of equality and a sense of 

belonging as ―tepo seliro‖ attitude held by these 

rural communities to encourage them to establish 

an association as a social form of share. This is 

apparent when a group of tapper workers gather in 

Mudal to deposit the results of their labor; they will 

share stories about their work even on the salaries 

received. Social share what they do is based on 

income equality. With the social share of it, the 

workers will be compelled to compete to collect 

pine sap as much as possible.  

 

   
 

   
 

   

Picture 4. Social Activities 

The impact is the growth of economic 

capital among the workers. In addition, the social 

share is also formed in the group of mothers in 

social gathering. But there is a little difference, in 

social gathering not only socially but also share 

capital. Social share based on the principle of 

kinship and mutual aid that allows the emergence 

of economic capital with indicators of share capital 

which will encourage the growth of economic 

capital. 

Both forms of social capital will not run on a 

solid without the values and norms that exist in 

society. Because the driving force of the above two 

forms of social capital is a feeling of togetherness, 

trust, social networks and relationships 
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pertetanggaan good in society. So, with the 

collaboration of synergy between the skills, 

institutions and values and norms that exist in 

society will create opportunities for the 

development of economic capital. At least 

economic growth will increase because of climate 

productive in trying to have created. 

Petungkriyono Society is a unique 

community. Amid limited access to other areas, 

they still survive. Homogeneous-paced life because 

of the similarity for livelihood activities and social 

relationship that lead to wake up close. Social 

relations based on equality and a sense of belonging 

that indicate the presence of social capital. Social 

capital is unclear, described as the embodiment of 

good interaction between the various components 

of society ranging from human resources, 

developing ideas, and values and norms that exist in 

society. Therefore, if social capital can develop 

properly then independence will be created. Society 

with good social capital is usually the people who 

have a strong attachment between its members and 

have a common vision. 

The forms of social capital can actually be 

translated into a variety of perspectives. In the 

perspective of social sciences, social capital leads 

to a description ofof the development of strong 

communities and strong. Social capital in sociology 

is more familiarly known as social capital. 

Therefore, the identification of social capital that is 

used leads to 3 forms ie, skills which represent 

forms of social capital in sociology is called 

intellectual capital and human capital, while 

institutional representing social values embodied in 

the society represent the cultural capital. 

Petungkriyono is covered by jungle. Because 

of that, petungkriyono can be regarded as an 

isolated area. Risk road conditions make this area 

more distant from the city. But for people 

Petungkriyono, this is not an obstacle to become a 

developed society and independent. When viewed 

from the level of education, public interest 

Petungkriyono low indeed. Judging from the level 

of technology was also quite low. But they are very 

interest with some of the progress that they see 

from television or immigrants who had come to 

Petungkriyono.  

Limited access is not a barrier for them to go 

forward because in fact they already have the 

capital to go forward and develop independently. 

The existence of social capital that has been 

strongly intertwined in society becomes one of the 

main capitals. Gradually they can grow and seek 

independent. The existence of the spirit to seek is 

driven by the social club and the spirit of 

togetherness makes them optimistic for the 

advanced and can meet with independent living.  

5 CONCLUSION 

 Social capital that exists in the community 

can be identified as a form of social relations in 

society. Forms of social capital that exist in 

Petungkriyono Community can be identified in 3 

forms of skills, institutions and values and social 

norms. Skills become the main capital because 

human without skill can not work properly. Later 

used as the trigger values and norms while at the 

same time serve as a means of institutional 

development facilitator of economic capital.  

Combination of 3 type social capital can 

enable the emergence of opportunities for economic 

capital. The emergence of economic capital in 

society is expected to spur economic growth in the 

community so as to create independence in the 

community. That way, entrepreneurial attitude will 

developing society. 
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ABSTRACT 

This study investigates effect of servant 

leadership and Work Design. As an antecedent, 

servant leadership is predicted has an effect on 

knowledge characteristics of work design. 

Furthermore, the different culture was investigated. 

This Study collected data from 537 

employees in Indonesia and Taiwan. The Structural 

Equation modeling was used to investigate the 

model of fit and the different culture responses. The 

multiple regressions were also used to test the effect 

of each servant leadership dimension on knowledge 

characteristics. This study found that empowerment 

effect to all dimensions of knowledge 

characteristics, significantly. Whereas, leader 

service effect to the skill variety of work design. 

 Implication of the findings for organizations 

and suggestions for future research are discussed. 

 

Keywords: Work design, knowledge 

characteristics, servant leadership 

 

1 INTRODUCTION  

A fresh view of leadership is emerging that 

no longer focuses on an elite handful of super-

humans. Rather, it speaks to a larger group of 

individuals who possess the ability to lead people to 

guide themselves to what they were always capable 

of doing. Scholars classified as leaders may be said 

to possess high energy levels, commitment to some 

cause or purpose, responsibility, and credibility. As 

expressed by many scholars on leadership, the 

servant leader actively cares for the welfare of 

others with courage, compassion, humility, and 

flexibility. Many companies that have adopted total 

quality management or that utilize self-managed 

work-teams are already using servant leadership.  

Servant leadership that addressed to the 

leader's personal moral objects (Turner, 1997) was 

known able to involve interaction between the 

leaders and their subordinates more intensively. 

Servant leadership was also has greater impact by 

affecting the values, attitudes and behaviors of 

subordinates (Meglino et al., 1991). Based on the 

previous study (Li, 2006), servant leadership have 

some characteristics such as listening, empathy, 

healing, awareness, persuasion, conceptualization, 

foresight, stewardship, commitment to the growth 

of others, and building community. These 

characteristics were able to serve their followers 

best and encourage others not only to engage in 

independent moral reasoning such as perform the 

job well, but also to follow it up with constructive 

participation in organizational governance (Graham, 

1995). Previous study found that servant leadership 

related to behavioral and attitudinal outcomes (Li, 

2006) such as Job satisfaction (Ikel, 2005) and 

motivation (Graham, 1995). The study found that 

the services of leader were also able to both 

supported and withdraw employee desires and close 

to performance effort.  

Nowadays, work was designed to increase 

the spawn use of assembly-line systems that 

maximized employee efficiency and minimized the 

employee skills needed. It is needed to increase the 

work performance indeed. Morgeson & Humphrey 

(2006) proposed the concept of work design to 

increase the performance work achievement. One of 

the critical work designs was known as knowledge 

characteristic. It is related to maximize employee 

work performance (Morgeson et al, 2003; 

Humphrey et al, 2007). Hence, servant leadership 

collaborated to the work design may strengthen the 

antecedent of performance. Accordingly, the 

investigation on the relationship between servant 

leadership and work design was plausible. 

The dimension of servant leadership 

(included, empowerment, service and vision) was 

able to strengthen design of work (especially on the 

knowledge characteristics). Leader vision directs 

the work process on its objectives consistently. The 

service intention of leader to their subordinate was 

become social interaction between leader and 

employee. Whereas, empowering from leader, 

strengthen the capability of subordinate on work 

processes. 

This research suggested that servant 

leadership have direct effects on the subordinate 

knowledge characteristics on the job, significantly.  
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2 CONCEPTUAL BACKGROUND 

AND HYPOTHESES  

2.1 Servant Leadership 

In the beginning of leadership studies, it was 

found that leader has relationship on employees‘ 

motivation, commitment, improve communications 

on group, enhance employee‘s participation and 

involvement, and improve employee‘s satisfaction 

and performance (Heller and Yukl, 1969, Atwater, 

2009, Gooty et al 2009). Leader such as within the 

concept of servant-leadership (Turner, 1997), 

addressed the leader with the natural feeling that 

one wants to serve and to serve first. It was 

identified by ten characteristics such as listening, 

empathy, healing, awareness, persuasion, 

conceptualization, foresight, stewardship, 

commitment to the growth of others, and building 

community.  Servant leaders serve their followers 

best and encourage others not only to engage in 

independent moral reasoning such as perform the 

job well, but also to follow it up with constructive 

participation in organizational governance (Graham, 

1995). Servant leadership were characterized by 

empowering behavior, vision, and service intention 

(Li, 2006) 

Previous study found that servant leadership 

related to both behavioral and attitudinal outcomes 

such as Job satisfaction (Ikel, 2005) and motivation 

(Graham, 1995).  It involves interaction between the 

leader and his or her subordinates more intensive 

and may have greater impact by affecting the 

values, attitudes, and behaviors of subordinates 

(Meglino et al., 1991). Services of leader will also 

have different outcomes (Li, 2006) such as able to 

support and withdraw employee desires and close to 

performance effort.  Hence, servant leadership is 

meaningful on the sub ordinate perception to gain 

their success. Previous studies of effect of servant 

leadership on personal subordinate, such as 

performance, commitment, motivation, were in still 

limited (Atwater, 2009, Gooty et al 2009).  

Accordingly, scholar was invited to 

investigate the effect of servant leadership on 

outcomes, both for the individual level, and group 

or organizational level. This study that was aimed to 

expand the broader effect of servant leadership on 

the organizational level i.e., work design of 

Morgeson (2006). 

2.2 Knowledge Characteristic of Work 

Design  

Knowledge characteristics of the job design 

included job complexity, information processing, 

problem solving, skill variety and specialization 

(Campion & McClelland, 1993). They reflected the 

kinds of knowledge, skill, and ability demands that 

are placed on an individual as a function of what is 

done on the job (Morgeson, 2006).  In common, the 

study of work design was aimed to maximize the 

effect of performance on work. Previous finding of 

this characteristic has found significant effect on 

performance such as performing complex and 

difficult job, performing variety of work and 

multiple tasks, and performing specialized tasks 

(Hackman et al, 1980).  

Knowledge characteristic of Work Design 

Questionnaires (WDQ) found support and 

contribute on performance. However, study of 

Morgeson (2006) and Humphrey (2007) have not 

equivalent findings on the relationship of 

Knowledge characteristics and performance. The 

study of Morgeson (2006) sought that effect of 

knowledge characteristics on high performance was 

influence by the coverage of knowledge 

characteristics dimensions it self. Whereas, 

Humprey (2007) argued that knowledge 

characteristic has average highest contribution on 

performance among other WDQ characteristics.  

Knowledge characteristics of work design 

were adequate to increase the spawn use of 

assembly-line systems that maximized employee 

efficiency and minimized the employee skills 

needed (Morgeson et al, 2006). It was become 

critical to create the work environment to achieve 

best performance on work. While, leader becomes 

important to give direction on the work process. 

Actions and intentions of leader able to maximize 

employee skills on work by help their subordinates, 

listen their voice, increase empathy, aware to the 

situation, stewardship, commitment to the growth of 

others, and building community.  The concept of 

servant leadership included empowering, vision, 

and service intention of leader (Li, 2006) increase 

their subordinate become more effective on work.  

Point to the explanations, different intention 

of the servant leadership indicated to be influence 

their subordinate on knowledge characteristics of 

work, that in turn have different effect on work 

achievement. Thus, this study is important to 

predict that servant leadership effect employee 

knowledge characteristics on work: 

Hypotheses 1: Empowering was positively 

influence to the knowledge 

characteristics (a. job complexity, 

b. Information processing, c. 

Problem solving, d. skill variety 

and e. Specialization) 

Hypotheses 2: Leader vision was positively 

influence to the knowledge 
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characteristics (a. job complexity, 

b. Information processing, c. 

Problem solving, d. skill variety 

and e. Specialization) 

Hypotheses 3: Leader intention to serve was 

positively influence to the 

knowledge characteristics (a. job 

complexity, b. Information 

processing, c. Problem solving, d. 

skill variety and e. Specialization) 

2.3 Cross Culture Analysis 

Since the early 1990s, servant leadership has 

grown as a discrete area of leadership studies, 

particularly in the North American and European 

contexts. While this if valuable, to date, little has 

been done to study the value and applicability of 

servant leadership in the eastern context, from 

individualist to collectivist cultures (Smith & 

Hume, 2005). There is an increase of interest in 

literatures now days. For example, studies 

conducted by Singhapkadi et al. (1999) found 

significant differences in moral philosophy across 

national cultures, especially between South African 

and American counterparts, and Thai people and 

Americans. Otherwise, Attia et al.(1999) founds 

that Middle Eastern peoples are be more idealistic 

than American one, Korean managers had higher 

idealism than Americans (Lee & Sirgy, 1999). 

Moreover, Davis et al. (1988) found that Indonesian 

students were highest relativists than American 

students. Whereas, Chinese is rely on less 

―idealistic‖ than Western counterparts, when 

making ethical decisions.  

Hence, it is not surprising that such 

differences in ethical culture exist even within Asia, 

given the diversity of cultures within this region, 

and the dynamic nature of values within any given 

region. A number of authors have warned against 

the generalization of ―Asian values‖ in discussions 

in philosophical roots, and societal and economic 

development (Koehn, 1999). Other studies support 

the lack was related to the ethical decision making, 

which is less concerned on humanitarianism and 

more couched in self-interest (McDonald and Pak, 

1996) or economic considerations (Lin, 1999). 

Thus, to contrast ―East‖ and ―West‖ is appropriate 

to examine the values of the different of Eastern‖ 

countries. Accordingly, this study investigated 

Indonesia and Taiwan represent the eastern context 

and looking for the different effect of servant 

leadership to the knowledge characteristics. 

 

2.4 Method  

Participants 

Participants were 537 employees from 

various businesses in Indonesia and Taiwan. 

Participants were approximately 33.45 years old, 

174 (32.5%) participants were male, and 408 (76%) 

participants were married. The 118 (59.2%) 

participants were graduate from senior high school 

and below, 63 (11.8%) participants were graduate 

from university.  

 

Measurement 

To test the hypotheses, this study firstly 

tested the model of fit. The model was included 3 

servant leadership‘s dimension and 5 knowledge 

characteristics. This study used Amos to test the 

overall model of fit and cross culture analysis. The 

multiple regressions were used to test the effect of 

each dimension of servant leadership on knowledge 

characteristics. 

 

Measure Development Strategy 

Items were written by the authors or 

obtained from previous research. After review of 

wording, content, and so forth, 43 item sets for total 

items were retained for inclusion in the instrument. 

Responses were made on a 5-point Likert-type scale 

with scale anchors ranging from 1 (strongly 

disagree) to 5(strongly agree). 

Knowledge characteristics were measured 

using 20 items taken from Morgeson & 

Humphrey‘s (2006) WDQ. Participants were asked 

i.e., ―The job requires a variety of skills‖. The 

knowledge characteristics 5 dimensions included 

Job Complexity (M=3.11, SD=0.72, Cronbach‘s  
= .566), information process (M=4.07, SD=0.63, 

Cronbach‘s  = .741), skill variety (M=3.94, 

SD=0.74, Cronbach‘s  = .856), problem solving 

(M=3.90, SD=0.60, Cronbach‘s  = .589) and 

specialization (M=3.99, SD=0.56, Cronbach‘s  = 

.733).  
Servant Leadership was measured using 23 

items taken from Page and Wong (2003). 

Participants were asked regarding to their direct 

supervisor, i.e., ―seeking to serve rather than be 

served‖. A Five-point likert-type scale was used, 

and the individual items were averaged (Cronbach‘s 
 = .946; M=3.76, SD=0.56). 
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Table 2 
Effect of servant leadership on knowledge characteristic 

 Knowledge characteristics 
 Job 

Complexity 

 

Information 

Processing 

 

Problem 

Solving 

 

Skill 

Variety 

 

Specializa

tion 

 

Empowering .210** .266** .244** .234** .370** 

Vision -.079** -.016** -.099** -.155** -.049** 

Service .006** -.065** -.015** -.043** -.056** 

R
2 
 .027** .046** .030** .048** .099** 

F  4.869** 8.549** 5.557** 9.054** 19.570** 
* significant at the 0.05 level (2-tailed). 

** significant at the 0.01 level (2-tailed) 

3 RESULT 

3.1 Model of fit 

Evaluate the adequacy of the model of fit, 

the index of fit show Goodness of fit with Model of 

fit use to evaluate the adequacy of the model of fit, 

GFI=.991, AGFI=.923, RMR=.011, CFI = .990, 

NFI=.988, and RMSEA = .083. 
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Figure 2. Model Goodness of fit 

Emp (Empowerment), Svs (Service), Vis (Vision), JC (Job 

Complexity), IPs (Information processing), SV (Skill Variety), 

PS (Problem Solving), and Spec (Specialization)  

3.2 Hypothesis testing 

Table 1 presents the Mean, Standard 

Deviation, correlations, and Cronbach‘s . Table-1 

informed servant leadership dimensions are 

correlated positively to knowledge characteristics 

dimensions excludes job complexity and problem 

solving.  

Hypotheses-1 sough that empowerment 

would positively effect to each of knowledge 

characteristics (a. job complexity, b. Information 

processing, c. Problem solving, d. skill variety and 

e. Specialization). Hypotheses-2 sough that Leader 

vision was positively effect to each of knowledge 

characteristics, and the hypotheses 3 sough that 

Leader intention to serve was positively effect on 

each of knowledge characteristics.  
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Figure 3. Indonesian data set 

Emp (Empowerment), Svs (Service), Vis (Vision), JC (Job 

Complexity), IPs (Information processing), SV (Skill Variety), 
PS (Problem Solving), and Spec (Specialization)  

 
Table 3 

Significant Different for Indonesia and Taiwan Data set 

Indonesia vs. Taiwan t- value 

JC <--- emp 3.934 

PS <--- emp 3.126 

Spec <--- emp 2.194 

JC <--- Svs -2.034 

IPs <--- Svs -3.497 

IPs <--- Vis 2.528 
Emp (Empowerment), Svs (Service), Vis (Vision), JC (Job 

Complexity), IPs (Information processing), SV (Skill Variety), PS 
(Problem Solving), and Spec (Specialization) 
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The result shows in the table 2 present that 

leader empowering behavior was effected to Job 

complexity (=.210, p<.001), information 

processing (=.266, p<.001), problem solving 

(=.244, p<.001), skill variety (=.234, p<.001) 

and specialization (=.370, p<.001), thus 

hypothesis-1 was supported. The leader vision was 

effected to job complexity =.079, p<.01) and 

skill variety (=.-.155, p<.01), thus hypothesis-2 

was partially supported.  The leader service 

behavior was not effect to all of knowledge 

dimensions, thus hypothesis-3 was not supported.  

 

.25

emp

.23

Svs

.20

Vis

JC

IPs

SV

PS

Spec

.71

.35

.63

.58

.55

-.45

-.51

-.30

-.27

.07

-.26

-.09

-.29

.33

.02

.50

e1
1

.22

e2
1

.52

e3
1

.28

e4
1

.16

.18

.15

.19

e5
1

 

Figure 4. Taiwanese data set 

Emp (Empowerment), Svs (Service), Vis (Vision), JC 
(Job Complexity), IPs (Information processing), SV 

(Skill Variety), PS (Problem Solving), and Spec 

(Specialization)  

 

Cross culture investigation was present in 

table 3. It shows the different effect of 

empowerment to the job complexity (t=3.934), 

problem solving (t=3.126) and specification 

(t=2.194) between Indonesian‘s and Taiwanese‘s 

leader. It was also different effect of leader‘s 

service to job complexity (t=-2.034) and 

information processing (t=-3.497) between 

Indonesian‘s and Taiwanese‘s, and effect of leader 

vision to information processing (t=2.528). 

 

4 CONCLUSION AND DISCUSSION 

4.1 Discussion 

This study predicted servant leadership 

effect to knowledge. All dimension of servant 

leadership was used to predict knowledge 

characteristics. Dimension of empowering on the 

servant Leadership has an effect to all knowledge 

characteristics. This finding indicates the intension 

of empowering process to employee significantly 

support the adequacy of the knowledge 

characteristics such as job complexity, information 

processing, problem solving, skill variety, and 

specialization (p<.01). The leader vision was 

significantly effect to job complexity, and skill 

variety (p<.05). However, the leader services have 

no effect on knowledge characteristics, significantly 

(p>.05). 

However, this study found that the effect of 

servant leadership on the knowledge characteristics 

were significantly different between Indonesia and 

Taiwan. 

 

Managerial Implication 

These findings indicate that the leaders have 

to increase their concern to their sub ordinate in 

order to highly feel endorsed on the job. Knowledge 

characteristics were important on the recruitment, 

selection and adaptation process. Moreover the 

staffing process was included performance 

evaluation, training and development, reward and 

punishment, career and retirement management. 

Hence, accuracy of leader support was significantly 

effect on their subordinate capability to have higher 

achievement, and career opportunities.  

Leader vision effect the policy of work 

design to increase the effectiveness of work 

activities. Whereas leader‘s service to their 

subordinate supports the process of their staff work 

action, efficiently and effectively.  

In order to the employee empowerment 

defined by Randolph (1995) and Blanchard et al. 

(1996), it is ―a transfer of power‖ from the 

employer to the employees and is not only having 

the freedom to act, but also having higher degree of 

responsibility and accountability. Accordingly, 

Leader empowers their subordinate by giving a 

discretion (or latitude) over certain task related 

activities (Bowen and Lawler, 1992; Conger and 

Kanungo, 1988; Schessinger and Heskett, 1991), 

and coaches and help employees to solve problems 

in organization Malone (1997). Hence, subordinates 

to be more satisfied with their leader, and perform 

to the leader‘s expectations.  

Application of good leadership in 
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organization is in a position to tap into expressed 

thoughts of others, give verbal expression to their 

feelings, able to delegate and empower employees. 

Good leadership inspires the subordinates, using 

vision, leader also empowers employees through 

training and development. Hamish (2004) 

―leadership is not only having innovative ideas‖, 

but it is also getting people to follow, not just in 

dragooned single file, but with pride, aflutter in 

their hearts and expectations. Therefore, support of 

servant behaviors of empowerment would 

meaningful for increase both perception and real 

adequacy of knowledge requirement of the 

subordinate jobs. 

4.2 Limitation and Future Research 

Direction 

Notwithstanding these contributions, this 

study also has several limitations. Although this 

allows us to rule out leadership-related explanations 

for the observed findings (knowledge 

characteristics), it is an open question as to whether 

these results will generalize to other, work design 

characteristics (i.e. task, social and ergonomics of 

job characteristics). The finding or non-significant 

of support of vision on few of knowledge 

characteristics, and leader‘s service for all 

knowledge characteristics, might explain in other 

characteristics. Leader‘s service behaviors that tend 

for helping on the technical job might support on 

the task or ergonomics characteristics of work 

design. It might because both service and task was 

on the same level of practical work. Finally, 

although these results support our hypotheses 

partially, additional research should be conducted to 

measure other concept of leadership such as 

transformational leadership, charismatic leadership 

and so on. Investigate the others work design 

characteristics related to each dimension of servant 

leadership. Also explore the mediation variables on 

these relationships and observe different moderators 

to investigate strengthen of their relationships. 
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ABSTRACT 

The study is purposed to understand the 

relationship between job satisfaction, life 

satisfaction and demographic data among female 

Indonesian migrant workers in Taiwan. Six 

hypotheses are developed and survey methodology 

is adopted to test the hypotheses. Data collected 

from various cities in Taiwan and gathered 284 

respondents with cluster sampling as proportioned. 

To measure the construct measurement, 

validity test by using factor analysis and reliability 

test by using internal consistency (Cronbach‘s 

Alpha) were examined. Correlation analysis, one-

way ANOVA and regression analysis examined to 

test the hypotheses. The findings indicated that 

education background is not making difference 

mean for each of job satisfaction, and life 

satisfaction. On other hand, working period give 

difference mean for job satisfaction and life 

satisfaction. Same with other previous studies, the 

correlation between job satisfaction and life 

satisfaction is positive and significant. Furthermore, 

job satisfaction explains 18.7% of life satisfaction 

and job satisfaction full mediated for working 

period to life satisfaction. 

 

Keywords:  job satisfaction, life satisfaction, 

educational background, working duration, female 

migrant workers. 

 

1 INTRODUCTION 

In October 1989, Taiwan accepted 

legislation allowing the importation of foreign labor 

from limited number countries in order to meet the 

demands of planned construction projects. In 1992, 

female migrants were legally acceptable to work as 

domestic labors and as care giving for the elderly 

(Chan, 1999). This legislation caused migrant 

workers from many countries especially from 

developing countries in South East Asia came to 

Taiwan such as Indonesia, Philippines, Vietnam, 

and Thailand. 

In terms of gender, women are 

predominantly channeled into sectors that are 

vulnerable to exploitation and abuse. In the 

category of care giving, a trend toward a 

hierarchical structuring between Filipinas and 

Indonesians, with Indonesian women often doing 

the dirtier and more demanding jobs of caring for 

the sick and elderly. Despite the fact that the 

majority of Indonesian women workers are 

contracted to work as care givers, a significant 

number actually work in various capacities in 

family businesses as well as working as maids in 

the family home (Loveband, 2004). 

According of Council of Labor Affair ROC, 

in the end of April 2010, there were 362,118 

migrant workers from different country which work 

at many sectors. Compare to others, Indonesian 

workers are the largest one. In the end of April 

2010, the number of registered Indonesian migrant 

workers was 146,189 persons. From this number, 

128,294 persons or 87.76% of population are 

women (Table 1) and according Fact Sheet from 

The World Bank (January, 2006) more than 90% of 

female Indonesian migrant workers work in the 

informal sector as housemaids and as caregivers to 

the elderly. The rest works in the agricultural and 

industrial sectors as daily labors, shop assistants, 

and as waitresses. 

 
Table 1. Foreign Workers in Productive Industries and Social 

Welfare by Nationality and Sex 

Country Male Female Total 
Indonesia 17,895 128,294 146,189 
Malaysia 10 0 10 
Philippines 25,445 49,582 75,027 
Thailand 52,968 9,462 62,430 
Vietnam 35,893 42,568 78,461 
Mongolian 0 1 1 
Grand total 132,211 229,907 362,118 
Source: Council of Labor Affairs, ROC (April, 2010) 

 

In this case, female Indonesian migrant 

workers are the largest population among foreign 

workers in Taiwan. However, most of them work in 
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low skill job. In labor market, low skill jobs could 

easily fill positions requiring little in the way of 

education, experience, or training. Besides the lack 

of skills among them, in reality, migrant workers 

still considered as a commodity or an economic 

object because with little formal education or work 

experience.  

Robert et.al (1985) indicated a need for 

research examining the functional relationship 

between job satisfaction and general life 

satisfaction. Most studies have suggested that job 

satisfaction influence life satisfaction (Ramazan 

et.al, 2008; Near, 2004; Rain, Lane and Steiner, 

1991; Heller, Judge and Watson, 2002). 

Many studies have reported significant, 

positive relationships between job satisfaction and 

life satisfaction (Rain, Lane and Steiner, 1991). 

Research has established the relationship between 

job and life satisfaction as being significant and 

positive (Pearson product moments generally 

ranging from 0.31 to 0.44) (Rode, 2004). 

Researchers have argued that job satisfaction and 

life satisfaction should be related because of time 

devoted to the work role and because work has been 

identified as a central life interest (Dubin, 1956) 

thereby affecting overall feelings about one‘s life. 

Attempting to explain the dynamics 

underlying the relationship between these variables, 

the theoretical foundations derived from study of 

Diener (1984) and essentially focuses on life 

experiences (‗bottom-up‘ argument that views life 

satisfaction as the result of satisfaction with life 

domains such as work, family, leisure) and on 

dispositions (‗top-down‘ that people enjoy life 

experiences in a psychological sense rather than 

objectively because they are happy people). 

Furthermore, Rode (2004) assumes that the 

significant relationship between life and job 

satisfaction is the result of spurious correlation. 

Finally, the suggestion by Brief et.al (1993) that an 

interaction explanation will prevail (experience and 

personality) deserves serious consideration. 

Judge, Boudreau and Bretz (1994) reported 

that there is significant in the job satisfaction-life 

satisfaction relationship particularly. Their study 

included directional measures of work-family 

conflict (as well as job and life satisfaction, stress, 

etc.) with result the effect of job satisfaction on life 

satisfaction was significantly stronger than the 

effect of life satisfaction on job satisfaction. There 

is some empirical evidence to support this 

relationship. Beutell (2006), for instance, found that 

overall measure of work-family synergy was 

significantly related to life satisfaction. 

Furthermore, the motivation of this study is 

to know relationship between some variables 

among female Indonesian migrant workers. The 

variables are education background, working 

period, job satisfaction and life satisfaction. 

2 FRAMEWORK, CONSTRUCT, 

AND HYPOTHESES  

The conceptual model and construct 

measurements of research constructs such as 

demographic questioner, job satisfaction questioner 

and life satisfaction questioner are introduced in 

section. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The research model of this study. 

Most constructs/measures were multiple 

items, which required the respondent to rate items 

on a scale. The social demographic variables such 

as age, hometown, marriage status, educational 

background level, employment category, working 

period and work location were ascertained directly 

from the questionnaire. The construct measurement 

of the research constructs are decrypted in the 

following. 

2.1 Job Satisfaction 

Now, assume that we can measure the 

individual‘s utility through questions about the 

individual‘s satisfaction with her job or life. Job 

satisfaction survey (JSS) is a questionnaire used to 

evaluate three dimensions of job satisfaction in low 

skill job, especially in service sector. In order to 

take the test, the participants are asked to respond to 

7 items in three subscales (like/dislike dimension 

 1,2,3], job balanced dimension  4,5], worker‘s 

right opportunities dimension [6,7]). The scale 

which is used is same for all questionnaires: (very 

satisfied, satisfied, not satisfied or dissatisfied, not 

satisfied, and very dissatisfied) five choices in all, 

with which the participants must respond. The 

seven-questionnaire items of job satisfaction listed 

as following. 

1. How do you feel about your kind of job? 

2. How do you think about your boss/your 

employer? 

Job satisfaction Life satisfaction 

Education background 

Working period 

Working period 



The 2nd Annual Indonesian Scholars Conference in Taiwan                                                                                                  
 

53 

 

ISSN 2086-5953 

 

3. How about the conditions where you work? 

4. How about your wage, are you paid with fair? 

5. How do you think about the accordance of 

employment contracts with your work?  

6. How about the chance for leisure time? 

7. How about the chance for praying at prays 

time? 

2.2 Life Satisfaction 

In the data set used here, life satisfaction is 

measured in terms of five levels Likert scale 

ranging from ‗very good‘ to ‗very bad‘ adopted 

from Life Satisfaction Survey (LSS). Then we can 

estimate the following empirical model: ‗very 

good‘, ‗fairly good‘, ‗neither good nor bad‘, ‗fairly 

bad‘, and ‗very bad‘ which the participant also must 

respond. The eight-questionnaire items of life 

satisfaction listed as following. 

Eight-questionnaire items listed separately as 

following: 

1. How about your dreams, hopes and ideals? 

2. How about your optimists‘ value?  

3. When you feeling anxious or depressed, how 

about your ability to calm down? 

4. How about your ability to find positive ways 

when deal with stress? 

5. How do you feel happy about your relationship 

with your family? 

6. How about your life balanced between works 

with your personal life? 

7. How about your emotion/psychology in daily 

life? 

8. How about attitude in your life with gratitude? 

2.3 Demographic Information 

The questionnaire items related with the 

respondents are included at the last section of the 

entire questionnaire. 

1. age of the respondent 

2. hometown of the respondent 

3. marriage status of the respondent 

4. education background level of the respondent 

5. occupation of the respondent 

6. working period of the respondent 

7. work location of the respondent. 

2.4 Hypotheses to Be Tested 

Numerous sets of research hypotheses were 

developed in this study for the following empirical 

validation:  

H1:  There is differentiation between education 

backgrounds to job satisfaction 

H2:  There is differentiation between education 

backgrounds to life satisfaction 

H3:  Working period would be positively related 

to job satisfaction 

H4:  Working period would be positively related 

to life satisfaction 

H5:  Job satisfaction would be positively related 

to life satisfaction 

H6: Job satisfaction would mediate the relation 

between working period and life satisfaction. 

3 RESULT 

This section is to present the basic part of the 

characteristics of the research variables, analysis, 

and empirical results. To measure the construct 

measurement, validity test by using factor analysis 

and reliability test by using internal consistency 

(Cronbach‘s Alpha) were examined. Correlation 

analysis, one-way ANOVA and regression analysis 

examined to test the hypotheses. Reliability 

coefficients for all measures was satisfactory 

(Cronbach‘s alpha .70 and above). 

3.1 Data Collection 

This research adopted convenience survey in 

the period from 25
th

 April to 16
th
 May 2010. The 

questionnaires were distributed to a sample of five 

hundred (500) female Indonesian migrant workers 

in Taipei, Taoyuan, Hsincu, Taichung, Chiayi, 

Tainan, Kaohsiung and Pintung. Two hundred and 

eighty four (284) data were collected, mostly from 

Taipei City which 118 data were drawn.  

This research use proportioned cluster 

sample. According to National Immigration Agency 

(April 2010), there were total 128.638 female 

Indonesian in Taiwan with distributed into 5 

sectors: Northern Taiwan, Central Taiwan, Southern 

Taiwan, Eastern Taiwan, and Island area. Total 

female Indonesian population in Northern Taiwan 

were 51.67%, in Eastern Taiwan were 4.69%, in 

Central Taiwan were 21.17%, in Southern Taiwan 

were 21.79%, and in island outside Formosa Island 

were 0.68%. It was difficult to get respondent from 

Eastern Taiwan and Islands sectors, then we joined 

Eastern Taiwan with Northern Taiwan (total 

56.36%) and also Islands area with Southern 

Taiwan (total 22.47%).  

This study tries to get near to population 

percentage. We collected 284 samples from various 

place in Taiwan with 56.34% of respondents are 

from Northern Taiwan, 21.13% are from Central 

Taiwan, and 22.54% are from Southern Taiwan. 

Table 2 show the distribution of the population and 

sample which indicate that between population and 

sample almost has same total area percentage. 



54   The 2nd Annual Indonesian Scholars Conference in Taiwan 
 

 

ISSN 2086-5953 

 

Table 2. Statistical-geographic population distribution of female 
Indonesian and sample of research 

Population Sample 

County/City N % County/City N % 

      Taoyuan County 12.425 

 

Taoyuan 19 

 Hsincu County 4.05 

 

Chungli 20 

 Keelung City 2.191 

 

Hsinchu 3 

 Hsinchu City 3.567 56.36%     56.34% 

Taipei City 23.853 

 

    

 Ilan County 2.901 

 

    

 Taitung County 1.001 

 

    

 Hualien County 2.125 

 

    

 Mioli County 3.915 

 

Taichung 60 

 Taichung County 7.64 

 

    

 Changhua County 5.96 21.17%     21.13% 

Nantou County 2.789 

 

    

 Taichung City 6.929 

 

    

 Yunlin County 3.909 

 

Chiayi 7 

 Chiayi County 2.965 

 

Tainan 7 

 Tainan County 4.095 

 

Kaohsiung 46 

 Kaohsiung County 4.011 

 

Pingtung 4 

 Pintung County 3.387 

 

    

 Chiayi City 1.323 22.47%     22.54% 

Tainan City 3.105 

 

    

 Kaohsiung City 5.237 

 

    

 Penghu County 489 

 

    

 Kimen County 307 

 

    

 Lienchiang County 81 

 

    

 Total 128.638 100% Total 284 100% 

3.2 Characteristics of Respondents 

This research‘s characteristics of respondents 

show 1.41% of respondents are under 20 years, 

52.82% are 20-30 years, 42.61% are 30-40 years 

and 3.17% of the respondents are more than 40 

years. Most of them (46.48%) are from East Java 

and more than half of respondents are married 

(56.69%) and 14.08% are divorced. From their 

educational background level, 51.06% of 

respondents are from junior high school, 39.44% 

are from senior high school, and only 1.41% of 

respondents have bachelor degree. According to 

work category, 77.11% of respondents are as 

caregiver, 7.75% are as babysitter, 8.10% are in 

manufacturing, and rest 7.04% are in other kind of 

job. About 40.14% of respondents have been more 

than 3 years in Taiwan, 26.06% are between 2-3 

years, 25.00% are between 1-2 years, and 8.80% of 

respondents are less than 1 year. And also the 

largest sample is from Taipei with 41.55% of 

respondents.  

3.3 Measurement Results for Relevant 

Research Variables 

The descriptive statistics of the constructs of 

the questionnaire for the respondents are shown in 

Table 3 provides in detail about the descriptive 

statistics of the questionnaire items. The results of 

means and standard deviations indicated that, for 

average job satisfaction, respondents tend to 

perceive between neither satisfied/dissatisfied and 

satisfied with mean scores=3.54 (SD=.693) in five-

point Likert scale range. Then for average life 

satisfaction, respondents tend to perceive near to 

satisfied with mean=3.87 (SD=.650). These results 

seem to indicate that the respondents have moderate 

evaluations on job satisfaction and life satisfaction.  

 
Table 3. Descriptive statistics of job satisfaction and life 

satisfaction (N=284) 

 N Mean Median SD 

Job Satisfaction 1 284 3.44  .905 

Job Satisfaction 2 284 3.43  .805 

Job Satisfaction 3 284 3.51  .930 

Job Satisfaction 4 284 3.85  .832 

Job Satisfaction 5 284 3.83  .858 

Job Satisfaction 6 284 3.35  1.090 

Job Satisfaction 7 284 3.37  1.165 

Life Satisfaction 1 284 4.47  .883 

Life Satisfaction 2 284 3.73  1.213 

Life Satisfaction 3 284 3.41  1.017 

Life Satisfaction 4 284 3.47  1.094 

Life Satisfaction 5 284 4.37  1.006 

Life Satisfaction 6 284 3.46  1.153 

Life Satisfaction 7 284 3.46  1.231 

Life Satisfaction 8 284 4.57  .844 

Average Job Satisfaction 284 3.54 3.57 .693 

Average Life Satisfaction 284 3.87 3.88 .650 

 

The internal consistency of this construct is 

also presented, high coefficient of Cronbach‘s alpha 

(α = .854) confirmed the reliability of the 

measurement items (α ≥ 0.70). For the construct of 

life satisfaction indicates that all 8 variables within 

one factor that consist of high degree of internal 

consistency (α = .760). Additionally, high 

coefficient of Cronbach‘s alpha confirmed the 

reliability of the measurement items. 

As describe above, normality test is needed 

to make sure if the construct measurement normally 

distributed or not. Therefore, we used descriptive 

analysis and K-S test for job satisfaction and life 

satisfaction. In a normal distribution, the mean, 

median, and mode are all the same value. In various 

other symmetrical distributions, theoretically, it is 

possible for the mean and median to be the equal. In 

table 3, we can see on mean and median columns 

for job satisfaction and life satisfaction which is 

pretty similar (job satisfaction: mean=3.54, 

median=3.57; life satisfaction: mean=3.87, 

median=3.88) suggesting that the distribution is 

symmetrical. 

 



The 2nd Annual Indonesian Scholars Conference in Taiwan                                                                                                  
 

55 

 

ISSN 2086-5953 

 

In this study, we examined the Kolmogorov-

Smirnov test (KS-test) to determine if two datasets 

differ significantly. The significances for job 

satisfaction and life satisfaction are significant 

(p<.01) which means job satisfaction and life 

satisfaction normally distributed in data set. 

After get full the assumptions that variables 

are normally distributed, to verify Hypothesis 1 

(There is differentiation between education 

backgrounds to job satisfaction) and Hypothesis 2 

(There is differentiation between education 

backgrounds to life satisfaction), one-way ANOVA 

is employed to test if there is differentiation 

between education background levels to job 

satisfaction and to life satisfaction.  

The results of this ANOVA analysis are 

quite extensive. As shown in Table 4, there that the 

mean of education background are not significantly 

different for job satisfaction (F=.533, p>.05) but 

significantly different for life satisfaction (F=3.268, 

p<.05). 

 
Table 4. ANOVA of Job Satisfaction and Life Satisfaction with 

Education background as predictor 

 

  

Sum of 

Squares df 

Mean 

Square F 

Job  between groups .772 3 .257 .533 

satisfaction within groups 135.271 280 .483   

 total 136.043 283     

Life  between groups 4.040 3 1.347 3.268 

satisfaction within groups 115.393 280 .412   

 total 119.433 283     

 

  When education background is compared 

with job satisfaction, they might not express 

differentiation between education background 

levels to job satisfaction. And also between life 

satisfaction in all education background levels, 

there is no differentiation among each level refers to 

life satisfaction. Therefore, we can conclude that the 

results do not support Hypothesis 1 and also 

Hypothesis 2. 

To test hypothesis 3 until hypothesis 6, this 

study conduct simple regression analysis to know 

the relation between working period, job 

satisfaction and life satisfaction. The expected 

significant level is under .05 and .01 for all 

categories. First, take a look at correlation analysis 

in Table 5 the correlation table by using Pearson 

correlation. 

As shown in Table 5, among 3 variables, 

individually, has significant correlation each other. 

Correlation between working periods with job 

satisfaction is .198 (p<.01), and correlation between 

working periods with life satisfaction is .120 

(p<.05). And also, correlation between job 

satisfaction and life satisfaction is .431 (p<01). The 

correlation between job and life satisfaction in this 

study match with Rode‘s (2004) study which is 

significant and positive with Pearson product 

moment ranging from .31 to .44. 
 

Table 5. Correlations between working period, job satisfaction 

and life satisfaction (N=284) 

Variables 1 2 3 

1. Working period    

2. Job Satisfaction .198**   

3. Life Satisfaction .120* .431**  
**  Correlation is significant about the 0.01 level, *  Correlation is significant about 

the 0.05 level (2-tailed). 

 

In order to figure out relation between job 

satisfaction and life satisfaction, we confirmed the 

assumption of job satisfaction mediated the 

relationship between working period and life 

satisfaction. Then we tried to detect if job 

satisfaction moderated or not by examine 

hypothesis 6.  

 
Table 6. Regression of job satisfaction to life satisfaction and 

working period to life satisfaction' 

Dependent Job Satisfaction Life Satisfaction 

variable Model 1 Model 1 Model 2 

  β t β t β t 

Working Period 0.2 24.731** 0.1 30.254* 0.04 12.29 

Job Satisfaction - -     0.42 13.429** 

R2 0.039 0.014 0.187 

F 11.469** 4.095* 32.293** 

** is significant at the 0.01 level; * is significant at the 0.05 level 

 

In hypothesis 3, we will examine relation 

between working period and job satisfaction with 

working period as predictor of job satisfaction. As 

shown in Table 6 (regression of working period to 

job satisfaction), the results of regression analysis 

indicate that working period only explains 3.9% 

(R
2
=.039) of job satisfaction at significant level 

(p<.01). The beta equals to .198 which means if we 

add working period as 1 unit then life satisfaction 

will increase .198 (19.8%). Its mean even there is 

weak relation between working periods with job 

satisfaction, therefore Hypothesis 3 is validated.  

The testing of hypothesis 4 will examine 

relation between working period with life 

satisfaction. As shown in Table 6 for regression of 

working period to life satisfaction in model 1, the 

results suggest that working period explains .014 

(1.4%) of life satisfaction at significant level 

(p<.05). The coefficient beta is also not so big with 

β = .120. So we can accept hypothesis 4 and 

conclude that there is a significant association 

between working period and life satisfaction. 

Then we examine hypothesis 5 between job 

satisfaction and life satisfaction, as it has seen from 
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Table 6 regression for job satisfaction to life 

satisfaction there is a significant and positive 

relation between job and life satisfaction (p<0.01). 

The R square equals to .187 (R
2
 =0.187) which that 

mean job satisfaction explains 18.7% of life 

satisfaction. Then we can understand that there is 

positive correlation between job and life 

satisfaction. Therefore, Hypothesis 5 is validated. 

This result study (job satisfaction has positive 

relation with life satisfaction) is similar with the 

recent researches. Most of the researches show that 

job satisfaction has relation with life satisfaction. 

(Near et.al, 1984; Janet, 2004) 

According discussion above, hypothesis 3, 4, 

and 5 are validated. Moreover, Hypothesis 6 will be 

examined with linear regression model with another 

variable. The central idea in this model is that the 

effect of working period to the life satisfaction is 

mediated by job satisfaction. In other word, we 

assumed that job satisfaction is caused by working 

period, and in turn, causes life satisfaction. 

As shown in Table 6, the first model in 

regression to life satisfaction, the beta value equals 

to .120 with significant level (R
2
=.120, p<.05). 

Compare with the second model regression of 

working period, the beta value increased into .036 

and the p value also decreased from significant 

(p<.05) into not significant (p=514).  

According to Baron and Kenny (1986) when 

we control the third variables, the effects of the 

relationship between independent variables and 

dependent variables become non-significant from 

significant, they defined it as full meditation from 

the third variables. On the contrary, when the 

effects are weaker but still significant, they call it 

partial mediation. From explanation above, beta 

value and p value of working period to life 

satisfaction in model 2 decreased which means that 

the two variables of working period and life 

satisfaction are full mediated by job satisfaction. 

Therefore, hypothesis 6 is validated. 

4 CONCLUSION AND DISCUSSION 

The hypotheses were tested with the results 

as shown in Table 7. 

As the results showed that among female 

Indonesian migrant workers, there is relationship 

between job satisfaction and life satisfaction as 

similar as most previous research. This study also 

attempt to investigate that education background 

level do not make differentiation between each 

group for job satisfaction and life satisfaction. And 

also working period has positive relation with job 

satisfaction and life satisfaction. Therefore we 

conclude that job satisfaction and life satisfaction 

have positive relation. Another finding is relation 

between working period to life satisfaction is full 

moderated by job satisfaction. 

 
Table 7. Hypotheses and the Results of Empirical Tests 

  Hypotheses Results 

H1 There is differentiation between education 

backgrounds to job satisfaction. 

not 

supported 
H2 There is differentiation between education 

backgrounds to life satisfaction. 

not 

supported 
H3 Working period would be positively related 

to job satisfaction 

supported 

H4 Working period would be positively related 
to life satisfaction 

supported 

H5 Job satisfaction would be positively related 

to life satisfaction 

supported 

H6 Job satisfaction would mediate the relation 

between working period and life 
satisfaction. 

supported 
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ABSTRACT 

Jatropha Curcas Linn has been discussed to 

be a promising source of alternative energy in 

Indonesia. Efforts to invest in its agriculture 

plantation have been initiated by collaborating 

investor and government relationship. Meanwhile, 

problems on communication and commitment 

become its major barriers. This study explores 

community empowerment program based on SECI 

knowledge creation method which has been 

implemented in Seloharjo Business Centre as a 

solution in jatropha agriculture program.  

 

Keywords: community empowerment, jatropha 

agriculture program 

 

1 INTRODUCTION 

The increasing of total fuel import up to 

300,000 barrels per day or as much as 21 million 

USD at 2005 has triggered intensive discussions of 

alternative fuel sources in Indonesia. Jatropha 

Curcas Linn has been initially discussed by the 

government and non-government organizations as 

promising biofuel energy.  

The Indonesia government‘s effort to 

produce Jatropha oil is not only intended to 

decrease fossil fuel dependency, but also is 

purposed to overcome poverty. Several 

governmental policies have been declared to 

achieve those national goals. Jatropha Curcas 

plantation was launched in October 2005 as the 

National Strategy on Poverty Tackling. In the 

following year, Presidential Instruction (Instruksi 

Presiden) No. 1/2006 was issued for the provision 

and utilization of biofuel in Indonesia as an 

alternative energy source. Another effort to 

encourage biofuel based on jatropha production 

was conducted by establishing Energy Self-

Sufficiency Village (Desa Mandiri Energi). This 

program was declared by the President of Republic 

Indonesia, Susilo Bambang Yudoyono, on February 

2007 at Tanjungharjo Village, Ngaringan, 

Purwodadi, Central Java, along with officially 

announcement of the establishment of a biofuel 

factory, PT. ENHIL. 

As an overall target, ten million hectares of 

Jatropha Curcas plantation was expected to absorb 

100.000 skilled manpower and 10 million non-

skilled manpower in 2009. Based on this 

expectation, the production of Jatropha oil must be 

done massively. The government provides 

opportunities for companies to invest in jatropha 

plantation. The company‘s involvement in 

producing Jatropha oil had been started on the 

initial planning of Jatropha Curcas cultivation 

program. Some companies are the government‘s 

partners such as PT. Rajawali Putra Nusantara, 

Bahana Artha Ventura, PT. Rekayasa Industri, PT. 

Indosement Tunggal Prakarsa, while others are 

partnering with Bogor Agricultural University such 

as PT. Titan and PT. AGB energy. Participated 

companies are headquartered in Japan, Korea, 

China, and Taiwan.  

Even though the government has formally 

established policies to support biofuel production 

but the result of this investment is not yet seen. 

Lack of communication and commitment, and 

selling barrier on farmer-investor relationship 

become major problems. Meanwhile, since reducing 

poverty becomes one of major purpose of jatropha 

plantation, a sustainable production should be 

existed to tight farmer-investor commitment. 

Ideally, a developed program should be based on 

triangle relationship between government, investor, 

and community and implements community 

empowerment program since poverty reduction 

purpose. This community empowerment 

relationship model is proposed to create a 

sustainable poverty reduction program. This paper 

provides a triangle relationship based on 

community empowerment which is proposed to be 

implemented in jatropha plantation program. 
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Proposed model has been implemented on 

establishing Seloharjo Business Centre‘s.  

2 JATROPHA PLANTATION’S 

PROBLEMS 

Implemented program of jatropha plantation 

in Java, East Nusa Tenggara, and Papua, mainly 

focuses on investor and farmer relationship. 

Government is positioned as regulator and, in some 

occasions, as owner of planted lands.  

Jatropha plantation program is divided into 

several steps. First, investor and government are 

collaborated to explore added values of planting 

jatropha. As expected, financial resources will be 

provided by investor meanwhile seedling land by 

government in order to show their commitment on 

biofuel production. Since a policy of using jatropha 

plantation as a poverty reduction program, 

secondly, investor will introduces jatropha to 

farmer by government facilitation. Jatropha 

introduction program informs about benefits and 

allowances to do plantation. Jatropha will be 

introduced as an easy plantation by its simple 

maintenance, its suitability with marginal land 

without enough fertilizer, and its profitability based 

on its high price.  It is informed that investor will 

responsible on providing seed and buying crops. 

Moreover, technical assistance, credit, and subsidy 

are provided to support farming. Farmers‘ interest 

for farming and providing land are this step major 

expectation. Interested farmers will collaborate with 

investor by planting jatropha in provided land 

belongs to government, company, or their own. 

During this period, interested farmers have no doubt 

to do plantation, even changing their previous corn 

and cassava plantation with jatropha.  

After planting, problems are identified. 

Problems are on plantation process and selling 

period. During plantation process, jatropha 

plantation is not as easy as expected. Jatropha 

needs a lot of human resources input especially in 

harvesting period since jatropha kernel could not be 

harvested in one time occasion. Early or late 

harvesting will affect corps quality. In selling 

period, investor is not buying in the price that was 

promised. Investor problems on producing jatropha 

oil in their factory become reason of price dropping. 

Jatropha crop cultivation was abandoned by the 

farmer finally. They cut down the crop and switch 

back the land to food crop cultivation. 

 

 

Problems of jatropha plantation are 

fundamentally based on a lack of communication 

and management control on investor-farmer 

relationship. This condition has triggered a low 

commitment between partners. Since government‘s 

involvement attends only in initial period, 

government does not put a high effort on the whole 

plantation process. Furthermore, on the recent 

market demand flow, the biofuel is in introduction 

phase, not growth phase yet.   

Based on these problems, it is suggested for 

an implementation of community empowerment 

program by involving facilitators those taking 

responsibility as relationship‘s quality control with 

handling communication and management 

concerns. Meanwhile, the suggested program will 

focus on community commitment based not market 

based. Based on community, the plantation‘s 

motivation will be rooted on community‘s needs 

with focusing on poverty reduction propose. A 

sustained program is created by investor-facilitator-

and community relationship on their common 

shared vision to provide biofuel sources as an 

important element on the green earth and the 

poverty tackling program.           

3 SELOHARJO BUSINESS CENTRE  

Seloharjo Business Centre (SBC) (Pusat 

Pelayanan Usaha Seloharjo-PULUS) was 

established in the recovery period of Yogyakarta 

earthquake disaster. An earthquake disaster 

devastated Yogyakarta in 2006 and caused 5.782 

deaths while 36.299 people were injured, 135.000 

houses damaged, and an estimated 1,5 million left 

homeless. Bantul, as the closest regional district to 

epicenter, was mostly affected with 3.580 deaths 

and more than 1.892 injured. A recovery period 

focused on reviving economy, education, and 

healthy sectors by collaborating government, non-

government organization, university, and their own 

community. 

 Universitas Gadjah Mada took this 

responsibility by organizing their stakeholders, 

internally and externally. SBC was founded by 

Universitas Gadjah Mada in collaboration with 

Japan International Cooperation Agency (JICA) by 

establishing Pundong Centre for Facilitating 

Partnership (PCFP) program. This program focused 

on 5 recovery sectors, education, health, building 

reconstruction, water supply, and economics those 

conducted in Seloharjo, a village in Pundong, 

Bantul.
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Seloharjo Business Centre (SBC) is a micro 

banking organization which focuses on reviving and 

developing micro and small enterprises in the 

Seloharjo. As a part of economic activity in PCFP, 

SBC was formed, organized, and developed by 

Seloharjo‘s community with university-investor 

relationship. SBC mainly purposed to increase 

economic welfare and reduce poverty in the 

recovery period of earthquake disaster. Triangle 

relationship based on knowledge creation -SECI 

method- (Nonaka, 1991) was introduced (figure 1 

and figure 2). 

 

Triangle relationship was implemented by 

involving investor, facilitator, and Seloharjo 

community. JICA in its position as investor had 

investment relationship in investor-facilitator 

relationship and control relationship in investor-

community relationship. Universitas Gadjah Mada 

in its position as facilitator had to deal with 

investment relationship in investor-facilitator 

relationship, community development relationship 

in facilitator-community relationship, and 

facilitating relationship in government-facilitator 

relationship. In this position, university member 

were facilitating process to develop SBC and deal 

with government regulation. Further, Seloharjo 

community in its position as community had to 

handle control relationship in investor-community 

relationship and community development 

relationship in facilitator-community relationship. 

Nonaka (1991) on his theory of knowledge 

creation based on SECI (socialization, 

externalization, combination, and internalization) 

method was positioned as an inspiration on guiding 

activities mainly in establishment period of SBC. 

Meeting Local 

People 

Socialization 

Closer 

Communication 

Externalization 

Synthesis of 

Ideas 

Combination 

Completion of 

Synergy 

Internalization 

SECI Method 

Step 1 Step 2 Step 3 and 4 Step 5 and 

extended 

SBC 

Figure 2. SECI Model 

SECI Model 
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SECI method was introduced to create knowledge 

by cultivating and collaborating tacid and explicit 

knowledge belong to each partner in a relationship. 

Socialization, externalization, combination, and 

internalization are steps on creating a new 

knowledge based on committed relationship of 

partners who‘s full of their own knowledge. This 

method inspired Universitas Gadjah Mada team in 

PCFP program as a facilitator on establishing SBC.   

Establishment period was divided into 5 

stages as follows: 

 Stage 1: Listening 

Listening stage was intended to do visibility 

study on the idea of establishing SBC. 

University as idea owner was taking in charge 

during this period by joining some community 

gathering to absorb community aspiration. 

Based on SECI method, this was a socialization 

step to learn tacid knowledge belong to 

community. 

 Stage 2: Focus Group Discussion 

Based on listening findings, university 

facilitator determined a committed group which 

is going to be ‗change agent‘ to develop, 

manage, and socialize SBC. The committed 

group consists of 9 inspiring women in 

Seloharjo. Focus group discussion was 

proposed to get community commitment by 

inspiring this group with several success stories 

from others. Externalization step was 

conducted by digesting community‘s tacid 

knowledge into explicit knowledge those 

influence design of SBC. A well designed idea 

of SBC was introduced to community to attract 

their awareness, interest, and commitment to 

realize this idea. 

 Stage 3 and 4: Workshop and Role Playing 

These steps focus on developing managerial 

concept (business strategy, organizational 

structure, employee deployment, work flow, 

office layout, etc). University members 

facilitate this step by involving committed 

group. These activities were conducted based 

on combination step which focuses on 

collaborating knowledge -tacid and explicit- 

belong to committed partners -facilitator and 

community. During this step, each partners 

transferred their knowledge to achieve common 

goals. Shared values were developed and 

agreed during this period. 

 Stage 5 and extended: Socialization, SBC 

Launching, and Managing Sustainability 

After internal managerial system was prepared, 

socialization was conducted to attract 

community participation. A launching 

ceremony was held by collaborating Seloharjo 

community, university, government, and 

investor. Extended steps positioned university 

as a partner to control and consult SBC in its 

further operation. A simultaneously assistance 

and yearly audit has been conducted to control 

its quality assurance and governance. 

Internalization step has initially started in this 

period that focus to explore and cultivate 

SBC‘s benefits in this community.    

 Being founded 4 year ago, SBC has 

emerged as an important micro banking 

organization in Seloharjo. A low number of non 

performing loans (less than 5%) have triggered a 

good improvement of this business entity. Total 

consumer has increased into 300% which stimulates 

150% increasing on total capital. At 2007, SBC has 

established a new business unit, photo copy centre. 

This business has employed 4 employees from local 

community. At 2009, since its added value toward 

Seloharjo community, SBC has been declared as a 

government owned business (Badan Usaha Milik 

Desa) under Seloharjo district authorization. SBC is 

continuing its commitment to be a sustainable micro 

banking organization for Seloharjo‘s community. 

4 AN IMPLEMENTATION OF 

SELOHARJO BUSINESS UNIT 

MODEL INTO JATROPHA 

PLANTATION SYSTEM 

 An effort to do Jatropha plantation in 

Indonesia which is expected to reduce poverty 

could implement community empowerment based 

business as conducted in Seloharjo Business Centre.  

A triangle relationship should be conducted by 

interested company as investor, farmer as 

community, and university or non-government 

organization (NGO) as facilitator. On conducting 

this relationship, government is positioned as 

regulator and enabler of the business and 

relationship.  

Comparing Jatropha plantation and SBC 

shows a similarity on fundamental idea of both 

programs on reducing poverty by establishing 

business entity based on community. But, both 

programs have different sources of initiator. The 

initiator of Jatropha plantation is investor based on 

profitability reason in alternative energy scarcity, 

while SBC is initiated by community based on their 

effort to increase welfare. These different sources 

could be handled by positioning facilitator in 

Jatropha plantation relationship as a quality control 

of relationship to achieve its final goal that useful 

for investor and community.   
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Facilitator plays an important role in its 

investment, community development, and 

facilitating relationship. These relationships are 

explained as follows: 

 Investment Relationship 

This relationship is conducted in facilitator-

investor relationship. University or NGO 

should be trusted by investor to prepare the 

community readiness on doing plantation. 

Meanwhile, facilitator also demand investor 

commitment on doing business based on 

community development. 

 Community Development Relationship 

This relationship is conducted in facilitator-

community relationship. Facilitators are 

expected to prepare a well implemented 

community empowerment system and then 

introduce it to community. A well prepared 

community should understand the system, how 

to conduct, and also its benefits.  

 Facilitating Relationship  

This relationship is conducted in facilitator-

government relationship. Facilitators in this 

role are expected to understand government 

regulation and its implementation on business. 

  

 Facilitator plays an important role in this 

relationship by taking responsibility as quality 

control in triangle relationship. In this position, 

facilitator is creating and maintaining partners‘ 

commitment in its community empowerment 

relationship. This community empowerment 

program should be pillared by community power to 

achieve its benefits, economically and socially. 

Profitability concern is an extended benefit from 

this community empowerment program.   

Taiwan, as a part of Summer Triangle which 

is centralized in Hongkong, invests USD 150 

million to plant 1000 ha and build a Jatropha 

production factory that can produce up to 20.000 ha 

Jatropha plantation field. Induk Koperasi Unit Desa 

(Inkud) is organizing this investment in Indonesia 

by collaborating Pusat Koperasi Unit Desa and 

Bandung Institute of Technology. This investment 

could be a model of Jatropha plantation based on 

community empowerment, as proposed by SBC. 

University is not only expected to facilitate 

technology development, but also to facilitate 

community empowerment program. Business based 

on community empowerment will create a 

sustainable business that can reduce poverty in 

Indonesia.    

5 CONCLUSION 

A solution of problems on jatropha agriculture 

program is implementing community empowerment 

program based on triangle relationship among 

investor, facilitator, and community. In this 

relationship, facilitator is the most important partner 

to handle communication and commitment to do 

business based on community empowerment. 

Seloharjo Business Centre is a success story of the 

implementation of community empowerment 

program based on SECI method. By introducing 

this method, jatropha agriculture plantation is 

proposed to be a sustainable poverty reduction 

program based on alternative energy production in 

Indonesia.  
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ABSTRACT 

The accurate information of elastic modulus 

(E) and thicknesses (H) in every layer of the 

existing road is an important feature to determine 

the structural capacity of the pavement. The non 

destructive testing (NDT) is used to measure the 

value of E and H effectively since the test is 

relatively quick, inexpensive, and less disruption to 

the traffic. The purpose of this paper is to calculate 

the elastic moduli using NDT-Falling Weight 

Deflectometer (FWD) method. The determination 

of elastic moduli using FWD test is measured by the 

analysis response of the pavement as the deflection 

basin data. The test is conducted in three different 

locations, i.e. Soekarno-Hatta Road-Bandung, 

Padalarang-Purwakarta Toll Road and West Ring 

Road-Yogyakarta, Indonesia. The deflection data is 

then analyzed by backcalculation method using 

BAKFAA and MICHBACK programs. The model 

of the structural pavement used in this research is 

four layer system. The backcalculation result shows 

that the elastic moduli resulted from BAKFAA are 

very close to the values of MICHBACK program. 

The results perform a good correlation since the 

value of regression (R
2
) and correlation coefficient 

(r) are very close to 1. The highest of elastic moduli 

in three different locations shows that the structural 

capacity of the pavement is in a good performance.. 

 

Keywords: Elastic moduli, deflection, FWD, three 

and four-layer systems, pavement remaining life. 

 

1 INTRODUCTION 

After the pavement is constructed and 

opened to traffic, a pavement will suffer progressive 

structural deterioration due to environmental factors 

and traffic loads. The rate of deterioration of 

pavement quality will depend on traffic loads and 

variability of the road materials. In the past, the 

maintenance of pavement property from 

deterioration should be elaborated. The experience 

of pavement engineer tended to dictate the proper 

methods of maintenance and rehabilitation 

techniques with little notice given to life-cycle 

costing. Nowadays, when the rehabilitation and 

management of roads are becoming increasingly 

difficult due to the increasing number of aging 

roads and limited budgets, the need of accurate, 

cost-effective, fast and nondestructive evaluation of 

pavement system is becoming very important. This 

system is generally called as road management 

system (RMS). 

An important feature of a road management 

system is the ability both to determine the current 

condition of the pavement and to predict its future 

condition. In order to determine the structural 

capacity of the existing road, the accurate 

information of elastic modulus (E) and thicknesses 

(H) are needed. However, those parameters are also 

used to determine the traffic load, to predict the 

pavement remaining life and to design the 

appropriate rehabilitation system. 

The non destructive testing (NDT) is used to 

measure the value of E and H effectively since the 

test is relatively quick, inexpensive, and less 

disruption to the traffic. One of the most common 

tools for measuring nondestructive surface 

deflection is Falling Weight Deflectometer (FWD). 

The FWD has gained widespread acceptance, 

because it is believed to provide realistic deflection 

basin parameters that can be used as an input into a 

mechanistic pavement model [1].  Its potential for 

the evaluation of elastic moduli and thickness of 

pavement layers has been demonstrated 

successfully in several studies in the past. The 

calculation of elastic modulus from the FWD 

testing can be done by using the backcalculation 

concept. The elastic modulus of pavement layers 

resulted from backcalculation method are calculated 

iteratively by matching the theoretical to the 

experimental deflection basin from field 

measurements. This research will focus on the using 
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of backcalculation concept in order to determine the 

elastic modulus of pavement which can be used to 

assess the quality of pavement structure. 

2 LITERATURE REVIEW 

2.1 Falling Weight Deflectometer 

(FWD) 

The FWD was first introduced in France 

about 30 years ago to test the flexible road networks 

[10] and it was developed by many researchers 

around the world to assess the material under 

pavement, such as in USA [1, 4, 14, 22, 7, 20], 

China [9], Japan [3], Canada [18] Turkey [5, 17], 

Indonesia [11, 16], Denmark [19], among others. 

The following advantages of using FWD in 

road management system noted at [15]: 

1. The FWD test can present the structural 

condition of existing road pavement by 

determining the elastic modulus of every layer 

2. The FWD can be operated easily and producing 

the result accurately 

3. The weight and the drop height can clearly be 

measured hence the load intensity represented 

as the traffic load can be adjusted to the traffic 

load condition in Indonesian (8.16 ton) 

2.2 Backcalculation Concept 

Generally, there are two approaches which 

can be used in the backcalculation procedure, first is 

database approach and second is iterative approach. 

Database approach is done by comparing the 

measured and the theoretical deflections recorded 

on the database with different values of modulus 

which are conducted before. Essentially, although 

the database method is efficient, it does not consider 

the variation of in-situ structural condition of 

pavement. On the other hand, iterative approach is 

done to calculate the pavement modulus by iterative 

method according to the in-situ structural condition 

of pavement until it is appropriate with the 

convergence criterion [11]. 

The pavement is modeled as two, three or 

four- layer system in order to analyze the structural 

pavement condition. Ideally, to get the best result, 

the modelling system must be the same to the in-

situ number of pavement layer. The utilization of 

these modelling systems is the most influenced 

factor to the result analysis. In addition, the 

environmental factors, such as pavement 

temperature is considered to calculate the elastic 

modulus and the season number in every year is 

used to determine the elastic modulus of subgrade.   

2.3 BAKFAAV and MICHBACK 

Program 

BAKFAAV is the backcalculation program 

requiring windows 95/98. BAKFAAV is made by 

the Federal Aviation Administration (FAA) USA 

used to analyze the structural pavement or runway. 

MICHBACK is the backcalculation computer 

program developed by the Michigan University. 

This program uses the Newton Method to analyze 

both the flexible and the composite pavement. The 

calculation of elastic modulus is done iteratively by 

matching the theoretical to the measured deflection 

basin from field measurements.  

3 RESEARCH METHODOLOGY 

3.1 Location 

The FWD testing has conducted in three 

different locations i.e. (a) Soekarno-Hatta Road, 

Bandung (b) Subang Road and (c) West Ring-Road, 

Yogyakarta, Indonesia. 

3.2 The Equipment 

The equipments used in FWD testing are the 

loading plate, the geophone in order to measure the 

deflection and the computer which is used to collect 

the data and to control the FWD instruments.  

3.3 The Pevement Structural Modeling  

The backcalculation process used to 

calculate the theoretical deflection will be 

producing the best result if the structural pavement 

can be modeled accurately. In this research, the 

structural pavement is modeled in four-layer 

systems as shown in Figure 1. Different pavement 

layers in this modeling system can be joined in one 

layer if those layers have the same characteristics 

[21]. In addition, the thickness of the bottom layer 

is assumed infinite [11].   

Previously, the constant poisson (µ) must be 

determined before the calculation process is begun. 

For four layer system. 0.35 is used as the poisson 

ratio of surface layer whereas 0.4 is the poisson 

ratio of both base course and sub-base course 

however 0.45 is the possion value of subgrade 

layer. These poisson values are taken from the 

manual using of MICHBACK. 
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Figure 1. Pavement structural modeling in Soekarno-Hatta Road 

using 4 layer system 

3.4 The Mechanism of FWD Testing 

Basically, FWD gives the load impulse to the 

pavement structure by the circular plate which is 

modeled to  produce the impact load as same as the 

load of vehicle wheel [2]. The circular plate is put 

in the pavement surface and then by dropping the 

weight onto the top of plate, the deflection can be 

measured. The deflection response is recordered by 

geophones in 7 different locations (Figure 2). When 

the weight is dropped, the deflection will be formed 

a bowl and generally it names as the deflection 

bowl. 

3.5 Deflection analysis of FWD 

measurement 

The iterative backcalculation procedure and 

the convergence process of the deflection is 

explained completely in Figure 3. In this research 

the MICHBACK and BAKFAAV computer 

programs are used to analyze the pavement 

deflection basin data from FWD testing. 

4 RESULT AND DISCUSSION 

The backcalculation result using four-layer 

system is presented in table 1 while the comparison 

of elastic modulus using two different programs is 

shown in Figure 4. 

Table 1 shows that the elastic modulus of 

surface layer in three different locations resulted 

from BAKFAAV and MICHBACK backcalculation 

programs are almost the same however the elastic 

modulus of base and sub-base course of Padalarang-

Purwakarta Road is largest than both Soekarno-

Hatta Road and West Ring Road. The average 

values of elastic modulus of subgrade layer in three 

testing locations are varied from 100 to 185 MPa. 

160 to 500 MPa and 900 to 980 MPa are the elastic 

modulus of sub-base course and base course 

respectively however the average of elastic modulus 

of surface layer are varied from 4000 to 4800 MPa. 

The elastic modulus of every layer in Padalarang-

Purwakarta Road is the largest. It clearly proves that 

the pavement quality of Padalarang-Purwakarta 

Road has the best performance. It occurs due to the 

using of macadam layer for its base course 

otherwise the base layer of other two locations use 

crushed and uncrushed aggregate. 

 

 

Figure 2. The deflection bowl in the FWD measurement (Rosyidi 

et. al, 2006) 
 

The data of pavement structure:

- Structural pavement model (n layer)

- Thikness layer

- Poisson ratio

The data of measured deflection:

- Dropped weight

- Maximum Deflection

- Deflection bowl (x1 and d1)

Determining Ei

Determining E1

Calculating 

d'max and d'i

Check Ei

Check E1

Comparing d = d'

Allowable deviation 

and modulus ratio

Modulus of Elasticity (OK)

Yes

No

 
Figure 3. Backcalculation Procedure Analysis 
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Table 1. The difference of elastic modulus from BAKFAAV and 
MICHBACK program in 3 testing locations using 4 layer system 

Pavement 

Layer 

Soekarno-Hatta Road 

Average  (MPa) % 

Difference BAK MICH 

Surface 4022.9 4017.4 0.1 

Base course 904.8 905.1 0.003 

Sub-base 

course 
218.4 219.2 0.4 

Subgrade 122.5 127.7 4.2 

Average  1.2 

Pavement 

Layer 

Ring Road 

Average (MPa) % 

Difference BAK MICH 

Surface 4051.1 4050.6 0.005 

Base course 953.6 956.3 0.3 

Sub-base 

course 
160.3 160.0 0.2 

Subgrade 110.3 109.4 0.7 

Average  0.3 

Pavement 

Layer 

Padalarang-Purwakarta Road 

Average of E 

(MPa) 
% 

Difference 
BAK MICH 

Surface 4531.4 4531.2 0.002 

Base course 972.5 972.5 0.0 

Sub-base 

course 
458.6 459.8 0.3 

Subgrade 182.2 183.3 0.6 

Average  0.2 

   

 

 
 

Figure 4. The comparison of pavement elastic modulus resulted 
from both BAKFAAV and MICHBACK 

Figure 4 also presents the difference value of 

pavement elastic modulus using four-layer system. 

The R
2
 and r resulted using four layer system are 

0.99 and 0.9887 respectively. The values of 

correlation coefficient resulted from the model are 

varied from 0.8 to 1.0. It precisely indicates that the 

relationship level of those variables is very strong 

(Dillon and Goldstein, 1984) or in other words, the 

elastic modulus resulted from those backcalculation 

programs are almost the same. 

The value of elastic modulus resulted from 

this research is almost close to the previous 

investigations. [12] have found that the values of E 

in Soekarno Hatta Road are varied from 90 to 4000 

MPa for all layers while the research conducted by 

[16], [13] and [11] in Jakarta-Cikampek Tol 

indicated that the values of elastic modulus are 

approximately varied from 90 MPa to 5000 MPa. 

From those previous works, it definitely shows that 

the elastic modulus resulted from BAKFAAV and 

MICHBACK backcalculation program in this 

research is reasonable. 

5 CONCLUSION 

The following conclusions can be derived 

from this research: 

1. Generally, the elastic moduli resulted from 

both BAKFAAV and MICHBACK are 

relatively close; 

2. The elastic moduli values in every layer 

resulted from those programs show that 

Padalarang-Purwakarta Road has the best 

performance;  

3. The highest value of elastic moduli from three 

testing locations indicates that the quality of 

pavement structure is in a good condition 
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ABSTRACT 

Vertical tapers inside the diode laser cavity 

of laser chips seem to be a promising solution to 

adapt the laser field in the active waveguide of an 

edge-emitting laser by producing the more circular 

laser beam to overcome the bottleneck between 

laser diode and the standard single-mode fiber 

(SMF) in optical link communication systems. 

Vertical tapers fabrication process described in 

literatures often rely on techniques such as selective 

area growth (SAG), shadow mask growth (SMG), 

or shadow mask etch (SME) techniques. Besides, 

also dip-etch, dynamic etch mask, and stepped 

etching for wet etching fabrication techniques. 

Here, the fabricated vertical taper by diffusion-

limited etching was successfully integrated in 1.55 

µm Fabry-Perot Laser Diode (FP-LD) with 8.6 mW 

output power, 16% slope efficiency, and with full-

width half maximum (FWHM) of far-field angles 

about 19
o
 x 19

o
. Since the injection-locked FP-LD 

was proposed as a low-cost light source for WDM-

PON, many experimental results using different 

techniques have been demonstrated and published.  

In our experiments, the output wavelength of the 

slave FP-LD is locked into the externally injected 

light from master tunable laser which more than 30 

dB side-mode suppression ratio (SMSR) was 

achieved at 100 mA bias current.  

 

Keywords: Vertical taper FP-LD, injection-locked, 

WDM-PON, AR-coating, divergence angles. 

 

1 INTRODUCTION 

Next generation optical access networks, 

also known as the ―first mile network‖ which 

connecting the service provider central offices 

(COs) to business and residential subscribers (also 

referred as the subscriber access network or local 

loop) have been revolutionized to satisfy the future 

bandwidth demands and also to provide the better 

high performance. Broadband fiber access 

technologies such as passive optical networks 

(PONs) are chosen to be an ideal solution. Passive 

optical networks (PONs) have evolved to provide 

much higher bandwidth in the access network. A 

PON is a point-to-multipoint optical network, 

where an optical line terminal (OLT) at the CO is 

connected to many optical network units (ONUs) at 

the remote nodes through one or multiple 1:N 

optical splitters. The network between OLT and 

ONU is passive, means that it does not require any 

power supply [1]. 

Many types of PONs systems have been 

standardized to provide broadband access services 

including ATM PON, broadband PON, gigabit 

PON, and Ethernet PON. These networks employ 

the time-division multiplexing (TDM) to achieve 

cost effectiveness and have been widely accepted as 

the current-generation optical access solution. 

Although TDM-PON utilizes the bandwidth of 

fiber effectively, it has limitations in the increase of 

transmission speed. On the other hand, WDM-PON 

becomes more favorable as the required bandwidth 

increases. Although WDM-PON has several 

advantages over TDM-PON, it fails to gain 

attention from industries because of the high cost of 

the WDM light source [2]. Laser diode as a light 

source is a key component for successful 

deployment of WDM access networks. It is very 

desirable to have tunable wavelength because they 

can support not only the network provisioning and 

stability, but also to minimize the production cost 

and have number in stocks for back up [3]. Several 

approaches have been employed to achieve the 

wavelength stability such as tunable Vertical Cavity 

Surface Emitting Laser (VCSEL), broadband light 

source (BLS) with spectral-slicing, optical network 

units (ONU) contains only a modulator, tunable 

laser using a Fabry-Perot laser diode (FP-LD) 

having a built-in external cavity without any 

additional components, and injection-locked Fabry-

Perot laser diodes (FP-LDs) at ONUs.  

Fabry-Perot laser diodes (FP-LDs) are quite 

cheap and might be an ideal solution for PONs, but 

the multi-longitudinal modes which are excited has 

made them to be less attractive in WDM networks. 

Researchers then worked to use an injection-

locking technique to excite only one designated 
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wavelength (mode). In this case, FP laser functions 

as an oscillator that synchronizes with external light 

injection. The advantages of using injection-locking 

FP lasers are simplicity and low cost, and also the 

modulation speed can be relatively high. However, 

their drawbacks are limited locking range and 

suffer from back scattering and reflection problems. 

So, the modulation index, laser bias current, and the 

external optical excitation power must be carefully 

chosen to maximize their efficiency [4].  

In this paper, we describe our research work 

on developing the circular beam vertical down-

tapered ridge waveguide FP-LD formed by 

diffusion-limited etching that can be used as a low 

cost light source for WDM-PON based on 

injection-locking technique.  

 

SCH layer

SCH layer

InP

InP Substrate

Regrowth 

Taper 

Region

MQW

 

Figure 1. Schematic of the FP laser diode with taper region 

2 TAPER LASER FABRICATION 

AND ANALYSIS  

One approach for achieving a circular laser 

beam with narrow divergence angles (which is 

desired for efficient fiber coupling) is to integrate a 

mode size converter inside the diode laser cavity. 

The major advantage of this approach is that one 

can keep the optimized waveguide design for the 

most length of device while minimizing 

degradation in laser performance which may arise 

from changing waveguide design. Optical mode 

expansion occurs near the front facet and prior to 

the exit of light. However, this method requires 

regrowth and has been used mainly for InGaAsP 

quaternary based long-wavelength semiconductor 

lasers for optical fiber communication. The most 

critical aspect in mode conversion is adiabatic 

behavior of the expander because it is important to 

keep the low radiation loss during the mode 

conversion. This phenomenon is commonly 

obtained by implementation of taper structure as 

mode expander. Vertical taper processes described 

in many literatures often rely on techniques such as 

selective area growth (SAG), shadow-mask growth 

(SMG), and diffusion-limited etching. All these 

techniques actually require accurate pre-calibration 

of growth or etching rates as well as excellent wafer 

uniformity in order to achieve the desired 

divergence angles in a reproducible manner [5]. 

Here, we reported a vertical taper process 

technology that actually did not require a tight 

process control to achieve it.   

The fabricated vertical taper is formed 

exclusively outside the MQW active layer by 

method as described in Ref [6], called ―diffusion-

limited etching‖ and the schematic view of the FP 

laser diode with taper region is shown in Figure 1. 

The novelty of our design when it is compared to 

others is put on the taper design itself. Taper region 

sacrifices the upper indium phosphide (InP) and 

SCH layers without touching the MQW active 

layers. The advantage of this double-layered 

waveguide structure is that the continuity in light 

guiding is guaranteed by the underlying active 

guiding layer. The active guiding layer also 

determines the optical confinement of the 

waveguide structure beyond the tip of taper and the 

corresponding vertical far-field divergence angle in 

the output beam. The implication is that beam 

divergence angle in the vertical direction is 

unambiguously determined at the early stage of 

base wafer growth, not by taper process itself as in 

other vertical tapering technologies. 

Our tapered laser device comprises of active 

gain section (0.074 m InGaAsP multiple-quantum 

wells for 1.55 m laser emission) and taper section 

(0.45 m thickness of quaternary InGaAsP and 0.25 

m p-InP sacrificial layers). The fabricated vertical 

taper was extremely smooth, showing negligible 

radiation loss during mode transformation along the 

taper region. The taper process was followed by a 

single step regrowth of InP cladding layer. The 

regrown wafer was then processed into 2 µm ridge 

waveguide laser diodes by photolithography using 

HMDS and AZ5214E photoresist and a Karl Suss 

MJB 3 mask aligner and development in 

AZ300MIF solution. SEM Hitachi S3000H 

machine was used to see the cross section view of 

the fabricated taper laser diode (Figure 2). The 

measured average depth of ridge waveguide is ~ 2.5 

µm. Then, laser chips were prepared such that the 

vertical taper is positioned near the front facet. AR 

(anti-reflection, ~5%) and HR (high-reflection, > 

90%) facet coatings were applied to the front and 

rear facets, respectively, and laser devices were 

mounted epi-side up for continuous wave (CW) 

testing. 
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Figure 2. The uniformity of p-metal contact on the top of the 

ridge and good isolation layer (SiO2) underneath. 

3 EXPERIMENTAL RESULTS 

There are several ways to analyze a tapered 

waveguide in order to see the amount of loss that  

occurs. But, from several different techniques that 

have been used to analyze taper structures, a 

general consensus has been made that if a taper is 

made long enough and has gradual enough taper 

slope, the taper can have low loss. It has been 

observed that taper lengths which are on the order 

of hundreds of microns can achieve high output 

power and small threshold current, and also the 

circular optical beam mode [7]. Table 1 and Table 2 

show two samples characteristics of the total output 

power and threshold current for the total laser 

cavity length vary from 400-700 m and 600-900 

m, respectively. These results verify that for the 

200 m taper length with 500 m cavity laser gives 

the smaller threshold current and higher output 

power. And for the 500 m taper length with 800 

m cavity laser also gives the smaller threshold 

current and higher output power. Also, for the same 

cavity lengths (600 and 700 m) with different 

taper lengths show the matching results with the 

previous above analysis.  Table 3 shows the best 

divergence angles of those FP lasers are 19
o
 x 19

o 

for lateral and vertical directions, respectively. 
 

Table 1. Threshold current and output power characteristics 

for 200 m taper length. 

Total cavity 

length [m] 

Threshold 

current [mA] 

Resistance 

[] 

Output 

power 

[mW] 

400 40 22.8 2.4 

500 22 16.8 8.6 

600 26 23.3 2.7 

700 32 20.8 6.6 

 
 

 

Table 2. Threshold current and output power characteristics for 

500 m taper length. 

Total cavity 

length [m] 

Threshold 

current [mA] 

Resistance 

[] 

Output 

power 

[mW] 

600 54 29 1.4 

700 36 19.3 4.1 

800 33 25.2 5.2 

900 33 25.7 3.8 

Table 3. Divergence Angles Measurement Results (No facet 

coatings) 

Cavity 

Length (µm) 

Taper 

Region (µm) 

Divergence Angle (deg) 

(FWHM=2α) 

200 100 22.25 22.06 

500 200 19.48 19.19 

700 200 21.89 22.19 

800 500 19.37 19.23 

 

Theoretical model for injection-locking FP-

LD which shows the dynamic characteristics with 

external injected narrow-band ASE light based on 

the rate equations for the semiconductor laser diode 

refers to Ref [8]. This model was solved 

numerically by fourth-order Runge-Kutta method. 

The simulation has been done and the calculated 

optical spectra of the wavelength-locked FP-LD has 

was shown below (Figure 3).  

 

 
Figure 3. Simulated optical spectra of the wavelength-locked 

FP-LD [7]. 

 

By understanding the theoretical model that 

described above, we performed some experiments 

for injection-locking technique.  

When we do not inject the external light into 

the laser, the taper FP-LD shows multimode output. 

But, when an external narrowband optical signal is 

injected into the multi-longitudinal mode laser such 

as vertical taper FP-LD, the lasing mode can be 

locked to a single mode. The external optical signal 

from tunable laser diode acts as a seed for laser 

oscillation in the FP cavity; moreover, the mode 

that is nearest to the peak wavelength of the 
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injected optical signal will be locked to the injected 

light, and other modes will be suppressed (Figure 

4). To increase the injection efficiency, we may 

need the antireflection coating (AR-coating) on the 

front facet of the laser. Here, for injection-locking, 

we used a FP-LD chip with 500 µm of total cavity 

length including 200 µm taper and 300 µm laser 

section with 5% of front facet reflectivity.  

 

Figure 4. Measured optical spectra of the vertical taper FP-LD 

w/ and w/o injection-locking. 

4 CONCLUSION 

The fabricated of vertical down-tapered 

ridge waveguide FP-LD was extremely smooth 

using a simple and low-cost diffusion-limited 

etching method. The overall device length is 500 

µm, comprising the laser section (300 µm) and 

taper length (200 µm) produced 8.6 mW output 

power and 16% slope efficiency and 19
o
 x 19

o
 

divergence angles for lateral and vertical which 

potentially can be used as a low-cost light source 

for WDM-PON based on injection-locking 

technique. More than 30 dB SMSR was achieved at 

100 mA bias current.  
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ABSTRACT 

Method and procedure selection to 

recalculate the component and sub system 

reliability growth after their failures have 

challenged researchers for satisfaction collaborating 

and regulation of operating system. Reliability level 

was proposed compliance with: temporary using, 

paralel circuit as stand by, impulsive system, real 

caused by routine maintenance, and Management 

Decision Making (MDM) in repairing sub system 

or replacement component. This paper was 

reliability growth approach using Reliability 

Growth of Extended Crow (RGEC) method. 

Management decision that proposed  are: 

scheduling in harmony, using non standard 

component, handling after hazard, and using 

component or system resulted from  innovation. 

Time to Failure (TTF) data are needed to predict 

reliability growth of ship oil system until its 

damage. The mean value of reliability was 64.3%, 

and reliability level was 0.15 for 25 years operation 

until the end of life time system. 

 

Keywords: Reliability Growth of Extended Crow, 

Management Decision Making, Time to Failure. 

 

1 INTRODUCTION 

1.1 Motivation 

Reliability reduction follows of using 

system. The phenomenon of the effect reliability 

reduction in using system could be more slowdown 

by MDM. MDM consists of therminologies: 

scheduling in harmony by Pertamina [7], using non 

standard component by Bieman [1] and Pertamina 

[7], handling after hazard from by Rasmussen [8], 

and using component or system resulted from 

technology and procedure innovation by Kibrio [5]. 

Detailed investigation of MDM using the 

application formula of extended Crow Model 

during the reliability could be implemented to 

maintain reliability level of machinery system, 

electronics system, handling equipment system, and 

various otomotive applications.                     

One of the interesting problems is 

performing reasonable reliability system based on 

agreement which was used as satisfied requirement. 

The two example of reliability system based on 

agreement are mean procentage of reliability every 

time and final reliability on the last of life time 

system. Indonesian authority requires minimum 

mean reliability 66% and the final reliability 45%.  

Reliability is a probability to reach success 

condition of an item at  the certain time. The  

example of the item are the component, the 

subsystem, and the system. The measurement of 

success or failure of the item is notified by null(=0) 

for not reliable condition or perfect failure, and one 

(=1) for perfect reliable condition or perfect 

successful. Reliability terminology was introduced  

for the first time and reliability engineering for 

Fatigue Failure in solids was presented by Weibull 

[9]. Weibull was inform the reliability evaluation in 

Mean Time Between Failure (MTBF) as a linear 

function of component system from Time to Failure 

(TTF). Weibull changed MTBF function to the 

exponential reliability function with two 

parameters, scale parameter as ‗‘ and shape 

parameter as ‗‘. Finally, the three failures are 

defined in reliability growth evaluation, Bd-type of 

Nelson [6], A-type of Seber-Wlid and Bc-type of 

Crow [3]. 3-failures are described: component or 

subsystem failed so that replacement of their 

reserve with system shut down as A-type, 

Component failed and replacement with  system stll 

operate as Bc-type, repair and replacement 

component or subsystem following scheduling time 

as Bd-type. All these types have a spesific of partial 

profment by experiment, Crow [2]. 

As far as we know that using reliability 

prediction of ship machinary system with 3-types 

failure approach following and MDM with RGEC 
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method has not been prepared yet. 

1.2 Problem Description 

The four MDM are proposed to determine 

the reliability of ship oil system with RGEC 

method, they are:  

a. Pertamina [7] has stated, if there is a non 

conformities maintenance scheduling that 

influences the reliability impact by hazard and 

without reviewing significant or not failures, so 

the reliability is equal with value before hazard.   

b. Pertamina [7] used harmonisation terminology 

or maintenance scheduling combination. 

Bieman [1] has stated that if failure repaired 

onto many system which have almost the same 

maintenance schedul with other system, that can 

join their repairing.  

c. Rasmussen [8] had stated with Effective 

Maintenance Strategies model. He stated that 

the component replacement with high effectivity 

one could implied a cost saving. This strategies 

call Effective Maintenance Program.  

d. Innovation is divided into therminology and 

procedure. This therminology is enclosed at 

Technology Atlas Project Form of Tokyo 

Programme on Technology for Development,  

Kibrio [5]. Innovation is consist of  human 

ware, techno ware, organ  ware, and info ware. 

System Reliability is evaluated with 

compliance of the five actions, they are: 

1. Harmonisation to the duration of the component 

maintenance and the subsystem are different. 

Harmonisation is implemented to the some of 

them and then system reliability is calculated 

based on configuration.  

2. If  the 3-MDM happened, they are : hazard 

handling, innovation, and using non standard 

effectivity component; it is necessary to 

evaluate the system reliability after re-

harmonisation. 

3. Component and subsystem reliability is 

determined with the judgement of how the 

effectiveness of the replacer component in 

system and how long percentage of component 

and subsystem duration to duration of the 

system. 

4. Reliability reduction of the certain component 

or subsystem is not valid when there is delay 

time or repairing so that causes system stops 

running. 

5. If there is not significant component or 

subsystem and based on the design it is reliable 

until the end of life time of the system, so its 

reliability is perfectly and never goes down. 

This paper presents the result of a study case 

was using ship oil system  RGEC based on TTF 

data and MDM proposes was used to estimate the 

reliability of ship oil system and to understand the 

phenomenon in speed down reliability reduction of 

maintenance system. Reliability determination is 

the part of other reliability determination review 

based on non technical case. Temporary using, 

paralel circuit as stand by, impulsive system, real 

caused by routine maintenance, are examples of 

non technic reliability problem. Focussing on 

evaluation with compliance on five actions of 

MDM are observed. 

2 METHOD AND VALIDATION 

2.1 Methods Of  RGEC 

The kernel of RGEC 

In the beginning of the twentieth century 

various empirical equation was emerged, for 

examples equation from Duane and Crow. The 

story of maintenance system is the developing of 

the four methodologies : Planned Maintenance 

System (PMS), Total Productive Maintenance 

(TPM), Optimum Maintenance Management 

(OMM), and Reliability Centered Maintenance 

(RCM). Evaluate of the system reliability 

contibutes to RCM. 

The function which declared success or one 

minus failure number to the time for domain limit 

of the maintenance duration named Reliability 

Function, its notation is `R(t)'. The assumption of 

the reliability function uses Weibull distribution 

with maintenance duration from TTF data, David 

and Mary [4]. Reliability Growth Function also 

uses ‗R(t)‟. Domain reliablity growth fuction is the 

running time start from null kilometre until system 

permanently damage. Reliability growth function 

assumption follows mathematics formula 

matematik of an expert, Crow [3]. 

The first differential of R(t) to the time is 

notified by Reliability Growth Gradient or 

`f(t)=d(R(t))/dt'. For the first time Mean time 

between failure or MTBF was introduced by 

Duane. Its notification is ‗1/(t)‘ or 

‗MTBF=R(t)/f(t)‘. An ideal condition of reliability 

growth results MTBF constantly during the 

equipment system running. Reliability growth 

decreases to the raise of the running time of system, 

For example for t1 where f(t1) < 0, if MDM is 

implemented using reliability growth parameter at 

t2 = t1, so f(t2) < 0. Although reliability decreases 

but f(t2) < f(t1). This condition is named Reliability 

Growth. 

The failure of reliability was happened to 
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the component. It consists of five types, they are : 

caused by inherent defect, component blocking, 

component which causing locking system, total 

damage fraction as C-type which could be 

overcame, and total damage fraction as P-type 

which could not be overcame, Bieman and Malaiya 

[1]. The failure of reliability growth happened on 

the subsystem and system with the 3-types, A, Bc, 

and Bd. 

 

An RGEC form of some empirical equation can be 

written as follow 

The reliability of component replacement 

without reviewing failure follows empirical 

equation from Duane and Weibull . Cummulative 

MTBF and instantaneous MTBF of Duane is 

notified with the equation below : 

 (C – MTBF) = mc = b t 
                        

 (1) 

 (I – MTBF) = mi = (1 - )
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Weibul declared that the scale parameter, notation 

‗‘ and the shape parameter, notation ‗‘ to the 

MTBF formula becomes :   
 MTBF  = (ti – ti-1) R(t) e (-t//)                                                                                                                                                          
              = 1 – (t-1/)                                                            

(6) 

 = 10 - 


log
                                                                                                                          

(7) 

 

Reliability growth equation, notation ‗R(t)‘ in the 

duration ti, is notified below : Crow [3] 
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Reliability growth equation-8 is valid for the 3-

types of failure  with value ‗ and  ‗ as follows: 

Crow [2] for Bc-type and Army Material System 

Analysis Activity (AMSAA) method with equation: 
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n and  are the constanta resulted from iteration 

and T is a life time until system could not be used 

anymore. 

Failure intensity model Nelson [6] for Bd-

type and component effectivity, notation ‗d‘ with 

equation: 
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Crow, L.H.[3] for A-type with the parameter 

equation  ‗ and ‘  as follows :  
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‗k‘ is a total amount of failure kind based on the 

types, ‗Nq‗  is the amount of failure component for 

certain types, and ‗ti‗ is a time running of the 

component. 

 The RGEC equation for case study is 

proposed to change become as follows:  
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Figure 1.  Influent of MDM to reliability using RGEC equation 
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2.2 Application of  RGEC model 

 Case study has been done from TTF data 

until 9000 hours operation of ship oil system. Using 

of the reliability growth equation based on failure 

types choices. Using ‗ and ‘ parameters follow 

the four methods, they are Weibull [9], Crow [2], 

Crow [3], and RGEC. 

 

Test problem :  

1. TTF Application of the MDM  

The MDM emerged from TTF. If the 

comparation between the differentiation of 

maintenance with the maintenance duration is a bit, 

hazard will be happenend. Hazard was happenend 

on the Purifier of the 1230 operating hours after the 

10 hours purifier replacement. It was simplified by 

(1230)10, and the 3612 operating hours after 2-

hours replacement, simplified (3612) 2, Discharge 

Filter (1150) 8, Supply Pump (6625) 25, (3313) 13, 

and main engine (1319) 19.  

If there is the same maintenance schedule 

for different component or subsystem, so 

maintenance combining to reduce cost or 

harmonisation can be emerged. Maintenance 

combining to reduce cost has occured to the 

Purifier-Filter-Main Engine at 70 operating hours, 

Discharge Filter and Supply Pump of the 1142 

hours, Transfer Pump and Discharge Filter  of the 

780 hours, and Filter with main engine at the 1000 

hours. 

In the certain maintenance duration block, the 

differentiation between maintenance is almost the 

same value, so the using of reliability growth 

equation was differed by value of  and  in the 

block. The results show that the maintenance 

duration between blocks not have the same value 

and the duration tends to become longer, and 

emerged procedure and technology innovation. For 

example main engine at the operation of 138 hours, 

1000 hours, and 2656 hours. The three condition 

show innovation process. These matters were 

shown from the next maintenance duration become 

longer than before, the average before is 34.5 hours 

until 138 hours operational become 95.8 hours in 

average until 1000 hours, 327.4 hours in average 

for the 1000 hours duration until 2656 hours, and 

898.4 hours in average with 2656 hours until 9000 

hours. 

Transfer Pump and Filter are never in a 

hazard condition. These are becaused that hazard of 

the Transfer Pump or Filter of oil system not caused 

the system stops in operation. Combining 

maintenance scheduling of some component and 

subsystem or harmonisation could be happened at 

the 1142 hours operation running of Supply Pump 

with the Discharge Filter, and 1000 hours operation 

for Filter with main engine. Preliminary study is 

only received  from TTF data and it still cannot 

shown component effectivity influenced or 

subsystem at the system reliability. 

Table 1. TTF data of ship oil System 

Component N Time to Repair  (operation hours) 

Supply Pump 28 

100, 205, 315, 435, 540, 830, 1142, 1460, 

1750, 2050, 2400, 2660, 3000, 3013, 
3300, 3640, 3970, 4475, 4950, 5520, 

6080, 6600, 6625, 7000, 7580, 8100, 

8575, 9000 

Purifier 46 

30, 70, 120, 175, 225, 274, 330, 400, 476, 

530, 615, 695, 760, 830, 905, 976, 1050, 

1135, 1220, 1230, 1459, 1575, 1700, 
1835, 1975, 2100, 2230, 2550, 2900, 

3240, 3610, 3612, 4105, 4623, 5000, 
5353, 5670, 6000, 6340, 6675, 6900, 

7200, 7459, 8019, 8567, 9000. 

Transfer 

Pump 
15 

350, 780, 1142, 1560, 2000, 2550, 3000, 
3550, 4010, 4600, 5200, 5710, 6180, 

7100, 8100 9000 

Disc. Filter 12 
350, 780, 1142, 1150, 2000, 3000, 4010, 

5200, 6180, 7000, 8012, 9000 

Filter 45 

30, 70, 115, 165, 217, 176, 345, 412, 465, 

514, 573, 632, 695, 755, 820, 890, 943, 

1000, 1105, 1214, 1315, 1410, 1504, 

1630, 1746, 1875, 2100, 2357, 2602, 
2848, 3105, 3326, 3540, 3770, 4340, 

4800, 5200, 5710, 6180, 6580, 7000, 

7450, 8010, 8550, 9000 

Main Engine 27 

30, 70, 100, 138, 225, 330, 432, 530, 600, 

700, 806, 897, 1000, 1300, 1319, 1634, 

2010, 2325, 2656, 3345, 4074, 4895, 
5750, 5805, 6983, 8050, 9000 

 

 2. The advantages in using RGEC  

Reliabitity growth of ship oil system is 

applied follows the configuration of Figure 2. The 

example of reliability growth curve for Supply 

pump and Transfer Pump with the four alternatives 

calculation was configured at the figure 3 and 4. 

Both figures inform that the reliability of EGEC is 

the realistic one. 

Oil system has two cycles, they are oil filled 

cycle into Service tank, and oil used cycle at the 

main engine. Oil in the  Storage Oil is pumped out 

by Transfer Pump into the Service Tank. In the 

certain time oil volume in the Service Tank 

decreases and the Transfer Pump re-pump oil out of 

the Storage Oil fill into the Service Tank. This 

pumping system just only used one Transfer Pump, 

besides paralel connection Transfer Pump to 

guarante pumping operation if one of the pumps 

failured. In the second cycle, the filter distills oil for 

Main Engine. Used oil of Main Engine was 

received by three Discharge Filter to be filtered 

and re-circulated. 
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Table 2   Failure Definition and Component or Subsystem 
Number 

 Sub system or 

component 

Failure 

type 

Sum 

A 
D 

Storage Oil (SS) 
Service Tank (SS) 

=1 
=1 

1 
1 

E 

G 

Supply Pump (SS) 

Motor Induk (SS) 

Bc 

BC 

2 

1 

B 

H 

Transfer Pump (SS) 

Discharge Filter (K) 

Bd 

Bd 

2 

3 

C 
F 

Purifier (K) 
Filter (K) 

A 
A 

2 
1 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Configuration of  ship oil system   

 

3 RESULT AND DISCUSSION 

The reliability of each component and 

subsystem consist of : RSP = Pump Supply 

Reliability, RP = Purifier Reliability for 1 and 2, RTP 

= Pump Transfer Reliability for 1 and 2, RDF = 

Discharge Reliability  for 1, 2, and 3, RF = Filter 

Reliability, and RMI = Main Engine Reliability. RMI 

= Main Engine Reliability. This notation is used to 

declare system reliability equation based on the 

equation 20. The reliability of Storage Oil and 

Service Tank were assumpted e equal to one. 

Ship Oil system configuration equation 

becomes, 
   xtRtRtRtRxtRtRtRxtRtRtR TPTPTPTPPpPMISP )(2)(1)(2)(1)(2)(2)(11)().()( 








 

)(3).(2).(1

)(3).(2)(3).(1)(2)(1)(2)(1

tRtRtR

tRtRtRtRtRtRtRtR

DFDFDF

DFDFDFDFDFDFDFDF

 )(2)(1)(2)(1 tRtRtRtR FFFF   

Reliability growth prediction of ship oil 

system can be resulted from accumulative of 

reliability from impact calculation: MDM and 

reliabilitly of non technical determination 

(impulsive system and the pure caused of routine 

maintenance). Reliability of ship oil system shows 

that the EGRC equation gives the biggest reliability 

with reliability level 0.15 for 25 years operation at 

the end of life time system. This value is under 

reliability level of Indonesia, 66.67%, and the mean 

value requirement is 80%. The mean value of its 

reliability is 64.3%. 

 
Figure 3. Reliability Growth  of  Supply Pump up to 9000 hours 

operatio time  
 

 
Figure 4. Reliability Growth of  Transfer Pump  

4 CONCLUSION 

The RGEC model using MDM have been 

established in this study. Model and numerical 

result on reliability growth prediction of ship oil 

system can inspire the other system model. The 

interpretation of reliability becomes  

communication among of the experties even among 

states. We need the same perception in the method 

and procedure to ensure satisfaction.  
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ABSTRACT 

Polybrominated diphenyl ethers (PBDEs) 

flame retardants are persistent organic pollutants 

that have been found globally in the environment. 

Since they are not chemically incorporated with 

polymers, PBDEs are easily exposed to the 

atmosphere during their production, used, and 

disposed. Over the past decade, a mounting body of 

data has shown that PBDEs are prone to undergo 

long-range atmospheric transport to regions where 

they were never used. Persistent aromatic bromine, 

chlorine and mixed chlorine-bromine compounds 

were being analyzed from fly ashes to explore the 

impact of brominated flame retardants (BFR) on 

their reduction and reformation. Polybrominated 

diphenyl ethers (PBDE) were the most abundant 

original BFRs found, that have allowed them to be 

used, successfully, as flame retardants in a wide 

range of materials. Due to its stability, PBDEs have 

been found at varying levels in the environment. 

Products containing PBDEs will sooner or later be 

treated by municipal solid waste incinerators 

(MSWIs) or metal recycling plants [1]. Many 

countries consider waste-to-energy incineration as a 

mainstream strategy for municipal solid waste 

management. Unlike fly ashes, bottom ashes (BA) 

are usually considered as non-hazardous materials. 

The research analyze about reduction and 

reformation of PBDEs for non-washing and 

washing ashes during heating process. The applying 

temperature is from 50 
o
C to 1450 

o
C. PBDEs 

content from fly ash remain the same from 50 
o
C to 

1000
o
C, but it change after 1000 

o
C. PBDEs content 

from fly ash, has unstable concentration from 1100 
o
C to 1350 

o
C and it is caused by de novo synthesis. 

Highest value occur at temperature 1200 
o
C and its 

about 33137 pg/g.  

 

Keywords: Polybrominated diphenyl ethers, fly 

ash. 

 

1 INTRODUCTION  

PBDEs are used only for flame retardant 

purposes. The rationale for using brominated 

compounds as flame retardants is based on the 

ability of halogen atoms, generated from the 

thermal decomposition of the bromoorganic 

compound, to chemically reduce and retard the 

development of fire [1].   

The behavior of PBDEs in the process of 

manufacturing brominated flame retardants has 

recently attracted attention and PBDEs during the 

combustion of products containing brominated 

flame retardants in municipal solid waste (MSW) 

incinerator also the same. There are many cases of 

PBDD/Fs being detected in flue gas and fly ashes 

from municipal solid waste incinerators, but fewer 

studies of the behavior of PBDD/Fs from laboratory 

thermolysis of BFR products have been reported. 

Concerns about polybrominated dibenzo-p-

dioxins and dibenzofurans (PBDD/Fs) have also 

increased, because PBDD/F formation occurs 

during either processing PBDE-containing plastics 

or when incinerating waste which contains BFRs 

[4]. 

Presence of halogens (Br, Cl) in various 

products such as electronic devices or plastics are 

well known to produce toxicologically due to 

thermal degradation products under thermal stress 

conditions (combustion, accidental fires, thermal 

recycling processes). Furthermore, considering 

product safety and environmental properties of 

products, manufactures and distributors of flame 

retarded products are focusing on replacement of 

halogenated flame retardants by halogen-free 

materials. Persistent aromatic bromine, chlorine and 

mixed chlorine-bromine compounds were analyzed 

from fly ashes to explore the impact of brominated 

flame retardants (BFR) on their reduction and 

reformation. 
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2 MODEL, ANALYSIS, DESIGN, 

AND IMPLEMENTATION  

2.1 Laboratory Melting System 

The melting system consists of a high-

temperature furnace, a secondary combustion 

chamber, and one set of APCDs including a cooling 

unit (collects the condensed water of the volatile 

gas), a filter (collects particles), and three-stage 

glass PUF cartridge adsorption (collects the 

gaseous phase compound) as illustrated in Figure 1. 

The specifications of the melting system are as 

follows. The high-temperature furnace has a width 

of 210 mm, a length of 280 mm, and a height of 

220 mm, with a maximum temperature of 1600 °C, 

and the heat loading is 6.6 kW. The furnace has an 

inner graphite crucible, and on top of this crucible 

is a cone-shaped cap hood for collecting volatile 

gases. The volatile gases collected by the cap hood 

will be delivered with an Al2O3 tube to the 

secondary combustion chamber for further 

combustion or introduced to the APCDs. The 

secondary combustion chamber has an inside 

diameter of 50 mm and a length of 1000 mm, with 

a maximum temperature of 1300 °C, and the heat 

loading is 6.6 kW. The flue gas cooling unit with 

indirect water cooling has an inside diameter of 25 

mm and a length of 1700 mm. The diameter of the 

filter is 51 mm, and each stage of the three-stage 

PUF cartridge adsorption has a length of 130 mm. 

Three separate tests were performed by measuring 

PBDE in the third stage of the PUF cartridge to 

ensure the gaseous PBDE are insignificant, , and 

less than 2% PBDE mass was found at the third 

stage of the PUF cartridge. The waste flexible 

PBDE were first cut into small pieces (ca. 5 x 5 x 

0.5 mm), and metals on the surface were stripped 

off by aqua regia extraction. The waste PBDE was 

pretreated to prevent the metals from corroding the 

equipment. The concentrations of Al, Cu, Ni, and 

Au in the extraction solution were analyzed with 

the same ICP-AES instrument. When the metals 

were stripped off the surface of the waste PBDE by 

the aqua regia solution, the concentration of metals 

was reduced by 75-95% and the weight of the 

PBDE reduced by approximately 25%. The 

experimental sample placed inside a graphite 

crucible was put in the furnace; the furnace 

temperature was than increased to 850 or 1450 °C 

at 6 °C min
-1

 (held for 30 min), with the secondary 

combustion chamber at 900 °C. The pump rate for 

withdrawing gaseous samples was 10 L min
-1

. The 

batch experiment was repeated twice. After the 

pyrolysis process, the bottom ash, fly ash, and 

cartridge were collected and analyzed to determine 

the concentrations of PBDE on the basis of the 

National Environment Analysis Method (NIEA 

M801.11B) of Taiwan, similar to USEPAB 

modified method 23A [3].  

 

 

 

Figure 1. High-temperature melting system: (1) bottom ash, (2) 

cooling unit, (3) filter, (4) glass PUF cartridge 

2.2 PBDE Analysis 

Analyses of PBDE samples were performed 

in a certified laboratory in Taiwan to analyze 

PBDE. Each sample was spiked with a known 

standard and extracted for 24 h. Then the extract 

was concentrated and treated with sulfuric acid; this 

was followed by a series of cleanup and fraction 

procedures. The standard solution was added to the 

sample before PBDE analysis to ensure the 

recovery during analysis. Because of a lack of other 

standards, seven individual PBDE (including four 

individual PBDE sand three individual PBDE) were 

analyzed by using high-resolution gas 

chromatography/mass spectrometry (HRGC/MS). 

The HRGC instrument (Hewlett-Packard 6970 

series gas, California) was equipped with an RTX-

5MS column (L ) 30 m, i.d.) 0.25 mm, film 

thickness 0.25 ím) and splitless injection (J&W 

Scientific, California). The oven temperature was 

programmed according to the following: initial 

temperature at 150 °C (held for 1 min), increased to 

220 °C at 40 °C min-1, then increased to 240 °C at 

2 °C min-1, and then increased to 310 °C at 10 °C 

min-1 (held for 1 min). Helium was used as the 

carrier gas. The HRMS instrument (Micromass 

Autospec Ultima, Manchester, U.K.) was equipped 

with a positive electron impact (EI+) source. The 

analyzer mode was selected ion monitoring with a 

resolving power of 10000. The electron energy and 

the source temperature were set at 35 eV and 250 

°C, respectively. The method detection limits of the 

seven individual PBDE for bottom ash samples, 

cooling unit samples, filter samples, and glass PUF 

cartridge samples were found between 0.318 and 

4.132 ng/kg, 0.001 and 0.008 ng, 0.001 and 0.021 
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ng/Nm
3
, and 0.004-0.071 ng/Nm

3
, respectively. The 

recovery for the seven individual PBDE 

compounds ranged from 50% to 107% [3]. 

3 RESULT 

The PBDEs content before washing from 50 
o
C to 1450 

o
C as list on Table 1. Highest value 

occur at temperature 1200 
o
C and it is about 33137 

pg/g. From Figure 1, PBDEs content remain the 

same from 50 
o
C to 1000 

o
C, but it drastically 

change after 1000 
o
C. 

 

Table 1. Temperature vs PBDEs content, before washing 

Temperature 

(Celcius) 

PBDEs content (pg/g), before 

washing 

50 706 

100 896 

150 900 

200 1100 

250 532 

300 583 

400 1120 

500 534 

600 585 

650 556 

750 742 

850 515 

900 514 

1000 1172 

1100 23100 

1200 33137 

1300 30974 

1350 24514 

1450 1797 

 

The PBDEs content after washing from 50 
o
C to 1450 

o
C as list on Table 2. Highest value 

occur at temperature 1300 
o
C and it is about 492 

pg/g. PBDEs content from 1100 
o
C to 1350 

o
C have 

unstable concentration and it is due to the de Novo 

synthesis (Figure 2). 

 

 

 

 

 

 

 

 
Table 2. Temperature vs PBDEs content, after washing 

Temperature 

(Celcius) 

PBDEs content (pg/g), after 

washing 

50 392 

100 287 

150 245 

200 248 

250 178 

300 378 

400 330 

500 187 

600 182 

650 390 

750 423 

850 403 

900 373 

1000 258 

1100 328 

1200 321 

1300 492 

1350 375 

1450 394 

 

 

 
 Figure 2. Temperature vs PBDEs content, before washing 
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The PBDEs content before washing have 

similar pattern, but after washing, the reformation 

are not shown, was shown on Figure 3. It means 

that before washing, bromine on PBDEs content 

does not wash. 

 
 

Figure 3. Temperature vs PBDEs content, before and after 

washing 

4 CONCLUSION AND DISCUSSION 

Total PBDEs concentration before washing 

is 23100, 33137, 30974, 24514 pg/g, respectively, 

occur at temperature from 1100 
o
C to 1350 

o
C. It 

has unstable concentration, causing by de Novo 

synthesis. Total PBDEs concentration after washing 

has concentration from 392 to 394, with various 

concentration. Its because chlorine had already 

wash out. Fly ash before washing has reduction & 

reformation through de Novo synthesis, compare 

with fly ash after washing. In order to develop 

dioxin inventory, the activity data for the entire 

country as well as a local area need to be 

established and updated by the environment 

protection department. In addition to air, PBDEs 

are released to other media or compartments, e.g., 

water, land, product, and residue, which were 

neglected in Taiwan. These issues need to be 

considered in the future. 
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ABSTRACT 

Dam break flow has been the subject of 

intensive research for a long time. Dam break flow 

includes several features of existing problems in the 

area of fluid mechanics, environment protection, 

marine hydrodynamics, and coastal engineering. 

Dam break flow is widely used as a classical test 

case for numerical simulation of free surface and 

moving boundary. Solutions are accomplished with 

Smoothed Particle Hydrodynamics (SPH) 

technique using a pc cluster. For dam break flow 

impact against the obstacle, the flow impacts on the 

vertical wall at t = 0.8 sec, at time t = 1.2 sec an 

upward water jet is suddenly formed and over-

turning wave with an adverse momentum is 

observed at t = 1.3 sec. Impact pressure flow on a 

wall of the obstacle is 2.39 N/m2 and velocity in y 

direction is 4.32 m/sec. Regarding dam break flow 

impact against obstacle-clearance, high velocity 

and shallow water depth flow are happened in x-

direction at  t = 0.35 sec. The two flow face each 

other and this two flow impact the vertical flow 

then simulate a splash. This happened at t = 1.1 sec. 

The established SPH model is able to capture over-

turning wave phenomena and splash phenomena. 

 

Keywords: Dam Break, Smoothed Particle 

Hydrodynamics, Obstacle, Obstacle-clearance. 



1 INTRODUCTION  

1.1 Motivation 

The dam break problem was approached 

mathematically by Stoker [10]. For studying green 

water loads on ships, this problem was investigated 

experimentally by Zhou et al. [12]. The dam break 

flow with the consequent wall impact is widely 

used to benchmark various numerical techniques 

that tend to simulate interfacial flows and impact 

problems (see e.g. [2, 3]). 

This is due to the fact that this problem 

includes several features of existing problems in the 

area of marine hydrodynamics and coastal 

engineering. For example, in a shipping of water 

event, the problem includes: wave run-up on the 

ship bow; formation of a water height above the 

deck (dam formation); high velocity shallow water 

flow (dam break); and impact of the flow on deck 

mounted structures (impact to the vertical wall) [3]. 

Therefore, the impact flow on a wall resulting from 

a dam break problem has scientific and practical 

importance. As far we know, for a dam break with 

an obstacle in the middle and for a dam break with 

obstacle and clearance in the middle using SPH 

model have never been considered. 

1.2 Problem Definition 

Smoothed Particle Hydrodynamics (SPH) 

was developed and have been launched by various 

research teams (e.q. SPH European Research 

Interest Community or SPHERIC) in association 

with industry. SPH can simulate various 

phenomena including wave breaking, dam break, 

sliding objects, wave impact on a structure, etc. 

Many international journal paper regarding SPH 

results have been published [4, 5 & 11]. This paper 

presents a numerical method based on Smoothed 

Particle Hydrodynamics (SPH) method and offers 

the possibility among other applications to describe 

accurately the impact flow when water is facing an 

obstacle and when water are facing a clearance. The 

first case is a dam break with obstacle in the 

middle. The purpose of the case is to understand the 

detail phenomena of a fluid when the fluid across 

the obstacle. Depending on the special 

circumstances different characteristic features are 
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observed. The second case study, however, aims to 

show the clearance phenomena when the water 

enter the clearance of the obstacle. 

2 METHOD & VALIDATION  

2.1 Methods of SPH 

The kernel of SPH 

In the SPH model, the fluid is discretized 

with a finite number of macroscopic fluid particles. 

Each particle a is characterized by mass ma, density 

ρa, pressure pa, a velocity vector ua, and a position 

vector ra. The kernel of SPH is the interpolation 

formula which evaluates the value of any flow 

property A at the position r, in relation with all 

other fluid particles b and is denoted as 

2( ) . ( , ) ( ) (1)b

b k
b

b

m
A A w h O h


  

b
r r r

  

where wh is an interpolating function which plays a 

central part in SPH. It depends on the distance 

between two particles and a parameter h is called 

the smoothing length and proportional to the initial 

particle spacing. In order to reduce the number of 

particles involved in Equation (1) (and thus to 

reduce the calculation time), it is convenient to 

consider kernels characterized by a compact 

support of radius ht which is proportional to the 

smoothing length h. Consequently, only particles  

located in the disc (or sphere, in 3D) of radius ht 

and centred on a contribute to the evaluation of the 

function A relative to the particle a. General 

expressions of kernels are given by Morris et al. [9] 

and Monaghan [7]. In most SPH codes, spline 

kernels are used. Herein, we consider the fourth-

order spline kernel in the present SPH model [5]. 

 

Equations of motion in SPH model 

An SPH form of the Lagrangian continuity 

equation can be written as 

d
. . ( ). (2)

d
a

h ab
b

m w
t




ab ab
u r

 (2)  

where uab = ua − ub and  εab = ra − rb/rab. ˙wh 

corresponds to the spatial partial derivative of the 

kernel and  d/dt  to a Lagrangian derivative  

obtained  by  the  motion of a particle. 

In a Lagrangian system, the equation of 

motion is 

d 1
(3)

d

eP
t




     
u

u F

 (3) 

where ν denotes the kinematic viscosity of the fluid, 

p is pressure,  ρ is density and F
e
 is external forces 

such as the gravity or the Lorentz force in 

magnetohydrodynamics. In the SPH model, the 

viscous effect is commonly modelled by an 

artificial pressure [9, 11] which is 

 

2
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with η
2
 = 0.01h

2
 introduced to avoid a zero 

denominator and rab = ra − rb. 

The pressure of each particle is determined 

by the following stiff state equation [7]: 

  2.
( ) 1 (5)o o

o

c
P



 


 

  
   

  

 (5) 

where ρo represents  a reference density, co is a 

numerical speed of sound and γ is a constant 

coefficient equal to 7. In order to simulate a nearly 

incompressible flow, co must be at least ten times 

superior than the maximal velocity of the flow. This 

nearly-incompressible assumption thus induces a 

Mach number M less than 0.1. Consequently, the 

relative variation of density, which scales as M
2
, is 

less than 1% (see [9]).              

2.2 Validation of SPH model 

Test problem: Collapse of a water column 

A 2D water column is considered in a tank. 

The collapse of the water column occurs due to 

gravity. A complete description of the experiment 

is given by [6] and a brief setup can be observed in 

Fig. 1. The same setup was used by [11] to check 

the accuracy of their SPH code. The tank is 4m 

long; the initial volume of water is 1m long and 2m 

high. The number of boundary particles is 4,000 

and the number of fluid particles is 40,000. A 

smoothing length, h = 0.012m and a viscosity term, 

α = 0.5 are considered. 
 
 
 
 
 

 

 

 

 

 

 
Figure 1. Initial configuration of the water column 
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At T = 0.4s, the maximum dam break 

velocity is observed near the toe. The time history 

of toe velocity is compared with experimental data 

in Fig. 2. At T = 0.8s the wave front has reached the 

right wall. At T = 1.1s, water climbs onto the right 

wall. At T = 1.8s, water starts to fall over. The 

water height decreases near the left wall. The time 

history of the water height is also compared with 

experimental data in Fig. 2. 

An accurate water height (H) near the left 

wall and dam toe advance (X) proves the proper 

behaviour of fluids on boundary. Fig. 2 shows how 

H and X fit data provided by the experiment [6] in 

an accurate way. Comparing both SPH results, 

water height H calculated by [11] fits slightly better 

the experimental data, while our SPH results about 

the dam toe advance X are closer to experimental 

data than results of [11]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Collapse of a water column in a tank simulated with 

SPH model (dash line) comparing with experimental data (solid 

circle) [6] and [11] results (solid line) 

3 RESULT & DISCUSSION 

Fig. 3 presents some snapshots of the flow at 

different times. A dimensionalised time (t), is used 

for explaining different stages of the problem.  At t 

= 0.0 sec the water column is allowed to flow. A 

relatively high velocity and shallow water depth 

flow in x-direction quickly form (e.g.  t = 0.4 sec). 

As time increases, the flow impacts on the vertical 

wall at the two sides of the obstacle and this 

happened at t = 0.8 sec. An upward water jet is 

suddenly formed that rises until gravity overcomes 

the upward momentum (around t = 1.2 sec). At this 

moment, the jet becomes thicker and the flow starts 

to reverse. Due to the oncoming flow, an adverse 

momentum gradient is created that results in an 

over-turning wave (around t = 1.3 sec). This wave 

formation continues until the wave tip reconnects 

with the incident shallow water flow that now has 

less forward momentum [1]. Therefore, the impact 

pressure flow on a wall of the obstacle is 2.39N/m2 

and velocity in y-direction is 4.32 m/sec. The other 

side of water column has the same phenomena with 

this side. 

 

 
 

Figure 3. Dam break flow and impact against the obstacle 

 

Time sequences of evolution of the dam 

break flow from time t = 0.0 sec to t = 1.1 sec are 

shown in Fig. 4. At time t = 0.0 sec, the water 

column was allowed to flow. A relatively high 

velocity and shallow water depth flow in x-

direction quickly formed and this happened at t = 

0.35 sec. As time increased, the two flow are facing 

each other   and this happened at t = 0.85 sec. Due 

to momentum, this two flow impacted the vertical 

wall. The particles maintain an orderly 

configuration until they meet the obstacle and 

clearance then simulate a splash [8] and happened 

at t =1.1 sec. Maximum pressure when the first time 

the flow touch the obstacle is 3.12 N/m2 from the 

bottom. 

H 

X 
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Figure 4. Dam break flow and impact against the obstacle and 

clearance. 

4 CONCLUSIONS 

The SPH model has been established in this 

study. This model can catch the large deformations 

of the free surface and the complicated interaction 

between fluids and solids. Also, this model can be 

used to predict phenomenon of over-turning wave 

of dam break flow impact against the obstacle or 

splash phenomena with obstacle-clearance. 
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ABSTRACT 

Magnetic properties of Zn-doped Fe3O4 have 

been synthesis by using co-precipitation method at 

low temperature. X-Ray diffraction result shows 

that the sample was crystalline structure and form 

ZnxFe3-xO4 stoichiometry. Further refinement of 

diffractions data show that the crystal structure has 

change from cubic to hexagonal structure and 

lattice volume decrease 10 times by increasing of 

doping and occur . The magnetic properties of 

sample have also studied. The results show that 

ZnxFe3-xO4 was exhibit ferrimagnetic characteristic 

at room temperature. 

 

Keywords: Co-precipitation method, doping, 

magnetic properties. 

 

1 INTRODUCTION  

Lie and Kuo
[1]

 were conduct toward the 

doping of ZnO into Fe3O4 to see the effect of 

Fe3O4 magnetic resistance using mechanical 

alloying method. They succeed to exhibit the 

paramagnetism phenomenon in room temperature. 

In pervious study we have synthesis the 

manganese- based magnetic materials to exhibit the 

magnetic properties of Mn3O4 with nano-Fe3O4 by 

using  co-precipitation method. The results show 

that sample exhibit the same condition as 

paramagnetism phenomenon. In this study we have 

doped Fe3O4 with ZnO by the same method.  

The sample exhibit the ZnxFe3-xO4 

stoichiometry as shown form X-ray diffraction 

pattern. Further refinement of diffractions data by 

using Rietica program show that there was 

transition phenomenon of crystal structure from 

cubic to hexagonal lattice. Another phenomenon 

was decreasing of lattice volume 10 times by 

increasing of doping. The magnetic properties of 

sample such as Magnetic saturation, magnetic 

remanent, and coercivity have also studied. The 

results show that Magnetic saturation  ZnxFe3-xO4 

was decrease by increasing of doping and exhibit 

ferrimagnetic characteristic at room temperature. 

2 EXPERIMENTAL PROCEDURE 

Magnetite (Fe3O4) as the parrent phase has 

synthezed by chemical procedure as done in 

previous research
[2]

 by following chemical 

procedures: 
3Fe3O4+8HCl2FeCl+FeCl2+3Fe2O3+3H₂ O+H (2.1) 

ZnO + 2HCl  ZnCl2 + H2O                          (2.2) 

2FeCl2+FeCl3 + ZnCl2 + NH4OH  ZnxFe3-xO4+ H2O +       

NH4Cl + H2 + Cl2                                  (2.3) 

3 RESULT 

3.1 Structural Transition  

Diffraction pattern of particles ZnxFe3-

xO4(0<x<2) synthesized by co-precipitation method 

shown in Figure 1. Analysis of search match to 

sample with the variation of x = 0 (parent sample) 

has the same diffraction pattern with diffraction 

pattern Fe3O4 PDF No. 11-0614. While the sample 

with the variation of x = 1 has the same diffraction 

pattern with diffraction pattern ZnFe2O4 PDF No. 

10-0467. Final sample with the variation of x = 2 

has the same diffraction pattern of ZnO PDF No. 

05-0664  

 

 
Figure 1. X-ray diffraction patteron of  

ZnxFe3-xO4(0<x<2) 
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Table 1. shows that the sample with the 

variation of 0<x<1 have lattice length a, b, and c 

are nearly equal which is about 8.4 (Å). While the 

sample with x = 2 the lattice length a and b were 

the same which was about 3.25 Å and c lattice 

length of about 5.2 Å. The length of the lattice 

parameters a, b and c are distinct form the 

tetrabonal structure of spinel.  The transition 

structure of ZnxFe3-xO4 from cubic to hexagonal 

because of the substitution of Zn ions, in which Zn 

ions tend to occupy octahedral positions. The 

transition structure also resulted in lattice volume 

decreases, because the length of a and b lattice 

decreased higher than the long decline in the lattice 

c
[2]

 

Further analysis of refinement shows that the 

samples with cubic spinel structure (variation of x = 

0) which has the smallest crystal size about 99.86 

nm. Samples with hexagonal spinel structure (x = 

2) has the largest crystal size about 32.27 nm.  

Crystal size difference is influenced by the radius 

of the constituent ions. The radius of the ion Fe 2+, 

Fe3+ and Zn2+ are 7.6 Å, 7.0 Å and 6.2 Å 

respectively. It can be observed that the ion radius 

of Zn2+ ion close to the radius of Fe 3+. This 

causes Zn 2+ occupy the tetrahedral Fe3+ ion. 

3.2 Magnetic Properties 

According to picture 1 and its data 

extraction shown on table2, shows that the parent 

sample (x = 0) has a saturation magnetization much 

higher than the samples doped with ZnO (x = 1 and 

x = 2).  The decline trend in the value of 

magnetization saturation of the doped sample could 

theoretically occur because at this range, the value 

of the total magnetic moment also decreases, 

especially for sample Zn2FeO4 saturation 

magnetization caused by VSM measurements 

performed at room temperature, while ZnO is 

diamagnetic material at room temperature.  

 

 
 

Figure 2. Magnetization curve 

 

Results of measurement Hc, Ms and Mr 

show that in general pattern of particle saturation 

magnetitasi ZnxFe3-xO4 tend to follow the same 

pattern with the pattern of magnetization on the 

predicted previously.  

Magnetic a material is closely related to 

magnetic domain, domain either singular or plural 

domain. In general, the smaller the crystal size of a 

material, the more toward a single domain 

state. Conversely the greater the crystal size, will be 

more towards a situation plural domain. At the 

regional domain single-value field coercivity also 

has narrowed in line with decreasing crystal size, 

but the crystal size that very small below the critical 

size of a material which is ferro or ferrimagnetic 

turn into superparamagnetik.  

Other magnetic properties of ZnxFe3-xO4 is 

the remanent magnetization (Mr). Mr follow the 

same pattern with the pattern of Ms and Hc. The 

greater the value of remanent magnetization, the 

greater the larger the field required to eliminate 

them. This happens because the remanent 

magnetization is the amount of residual 

magnetization which is still owned by a material 

when it is not influenced by the external field.  

4 CONCLUSION AND DISCUSSION 

X-Ray diffraction result shows that the 

sample was crystalline structure and form ZnxFe3-

xO4 stoichiometry. Further refinement of 

diffractions data show that the crystal structure has 

change from cubic to hexagonal structure and 

lattice volume decrease 10 times by increasing of 

doping and occur . The results show that ZnxFe3-xO4 

was exhibit ferrimagnetic characteristic at room 

temperature 
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ABSTRACT 

Abstract should be written using Times New 

Roman 10, in two column format, and up to 200 

words. The closer the authors stick to this 

guideline, the better the quaility of the proceeding 

(and the less the time uninterestingly spent by the 

organizing committee). A numerical model for the 

fully three-dimensional simulation of melt filling in 

an injection-compression process is proposed in 

this paper, where a moving grid strategy is 

employed. Similar to other fully three- dimensional 

methods, the fully three-dimensional Navier-Stokes 

equations are solved together with the front 

transport equation using a front capturing approach. 

To avoid the difficulty in specifying gas outlet 

required by SIMPLE-type algorithms with 

incoming melt, the escape of air is modeled through 

source terms described by a compressible model. 

Filling predictions of disk part are conducted to 

demonstrate the advantages of proposed scheme in 

simulating injection-compression processes. After 

conducting several computations under different 

processing conditions, it was found that the 

compression speed and compression stroke are the 

two factors affecting the molding pressure most 

significantly. The simulated molding pressures 

were also compared with those required by 

conventional injection molding (CIM) assuming the 

same entrance flow rate. Using higher switch time, 

lower compression speed and higher compression 

stroke will result in lower cavity pressures. 

 

Keywords: three-dimensional, moving grid, disk 

part, injection-compression process 

 

1 INTRODUCTION 

Injection molding, being one of most 

important polymer processing operations, consists 

of three major stages: filling, packing, and cooling. 

In a pure compression molding process [1-4], 

polymer melt is compressed to flow by moving the 

movable platen of the mold to complete melt 

filling. The melt is then continued to be compressed 

by the pressure exerted from the mold wall of the 

core side. This process provides a more uniform 

pressure along the cavity wal and requires only a 

low molding pressure for the postfilling process. 

The injection-compression molding [1-3], 

combining conventional injection molding and 

compression molding, has been developed to 

incorporate the advantages of both molding 

processes. An injection-compression molding 

machine is constructed by modifying an injection 

molding machine with an additional compression 

system. The compression stage is usually 

introduced after partial melt filling of the cavity. 

Generally speaking, the injection-compression 

molding process retains the advantages of 

conventional injection molding, such as high 

production rate, steady process operation, and easy 

process automation. Despite of some related 

researches in the injection-compression molding, 

the full understanding of the optimized control over 

the injection-compression techniques is still far 

from completeness. Form the engineering point of 

view, numerical tools are essential to locate the 

adequate processing parameters due to the 

complexity of this highly nonlinear problem. 

2 MODEL AND ANALYSIS 

2.1 Fully Three-Dimensional Model 

The basic governing equations to describe 

the melt flow inside cavities during injection 

molding process are based on the conservation 

principles, i.e. the conservations of mass, 

momentum, energy and species, which can be 

expressed in the differential form as follows: 

  0u 







t
                                               (1) 
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where ρ, t, u, T, g, h, k, T, η, D and c denote the 

density, time, velocity vector, stress tensor, 

gravitational acceleration, enthalpy, thermal 

conductivity, temperature, viscosity, rate of strain 

tensor and volume fraction, respectively. In the 

proposed three-dimensional model, the Navier-

Stokes equations, instead of the Stokes equation 

appearing in other literatures [4,5] are solved in 

order to take the inertia effects into account. The 

melt front is determined by solving the transport 

equation for volume fraction c. The value of 

volume fraction c complies with the following 

convection, c=0 for cells are fully filled by melt, 

c=1 for cells fully filled by air, and 0<c<1 for cells 

filled by both fluids. The stress tensor T and rate of 

strain tensor D are then given as follows: 

  IIu
3
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D2T p                              (5) 
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D                                             (6) 

where I and p denote the unit vector and pressure. 

Non-Newtonian characteristics of polymer melt 

viscosity is described by a form of modified-Cross 

model with Arrhenius temperature dependence, that 

is, 
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where   denote the shear rate, 0  the viscosity of 

zero shear rate, n, 
* , B, bT  are parameters of 

material properties. 

2.2 Modeling of air   

In fully three-dimensional models, a front 

transport equation is commonly adopted to describe 

the melt front location during the injection molding 

process. Outlet boundaries are often required to 

satisfy the mass conservation for melt and air, 

especially for SIMPLE-type algorithms with flows 

coming into the computational domain. In order to 

avoid such problem, the gas escape is modeled by a 

source term appearing in the applied front transport 

equation, where the melt density is assumed 

constant and the density of injected gas is presumed 

following the ideal gas law.  

In order to simulate the injection-

compression molding process with more flexibility 

without encountering the aforementioned 

difficulties and limitations, a moving grid approach 

is adopted in the study, where the computational 

domain will deform with time. The deformation of 

melt cavity during the compression process will be 

accurately reflected by the grid movement at 

different time instances in the numerical 

simulations 

 
Figure 1. Geometry of the disk part 

3 RESULT 

The melt filling of a disk part is chosen to 

exemplify the applications of proposed numerical 

model to fully three-dimensional injection-

compression molding simulations in this section. 

The geometry of the simulated disk part is given in 

Fig. 1, where diameter of disk part is 140 mm and 

thickness of disk part is 1.0 mm. Melt temperatures 

for PS resin is 240°C and mold temperature is 

40°C. Filling times for full injection molding are 

0.1, 0.2 and 0.25 seconds. For the injection-

compression molding process, mold cavity was 

opened to 1.25 mm, 1.5 mm and 2.0 mm thick. 

Melt was first injected for a specified period then 

the compression starts. Used compression speeds 

are 5 mm/s, 10 mm/s and 15 mm/s. Table 1 

summarizes the constants of employed Cross-WLF 

model and related material properties for the 

injected melt. 

The melt filling of disk is simulated under 

several processing conditions, while a conventional 

injection molding case is also conducted for the 

purpose of comparison. The conventional injection 

modeling case, also simulate on the cases using 
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injection-compression molding techniques. In the 

injection-compression molding cases, the melt is 

injected into the cavity with a constant opening in 

the depth direction during the injection phase. Then 

in the compression phase, the mold is closed within 

the given compression time. For all simulations, a 

multi-block structured grid system with 

approximately 25350 cells is used to discretize the 

cavity in the filling simulation. There is no outlet 

boundary is required in the numerical simulations. 

 
Table 1. Cross-WLF model constants and material 

 properties for Polystyrene (PS) 

  (kg/m3) 940 

cp (J/kg.K) 2100 

k (W/m.K) 0.18 

N 0.2838 
*  (Pa) 1.791e+4 

B (Pa-s) 2.591e-7 

bT  (K) 11680 

 

Figure 2 shows the evolution of melt front at 

different melt filling percentages in the injection 

molding (CIM) process. In the case, the melt is 

injected into the cavity simultaneously with the 

closing of cavity wall. However, in this case the 

melt still fails to purge the rest of air out of the 

cavity through mold gap located at the mold outer 

boundary before the melt encloses all mold outer 

boundaries, which prevent the air in cavity from 

further escape to the atmosphere. It is found that a 

gas bubble is trapped at the end of melt filling. This 

is due to the highly uneven thickness distribution of 

disk along the r direction. 

 

 
Figure 4. Comparisons of pressure profiles at entrance under 

various compression strokes of injection-compression molding. 

 

Figure 3 depicts the locations of melt front at 

different time instances in the injection and 

compression phase for ICM. The movement of 

cavity wall clearly accelerates the melt not only in 

the outer region. As a consequence, a more uniform 

melt front velocity is resulted and no trapped air in 

melt is expected. However, the introduction of 

injection-compression molding techniques is no 

guarantee of removing possible trapped air in melt.  

Simulated results on the pressure 

distribution at end of filling stage with different 

compression strokes are shown in Fig. 4. It was 

found that under higher compression stroke the 

process result in lower pressure distribution and 

longer cycle times. Compression stroke is another 

important factor in determining the molding 

pressure.  

4 CONCLUSION AND DISCUSSION 

In this paper, a numerical scheme using a 

finite volume formulation for three-dimensional 

simulations of melt filling in injection-compression 

molding processes is proposed. Similar to other 

fully three-dimensional methods, the full Navier-

Stokes equations are solved together with the front 

transport equation using a front capturing approach. 

Different from previous studies employing sources 

terms to account for the cavity deformation, the 

proposed model can take the movement of cavity 

wall into account through a grid moving approach. 

Compression speed and compression stroke are two 

factors that affect the molding pressure most 

significantly. Under proper compression speed, the 

molding pressure can be reduced as compared with 

that of the purely conventional injection molding. 
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Figure 2. Melt front evolution at injection molding (CIM) process 

 
Figure 3a. Melt front evolution in the injection phase of ICM 

 

Figure 3b. Melt front evolution in the compression phase of ICM 
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ABSTRACT 

Ant colony algorithm is one of many mature 

research methodologies in searching, routing and 

optimizing field. This methodology uses biological 

and behavior phenomenon as an algorithm 

philosophy to solve fastest path problem and other 

optimization problems. Many researchers have 

researched by using ant colony algorithm as their 

methodology, not only for technical cases, but also 

for management aspect cases. The ant colony 

algorithm methodology can be used in problem 

solving for the routing or optimizing supply chain 

path in supply chain management case. As we 

know, that in the supply chain case, the best path 

searching problem is a usual problem happen. In 

this paper, the authors   propose a generic model 

based on ant colony algorithm that was 

implemented in supply chain performance 

measurement cases.  

 

Keywords: ant colony algorithm, generic model, 

supply chain, performance measurement 

 

1 INTRODUCTION 

1.1 Background  

More than one company involvement in 

industrial sector is the reason supply chain 

management concept is needed in industrial 

implementation. Relationship among companies in 

one industrial area, such as: raw material producers, 

collectors, factories, warehouses, distributors, 

retailers,  and the customers, is a supply chain flow 

that could not be separated one to each others. The 

differentiation of data and information platform, 

leadership style, and the working culture in every 

level of supply chain, is the problem that has to be 

solved.  

Supply chain is a system where the 

organizations or companies can supply their 

products and services to their customers. This chain 

is as network of many related companies that have 

the same goals and objectives. The supply term, in 

supply chain term, includes product transformation, 

in this case, transforming raw material to end 

product [1]. 

On the other hand, the best path of supply 

chain searching problem, to supply the product 

from supply to demand side [2], always be 

researched in day per day by many researchers. In 

other research, [3] has researched in supply chain 

management as Intelligent Supply Chain. ISN is a 

system that integrates all of the involved actors in 

supply chain. [4] has researched in responsive and 

efficient supply chain. 

One of many methodologies that can be used 

for solving the current supply chain problem is ant 

colony algorithm methodology, or usually called 

Ant Colony Optimization (ACO). ACO is a 

paradigm for designing meta-heuristic algorithms 

for combinatorial optimization problems. The 

essential trait of ACO algorithms is the 

combination of a priori information about the 

structure of a promising solution with a posteriori 

information about the structure of previously 

obtained good solutions [5]. Other definition said 

that ACO is a heuristic optimization method for the 

fastest path problem solving or other problem 

optimization by using biological ant behavior 

phenomenon [6].  

The meaning of generic model in this case is 

the model that describes the developed model 

generally. On the other hand, the generic model is 

the opened model. It can be extended in accordance 

with what we want, which means our model will 

support solution in different process in the supply 

chain. According to that background, this paper 

would explained research background, related 

works, theoretical review in the first part; generic 

model development in the second part; 

measurement and result in the third part; and 

discussion and conclusion in the fourth part. 

1.2 Related Works 

There are many researches that used ant  

mailto:taufikdjatna@ipb.ac.id
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colony optimization as a main technique. Some of 

them are [7] researched in production optimization 

and maintenance process scheduling area; [8] 

researched by using ACO in routing design area; 

[9] have researched in project critical path 

searching area by using ACO as a main method 

[10] also studied in product packing and delivering 

area for supply chain; and [11] have studied aspect 

of supply chain in performance management, in 

combination of SCOR, value added, cost and 

financial supply chain performance measurement.  
On the other hand, [12] combined ACO and 

Genetic Algorithm for developing the Chinese 

question and answering system. [13] used ACO for 

data processing dynamic city choice case and [14] 

used ACO for partner selection case. Moreover, 

[15] and [16] used ACO that was implemented in 

mobile system case. 

1.3 Theoretical Review 

Supply Chain Management 
 

Supply chain concept is still a growing 

concept in logistic problem view. In a conventional 

concept, logistic problem has been seen as internal 

company problem only. The companies have to 

solve their problems internally and solely, without 

collaborate to their company partners. In this new 

one, logistic problem is seen as a boarder problem. 

The logistic problem can be happen in every step of 

supply chain, from the first level up to the last level 

of supply chain. That is reason why supply chain 

management can be defined as a set of approaches 

utilized to efficiently integrate suppliers, 

manufactures, warehouse, and stores, so that 

merchandise is produced and distributed at the right 

quantities, to the right locations, at the right time, in 

order to minimize system wide costs while 

satisfying service level requirement [2]. The figure 

1 described supply chain management concept [2].  

 

 
Figure 1. Concept of Supply Chain Management 

 

On the other hand, supply chain can be 

defined as a system that used by company to supply 

its product and service to its customers. This chain 

is also as network of many related organizations 

that have the same goals and objectives [1].  

Ant Colony Optimization 
 

[17] Said that ACO is an optimization 

technique inspired by observations on the behavior 

of biological ant colonies; it has been introduced by 

[13], and [19]; and developed later into a meta-

heuristic for combinatorial optimization problems 

([20], [21], [22]). Recently, ACO algorithms have 

also turned out as competitive in a discrete 

stochastic optimization context ([23], [24], [25], 

[26], [27]).  

An ACO is essentially a system based on 

agent, which simulates the natural behavior of ants 

including mechanisms of co-operation and 

adaptation. To use this kind of system, a new meta-

heuristic is proposed in order to solve combinatorial 

optimization problems. This new meta-heuristic has 

been shown to be both robust and versatile in the 

sense that it has been successfully applied to 

arrange of different combinatorial optimization 

problems. ACO algorithms are based on following 

ideas [28]: 

1. Each path, is followed by an ant, is associated 

with a candidate solution for a given problem. 

2. When an ant follows a path, the amount of 

pheromone deposited on that path. This path is 

proportional to the quality of the corresponding 

candidate solution for the target problem.  

3. When an ant has to choose between two and 

more paths, the path with a larger amount of 

pheromone has a greater probability of being 

chosen by the ant. 

Conceptually, in ant colony algorithm, two 

ways of food searching way, that are used by ants, 

are used in this method. Other principles of ACO 

are [29]: 

1. Random direction for searching and collecting 

some food, 

2. When one ant finds food resource, that ant 

traces back again the path that was used by it, 

3. The ants put chemical Pheromones on their 

path that can be evaporated, 

4. In loop, the chemical pheromones will 

decreases, but on the other hand, it will be 

added, 

5. Some ants will follow the shortest path, the 

strongest chemical pheromone path. 

2 GENERIC MODEL 

Based on basic behavior of ACO model 

[22], we generate a generic mathematical model for 

supply chain performance measurement which was 

described in the next formula. 
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Where:  

 = Performance of Current Path 

 = Current Distance, the basis of 

measurement 

 = Performance of Previous Node Variable 

 = Total of Previous Node Variable 

 = Current Path Pheromone  

 

The supply chain performance depends on 

the path length (in this case, distance is the basis 

variable for measurement), supply chain element 

performance and pheromone quality. The supply 

chain element performance could be showed in the 

next mathematic formula. 

 

 
Where: 

 = Performance of previous element 

 = Performance of previous element‘s 

SCOR variable 

 = Performance of Previous element‘s 

Financial variable  

 = Performance of Previous element‘s 

Added Value Variable 

 = Performance of previous element‘s 

Transportation Cost Variable  

The supply chain element performance 

depends on performance of SCOR, financial, 

added-value and transportation cost variables. This 

is an opened model, so if it is needed, we can add 

some new variables, according to the case that was 

being faced.   

The generic model can be described in 

usecase diagram. This model is divided in to two 

sub-systems; Ant colony sub-system and Supply 

Chain Performance Sub-System. In the ant colony 

sub-system, user can use the main model to search 

the best path of supply chain. On the other hand, 

supply chain and supply chain element performance 

are measured in supply chain performance sub-

system. The usecase diagram could be showed in 

Figure 2. 

Information flow and type of the model 

could be described by using information liquid 

model (Figure 3). This model could be showed 

some information resources that were needed in this 

model, such as: supply chain element; value of 

SCOR (Based on [30]), financial, added value and 

transportation cost variable; and distance and route. 

The generic model is shown in class diagram 

(Figure 4). To describe the model, there are five 

classes in this class diagram: class AntGraph, class 

Ant, class AntColony, class Ant4SC and class 

AntColony4SC. Class AntGraph connects to 

ClassSupplyChainPerformance that consists of: 

class SCORPerformance, class 

financialPerformance, costPerformance, and 

addedValuePerformance. Each class represents the 

name of main component in ACO. This model can 

be called by distance based model [11].  

 

Ant Colony Sub-System

Supply Chain Performance Sub-System

User

The Best SC 

Searching

Criteria 

Identification

SCOR 

Performance

Added Value 

Variable 

Performance

Financial 

Variable 

Performance

SC Element 

Performance

SC Performance

Transportation 

Cost Variable 

Performance

 
Figure 2. Usecase Diagram of Generic Model 

 

 

 
Figure 3. Information Liquid Model 
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Figure 4. Class Diagram of Model 

  

The detailed ant colony based generic model 

could be described in Figure 5. It is started at 

variable initiations, ants generating, up to supply 

chain performance value getting. 

Further explanation of this model could be 

described in sequence diagram in Figure 6. This 

diagram explained the relationship among objects 

or classes in the model. In the other words, this 

diagram explained the relationship among entities 

in the model. 
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Figure 6. Sequence Diagram of Model 

 
Figure 5. Activity Diagram of Model 
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3 MEASUREMENT AND RESULT 

In order to justify our model, we do some 

measurement based on Figure 4. Data and 

information resource for this step is derived from 

field observation and computation. 

We verify the ACO generic model on an 

example for this measurement which is used for 

supply chain performance measurement case was 

described in a tree view in Figure 7. We deploy a 

spanning tree algorithm to construct this tree.  

The authors take this example from palm 

based bio-energy supply chain case. The supply 

chain network described that A is the end customer; 

B and C are bio-energy factories; D is a Crude 

Palm Oil (CPO) factory; and E, F and G are palm 

farmers. 

The distance value of the tree was converted 

in to graph matrix in Table 1. This matrix described 

distance between nodes or elements in one supply 

chain network. 

A

B

C

D F

E

G

55

75

40

55

50

45

35

Figure 7. Supply Chain Tree 
 

Table 1. Graph Matrix 

 A B C D E F G 

A 0.00 55.0 75.00 0.00 0.00 0.00 0.00 

B 0.00 0.00 0.00 40.0 0.00 0.00 0.00 

C 0.00 0.00 0.00 55.00 0.00 0.00 0.00 

D 0.00 0.00 0.00 0.00 50.0 45.00 35.0 

E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

The performance value of each element: 

SCOR, financial, cost and added value, could be 

shown by data in Table 2.  

 
Table 2. Performance Value 

 A B C D E F G 

SCOR 0.7 0.7 0.5 0,5 0.5 0.5 0.7 

Financial 0.5 0.7 0.7 0.7 1.0 0.5 0.7 
Cost 0.7 0.7 0.5 0.7 1.0 0.5 0.7 

Added Value 0.7 0.7 0.5 1.0 0.5 0.5 0.5 

 

The performance evaluation could be 

explained by using result of the model execution. 

Some data resulted from this execution are in Table 

3. 
 

Table  3. Execution Result 

∑Ph. ∑Ev. Path Distance Performance Value 

0.11 0.01 A,C,D,F 175 50.77 

0.13 0.03 A,C,D,E 180 29.92 
0.01 0.15 A,B,D,E 145 81.45 

0.05 0.05 A,B,D,E 145 61.13 

0.05 0.07 A,B,D,E 145 73.76 

∑Ph. = Average of Pheromones,  

∑Ev. = Average of Evaporation, 

Sum of Ant = 2000 

 

The execution result showed that optimum 

path is A, B, D, E and the best performance value is 

61.13, the most little one. On the other hand, the 

best performance value is 29.92 (with path: A, C, 

D, E).This performance value was described in km 

(kilometers) unit size. 

4 CONCLUSION AND DISCUSSION  

Ant Colony Algorithm could be 

implemented in model of supply chain performance 

measurement. It was called ant colony algorithm 

based generic model for supply chain performance 

measurement.  

Usecase diagram  showed the relationship 

between user and the model, and between both sub-

systems; ant colony and supply chain performance 

sub-system. 

This generic model is an opened model, 

because there are many variables that can be added 

in this model, it depends on the case was being 

faced. In this paper case, author used 4 variables: 

SCOR, financial, added value and transportation 

cost variable.  
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ABSTRACT 

This research investigates alternative way to 

measure one of important elements, phosphorus, in 

agricultural soils. In many agricultural lands, the 

farmers‘ behavior is just using their experience and 

invalid information when take fertilizer in their soil. 

This condition not only scarifies the soil fertility 

and harm microorganism but also waste the 

farmer‘s money. This study develops equipment 

using camera, computer and Artificial Neural 

Network (ANN) as algorithm. The result show that 

proposed method can do measure the phosphorus 

amount well. 

 

Keywords: ANN, agriculture, soils, camera, 

phosphorus. 

 

1 INTRODUCTION 

The Soil holds important role for the plant 

growth. It has main function as place to growth, 

providing water and providing air to root breath. 

There are three main factors deciding the quality of 

fertility in agricultural soil. They are Biology, 

physic and chemistry factors. In real world, they 

influence one to another and must be equilibrium 

[1]. If the plants can get the nutrition directly from 

the soil, they will grow well and result good crop. 

Today, the nutrition for the plants provided 

by the agricultural soil is not enough. Since the 

industrial Green Revolution of the 20th century, 

chemically synthesized inorganic fertilizers were 

widely used in agricultural plant. It replaces organic 

fertilizer due to fulfill plant nutrition fast. Lately, it 

has been realized that the utilization of the 

chemically synthesized inorganic fertilizers causes 

decreasing of microorganisms in the soil and affect 

the decreasing of the soil fertility. 

In Indonesia, a country with wide agriculture 

land, the utilization of the chemically synthesized 

inorganic fertilizers has started since early 70-es. 

About twenty years later, early 90s, the crop has not 

satisfied anymore.  

The condition of soil is very important 

information for the farmer before they cultivate the 

plant. The information will be useful to decide what 

the elements being needed are and how many is. 

This procedure is not work well due to difficulties 

to conduct it. The farmers, who leave far from the 

center of research or university, do the fertilizing 

based on experience and lack of information. This 

condition causes disadvantage for the farmers; 

wasting fertilizer and money. 

In this research, we use artificial neural 

network (ANN) to predict one of important 

elements, phosphorus (P), deciding the quality of 

soil‘s fertility. There have been researches in 

agricultural field involving soft computing 

intelligence techniques. He et al. [2] use ANN to 

estimate monthly total nitrogen concentration in 

streams. They investigate the relationship among 

the land use, fertilizer, and hydrometerological 

conditions in 59 river basins over Japan and then 

applied to estimate the monthly river total nitrogen 

concentration (TNC). Anctill et al. [3] use ANN to 

simulate daily nitrate-nitrogen and suspended 

sediment fluxes from a small agricultural catchment 

(Melarches), 70 km east of Paris, France. They 

investigate the soil erosion and biochemical 

applications associated to human activities such as 

intensive agriculture. Lek et al. [4] used ANN to 

predict phosphorus concentration and phosphorus 

load from watershed characteristics. They 

investigate relationship between land use and the 

concentration and export of total phosphorus and of 

orthophosphate by watersheds. Salehi et al. [5] used 

ANN to predict of annual nitrate-N (N03-N)) losses 

into drain flow at Eugene F. Whelan Experimental 

Farm (Agriculture Canada, Woodslee, Ontario, 

Canada). They used daily measurements of nitrate-

N taken from eight different soil conservation 

treatments during 1992-1994. 

In this research, we use ANN to predict 

phosphorus amount in agricultural soils. The result 

of this research is aim to make portable instrument 

(included ANN inside) which can be used in many 

place easily. The instrument is helpful tool to give 

farmer information about soil condition. The 

information is very important because farmer can 

give appropriate treatment to their agricultural land. 

 

http://en.wikipedia.org/wiki/Green_Revolution
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2 MODEL, ANALYSIS, DESIGN, 

AND IMPLEMENTATION  

2.1 Proposed method 

In this research, we investigated ANN 

application to decide phosphorus amount in 

agricultural soil. It is aimed to simplify procedure 

to check condition of the agricultural soil before 

farmers give treatment for its fertility.  

The general procedures in many research 

center or university are shown in fig.1. This 

procedure is very difficult to do because of 

accessibility reason.  In Indonesia which has wide 

agricultural land in thousand kilometers from 

research centre, it is a difficult thing to do the 

standard procedure. The reason for this problem 

caused by expensive and non-portable tool, 

spectrophotometer. The proposed method, shown in 

fig.2, is aimed to create a tool simplifying this 

problem. With this tool, non agricultural scientist 

can do the procedure easily. They just operate the 

computer and find the condition of their agricultural 

soil fast. 

 

 
 

Fig.1. Official procedure to find information of soil condition 

 

Detail of general process in this research is 

described in fig.2. The input is extraction of 

phosphorus solution appearing different color for 

different value. Camera will capture the solution 

and the results are then processed by ANN to find 

the level of phosphorus in the soil‘s extraction. 

 

 
 

Fig.2. Diagram of proposed method 

 

 

 
Fig.3. Detail of General Process in this research 

 

Detail of the processes is also shown in 

fig.6. In this research, we used MATLAB 6.3 to do 

the process. The image is captured through video 

streaming process. It is aimed to avoid distortion of 

the image caused by camera calibration. The image 

consisting of three main colors, red, green, blue, 

will be used as input of ANN.  

2.2 Camera’s lighting standard 

In image processing, lighting holds 

important role to decide quality of resulted image. 

In this research we used certain conditioning to 

make standard lighting in capturing the image, 

fixed in one box design (see fig.4 and fig.5). This 

fixed box is assumed in same condition when 

camera captures the image for both data training 

and real measuring image. 

The example of the captured image is shown 

in fig.5. The captured image shows that camera can 

distinguish different color well. 

 

 neon lamp

white w all

extracted soil s

Webcame

 

Fig.4 Fixed Box for lighting standard 

2.3 Artificial Neural Network (ANN) 

The genetic algorithm is a search heuristic 

that mimics the process of natural evolution. This 

heuristic is routinely used to generate useful 

solutions to optimization and search problems [6]. 

In this research, ANN will be used to mimic the 

pattern of phosphorus color which has relationship 

with its level. We used back propagation algorithm 

to train the network and used several methods with 

its combinations in hidden layer to find minimum 

error. The methods and layers will be compared to 

http://en.wikipedia.org/wiki/Search_algorithm
http://en.wikipedia.org/wiki/Optimization_%28mathematics%29
http://en.wikipedia.org/wiki/Search_algorithm
http://en.wikipedia.org/wiki/Problem
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unknown data to analyze whether the ANN can 

introduce the unknown data or not. 
 

3
.5

 c
m

3
.5

 c
m

  (c)

(a) (b)

extracted soil
Webcam

 

Fig.5. Dimension of box and the captured image a). side view, 

b). top view, c) . captured image 

  

 

Fig.6. Flowchart of proposed method 

 

3 RESULT AND DISCUSSION 

Table.1 shows the value of color component 

and its level. In this research, extract process will 

produce color which has relationship with 

phosphorus amount. The higher level of phosphorus 

the darker the color. This data will be used as 

training data to build ANN structure with value of 

each RGB as its input. In this study, the training 

data is ten samples and the examiner data is five 

samples. 

Tabel 1. Phosphorus level, captured image and RGB value 

ppm R G B color 

0 0.5176 0.4941 0.4941 
 

0.2 0.4784 0.4667 0.4941 
 

0.4 0.4471 0.4431 0.4627 
 

0.8 0.4157 0.4157 0.4549 
 

1 0.4118 0.4196 0.4667 
 

1.4 0.3529 0.3608 0.4196 
 

2 0.3294 0.3490 0.4353 
 

3 0.2392 0.3020 0.4039 
 

4.5 0.1412 0.2039 0.3373 
 

5 0.1412 0.1882 0.3529 
 

6 0.0902 0.1490 0.3176 
 

7 0.0627 0.1176 0.3020 
 

8 0.0314 0.0980 0.3020 
 

9 0 0.0784 0.2863 
 

10 0.0078 0.0510 0.2706 
 

 

The result of training data is in table.2. It 

shows that ‗trainlm‘ (levenberg-marquart) method 

can reach smallest error, about 10
-27

- 10
-28, 

that 

means it can introduce the data pattern with very 

small error. 

Table 2. Training method and the results 

Algorithm MSE Epo

ch 

result 

traingd 1e-03 1500 No-conv 

traingda 1e-03 1500 No-conv 

trainrp 1e-05 1500 No-conv 

traincgf 1e-05 1500 No-conv 

traincgp 1e-05 1500 No-conv 

traincgb 1e-05 1500 No-conv 

trainbfg 1e-06 1500 No-conv 

trainlm 1e-28 74 convergent 
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From the convergent method, we use several 

combinations of hidden layer to find which the best 

formation being able to introduce new data or 

testing data. The results of checking the hidden 

layer combination are shown from table 3 to table 

6. Value of error is found by  equation 1. 

 

…(1) 
Table 3. Neural Network with formation 3-4-4-3-1 

Testing data 

(ppm) 

ANN prediction 

(ppm) 

% Error  

0.6 0.6357 1.3 

3.5 3.5929 2.6543 

5.5 5.5311 0.5655 

6.5 6.5287 0.4415 

1.8 1.4953 16.9278 

 
Table 4. Neural Network with formation 3-5-4-3-1 

Testing data 

(ppm) 

ANN prediction 

(ppm) 

% Error  

0.6 0.6078 1.3 

3.5 4.1382 18.2343 

5.5 5.7654 4.8255 

6.5 6.5074 0.1138 

1.8 1.6699 7.2278 

 
Table 5. Neural Network with formation 3-5-4-2-1 

Testing data 

(ppm) 

ANN prediction 

(ppm) 

% Error  

0.6 0.6865 14.4167 

3.5 1.4946 16.9667   

5.5 3.7787 7.9629 

6.5 5.5422 0.7673 

1.8 6.5328 0.5046 
 

Table 6. Neural Network with formation 3-5-4-4-3-1 

Testing data 

(ppm) 

ANN prediction 

(ppm) 

% Error  

0.6 0.7007 16.7833 

3.5 3.6100 3.1429 

5.5 5.2784 4.0291 

6.5 6.2652 3.6123 

1.8 1.4530 19.2778 

 
Table 7. Comparison among different layer formations and 

average error 

Layer formation & 

Neuron amount 

% Error  

3-4-4-3-1 8 

3-5-4-3-1 8.142 

3-5-4-2-1 9 

3-5-4-4-3-1 8.46 

 

From table 7, we can see that ANN with 

structure 3-4-4-3-1 can introduce the new data and 

has smallest minimum error. This structure is 

become chosen structure of ANN in proposed 

method. The weights of neural network are then 

applied in MATLAB program merged with camera 

instruction. 

After finding the best structure of ANN, the 

chosen ANN is then compared to 

spectrophotometer reading. The comparison result 

is shown in fig.8. From fig 8, we can see that the 

ANN can get more accurate reading than 

spectrophotometer. This result shows that the 

proposed method can be used to replace 

spectrophotometer to analyze agricultural soil 

condition particularly in far place from research 

center. 

 

Fig.7. Structure of chosen formation with its weights 

 
 

Fig.8. Comparison between ANN and Spectrophotometer 

reading 



The 2nd Annual Indonesian Scholars Conference in Taiwan                                                                                                  
 

113 

 

 

ISSN 2086-5953 

 

4 CONCLUSION  

From the result of analysis, we can conclude 

that the proposed method can introduce pattern of 

image representing phosphorus level in agricultural 

soil well. When compared to spectrophotometer 

reading, the result shows the proposed method can 

read more accurate. It is mean that the result of this 

research can be used to analyze the agricultural soil 

before farmer give something treatment to it. The 

advantage of this tool is portable equipment where 

it can be used in remote area or agricultural land 

which‘s far away from research centre. 

To the future research, the researchers need 

to investigate the influence of lighting in relation to 

captured image. The lighting will strongly influence 

the quality of image, it is ―The better the image the 

more accurate information we get‖. 
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ABSTRACT 

For continuous production as petrochemical 

industry, there is a high requirement in availability 

of production system. To support this production 

system, we need to ensure that machines are always 

in operating state.  Maintenance programs are 

responsible to retain or restore equipment in a 

operating state.  When the maintenance perform by 

replace a failure component, we need to find the 

optimal replacement interval considering the 

reliability and total cost of replacement. To support 

this replacement activity, we need spare part that 

must be hold in inventory. Therefore the 

management of spare part inventory should 

consider replacement activity that triggered it. We 

calculated optimal replacement interval for critical 

component at Plant II that produce Phonska 

fertilizer. We found the maintenance interval (tp) 

that minimized the total cost of replacement 

comparing to the existing practice in company even 

we must replace more often than existing.  We also 

calculate inventory policy by considering this 

preventive replacement interval (tp) and the 

reliability of component. The inventory policies are 

average number of spare part required (N), safety 

stock (SS), reorder point (ROP), and order quantity 

(OQ). This spare part inventory management aim to 

provide available spare part to support maintenance 

program at minimum cost of maintenance and retain 

component reliability. 

 

Keywords: optimal preventive replacement 

interval, spare part inventory, reliability. 

 

1 INTRODUCTION  

Lewis (1987) defines maintenance as all 

actions necessary for retaining or restoring 

machine/facilities in a specified condition. This 

specified condition means that the machine is 

functioning according to the user defined. The 

maintenance aim to optimize the reliability of 

machine/equipment, so the equipment capable to 

provide optimum performance to support 

production process. Reliability defines as a 

probability that item/machine functioning as user 

defined (Connor, 1995). 

While performing maintenance activity, we 

must consider when to do and the cost 

consequences. More often maintenance will be able 

to retaining the availability of machines but the 

maintenance cost consequences will increase. 

Meanwhile, less maintenance has low cost 

consequences but will increase the risk of engine 

failure and cost of failure. Therefore we need to 

find the optimal maintenance interval (Connor, 

1995). 

 On the other hand, when we perform 

replacement activity, as one kind of maintenance 

activity, we need spare parts to replace failure 

component. Spare parts availability will affect the 

smooth of operation. When spare parts are not 

available the maintenance activities will be 

disrupted, meanwhile when too many spare parts 

will increase inventory cost. Therefore it is 

necessary to determine the number of spare parts 

required for certain planning period. Spare parts 

demand will depend on the number of 

replacements. The estimation of spare parts demand 

is very important in the management of spare parts 

inventories. 

Demand is the main reference in inventory 

management. Spare parts demand is triggered by 

the number of failure that treat by replace 

components. The failure is random, so the spare 

parts required is also random. This random 

characteristic means that the spare parts demand is a 

probabilistic demand and should manage by 

probabilistic inventory management methods. There 

are two methods in probabilistic inventory 

management e.q continuous review and periodic 

review. On both methods demand only consider as 

time series event, regardless of what the triggered 

event before demand e.q equipment failure. If we 

are not consider the condition or reliability of the 

equipment, then the demand will only be a 

repetition or trend of a certain pattern of data, not 

taking into account the actual machine reliability. 

Therefore we must consider the engine reliability in 

mailto:nanikur@ie.its.ac.id
mailto:febri_evi@yahoo.com
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the demand determination and inventory 

management.   

PKG is one of petrochemical industry that 

produce fertilizer in Indonesia. They produced 

several fertilizer e.q Urea, Ammonium Sulphate 

(ZA), Superphosphates (SP-36), and compound 

fertilizer NPK (Phonska) to support agricultures. 

PKG has already performs maintenance program 

for their facilities and equipment. They schedule 

preventive maintenance at certain interval both for 

mechanical parts, instruments, and electrical parts. 

They determine maintenance interval based on the 

criticality level of equipment, but they are still not 

able to describe the criticality level of equipment. 

They consider that every machine are critical 

equipment, so the maintenance programs are not 

effective enough and often lead to equipment failure 

and interrupt the production process. Therefore, 

there is a need to evaluate the criticality of 

equipment, so the maintenance program will 

perform effectively to increase availability of 

equipment at minimized cost.  

In this research we develop maintenance 

program for production machine by determining the 

preventive replacement interval and propose 

management of spare parts inventory that minimize 

total cost by considering the reliability of 

equipment. This research will be done for Plant II 

that produce Phonska.  

2 RESEARCH METHODOLOGY  

The research methodology provides a 

thorough research process designed to 

systematically making it easy to understand. First, 

we focus our research on critical component. 

Therefore we have to develop selection process to 

define critical system, critical sub system, critical 

machine, and critical component. The criteria that 

we use in selection process are the number of 

failure and duration of down time. Second, we 

determine the optimal interval preventive 

replacement only for the critical component. 

Finally, we also develop spare part inventory 

management for this main critical component as a 

role model that can be duplicated for another 

component. . 

3 SELECTION THE CRITICAL 

OBJECT 

In selection process to find critical object, we 

consider two criteria e.q the number/frequency of 

equipment failure and the duration of down time. 

We do this process in sequence, by select critical 

system, sub system, machine and component.  

There are eight main system at Plan II eq 

Granulation, Screening, Drying, Feeding, Cooling, 

Scrubbing, Bagging, and others. The number of 

failure and the duration of downtime for every 

system can be described as follows at Figure 1 and 

Figure 2. 
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Figure 1. Pareto for Number of failure for each system  
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Figure 2. Pareto of down time duration for each system  

 

From Figure 1 and 2, the Granulation system 

has the largest value both in those criteria. 

Therefore the Granulation system is the critical 

system.  

Then we collect the number of failure of 

three section at Granulation system e.q mechanic, 

electric, and instrument as describe at following 

Figure 3. From that figure, it can be seen that the 

greatest amount of failure is at mechanic section. 

Therefore we focus only on equipment at 

Mechanical section.  

In granulation system there are several 

equipments : M108 (Pug Mill), M109 (Granulator), 

P952 (Water pump), P705 (H2SO4 pump), P800 

(NH3  pump), P800 (H3PO4 pump), E104(Amonia 

Exchanger), and R101 (Pipe Reactor). Based on the 

available data, selection process can only perform at 

three equipments e.q Pug Miil, Granulator, and Pipe 

Reactor. For every these equipment, we select 

The number of failure every system 

The duration of downtime every system 
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critical component based on criteria the number of 

replacement, price, and order lead time. 
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Figure 3. Pareto of the number of failure at Granulasi System 

Table 1 give the list of component at those 

three equipments selected. As an example we 

present the Pareto of replacement number for each 

component at Granulator that given at Figure 4. 

From that Pareto, we select the several components 

that have the greatest number of replacement as a 

critical component.  
Table 1. Mechanical component at Granulation system 

Equipment Component 

Pug Mill 

M 108 

Bearing 

Oil reducer 

Granulator 

M 109 

Rubber panel 

Rubber outlet 

Plough share 

Oil reducer 

Bearing H5 

Internal Gear 

Nozzle NH3 

Hose steam 

Hose line NH3 

Shaft 

Valve steam 

Pompa greasing 

Pipe Reactor 

R 101 

Nozzle 

Gasket 

Valve 
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Figure 4. Pareto of the number of component replacement at 

Granulator M109 

Tabel 2. Recapitulation of distribution and MTTF of critical 
equipment 

 

Component 

Weibull Parameter MTTF  

(hour) beta (β) eta (η) 

Bearing 0.6134 2931.063 4237.46 

Oil reducer 1.2754 6339.368 4993.57 

Rubber panel 0.4949 1687.460 3433.62 

Rubber outlet 0.7553 2085.942 2469.34 

Plough share 1.0765 793.241 771.04 

Internal Gear 3.7349 2131.529 1924.60 

Nozzle NH3 0.6721 3014.999 3974.08 

Hose steam 0.9188 2045.314 2019.94 

Hose line NH3 0.7648 1354.002 1586.91 

Nozzle 0.4779 3443.582 3974.08 

Gasket 0.5746 948.523 1513.58 

4 DETERMINATION THE 

OPTIMAL INTERVAL 

REPLACEMENT 

Preventive replacement is an important 

maintenance activity. One of the replacement policy 

of the most basic and simple is the preventive 

replacement age of equipment, e.q perform 

preventive replacement when the equipment reaches 

a certain age (tp) and perform the corrective 

replacement in the event of failure (Amari, 2003). 

The preventive replacement age policy can 

be seen on Figure 5.  In this replacement policy 

there are two possibilities of replacement that 

happen in cycle e.q replacement after reaching a 

predetermined age replacement (tp) and 

replacement carried out when failure occurs before 

the scheduled replacement time. These possibilities 

refer as replacement cycle as illustrated at Figure 6. 

 
Corrective 

Replacement

Tf
tp

Preventive 

Replacement

Tp
tp Tf

t

Corrective 

Replacement

Figure 5. Replacement Policy (Jardine, 1973) 
. 

 
 

Figure 6. Replacement cycle 

 

Cycle 1 

The number of replacement component at Granulator M109 

Preventive replacement   corrective replacement 

operation operation 

Cycle 2 

The number of failure of three section at Granulation 

system 
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Jardin (1973) state that the total replacement 

cost per time C(tp) is given at equation (1).  

. 

C(tp) =  expected total repl cost per cycle             (1) 

        expected cycle length 

where : 

The expected total replacement cost per cycle 

= (preventive cycle cost x prob of preventive cycle) 

+ (failure cycle cost x prob of failure cycle). 

= Cp x R(tp) + Cf x [1-R(tp)] 

 

The expected cycle length 

= [cycle of prob preventive] + [expected failure 

cycle length x prob of failure cycle] 

= [(tp+Tp) x R(tp)] + [(M(tp) + Tf) x (1-R(tp))] 

 

The equation of total replacement cost per unit time 

C(tp) now can be depicted at equation (2).  

 

)]tp(R1).(T)tp(M[()]tp(R).Tptp[(

)]tp(R1[fC)tp(R.pC
)tp(C

f 


      (2) 

where: 

Cp = cost of preventive replacement per cycle  

Cf = cost of corrective replacement per cycle 

R(tp) = reliability in period tp 

M(tp) = expected length of failure cycle 

tp = preventive replacement interval 

Tp = time of preventive replacement  

Tf = time of replacement due to damage 

 

By assign any tp value, we will get C(tp) and 

can be depicted as graphic. The optimal preventive 

replacement interval tp is the value of tp while the 

C(tp) is minimized. We can see in equation (2), 

C(tp) determine by considering reliability function, 

means that the preventive replacement tp is the 

optimum time according to the condition and 

reliability of equipment.    

The cost data both preventive (Cp) and 

corrective (Cf) replacement are given in Table 3.  

The calculation of C(tp) is done by changing 

the value of tp ranging from below to above MTTF 

value of each component. The optimal tp value then 

compare with MTTF. The replacement should be 

taken whereas the smaler value whether at MTTF or 

at tp.  The value of tp and the replacement interval 

(shaded cell) of every equipment are given at Table 

4. We can compare the result of calculation on tp 

and C(tp) with existing interval replacement and 

cost  of replacement. The obtained interval smaller 

than existing means more often replacement, but the 

total replacement cost smaller than existing. It can 

be a valuable contribution for company to reduce 

cost. 
 

Table 3. Recapitulation of Component Replacement Costs  

Component Cp Cf 

Bearing 406,628,404 818,147,385 

Oil reducer 404,800,522 622,071,028 

Rubber panel 407,318,955 697,570,450 

Rubber outlet 407,009,591 690,075,820 

Plough share 405,100,731 638,565,908 

Internal Gear 404,901,136 725,559,099 

Nozzle NH3 405,050,879 532,074,508 

Hose steam 406,443,729 694,139,454 

Hose line NH3 405,337,281 666,494,746 

Nozzle 404,877,240 734,792,925 

Gasket 405,858,109 744,217,785 

  
      Table 4 tp and the Preventive Replacement Intervals 

Component 

MTTF  

(hour) 

Calculation Existing 

tp C(tp) Tp C(tp) 

Bearing 4237.46 2900 216,472 7,200 2,273,145 

Oil reducer 4993.57 3400 100,276 7,200 113,006 

Rubber panel 3433.62 4700 279,401 7,200 283,006 

Rubber outlet 2469.34 1500 275,551 7,200 349,686 

Plough share 771.04 400 674,566 7,200 1,310,443 

Internal Gear 1924.6 1100 159,632 7,200 428,319 

Nozzle NH3 3974.08 4200 153,585 7,200 158,698 

Hose steam 2019.94 1200 302,083 7,200 461,135 

Hose line NH3 1586.91 1000 429,575 7,200 646,335 

Nozzle 3974.08 1400 578,576 7,200 721,716 

Gasket 1513.58 1300 584,815 7,200 730,683 

5 SPARE PART INVENTORY 

MANAGEMENT 

Based on the preventive replacement interval 

we can propose management of spare part 

inventories for specific interval tp. Along with 

interval tp, there are two kinds of replacement e.q 

corrective replacement and only 1 preventive 

replacement. We must estimate total number of 

replacement considering any kinds of replacement. 

The ordering lead time for all components is 

3 months, time for imported the component, unless 

the Plough Share which can be obtained from local 

supplier with 2 weeks lead time. In this inventory 

model, we assumed that we order at the end of the 

preventive replacement period s. This model can be 

illustrated at Figure 7.  

 

 
 

Figure 7. Inventory Management Model                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
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Inventories policies that must be consider are 

the average demand (N) during the replacement 

interval s (s is the optimum replacement interval 

,tp), safety stock, reorder point, and the order 

quantity. The equations of inventory control 

policies that are used in this model are given in 

equation (3) – (8) (Chairudin, 1998)  

 Average demand component (N) during the 

interval s  is : 






s

0

dt)t(R

)]s(R1.[t)s(R.t
N

   (3) 

 Reorder point, NNROP max        (4) 

Where Nmax obtain using the equation  




 1e
!n

)t(HmaxN

0n

)t(H
n

        (5) 

Where α is the risk of running out of inventory. 

 Safety stock, LDROPss             (6) 

Where DL is demand along lead time,  




s

0

dt)t(R

L

MTBR

L
LD

                (7) 

 Order quantity, ssNOQ max          (8) 

 

The calculation is done by changing α (risk 

of running out of inventory) at 5%, 2.5%, 1%, and 

0%. As an example, the component  inventory 

policies with α = 2,5% for every component are 

given at Table 5. 

From Table 5, we can see there is any 

number less than zero for safety stock. This 

situation is too risk because the failure is random 

and unpredictable, therefore we have to prepare 

while the total demand exceed the available 

inventory.  

In Table 6, we summarize the inventory 

policies for every component with the smallest 

value of α that give logical result. 

 

Table 5. Inventory Control for α = 2,5% 

Component N Nmax ROP SS OQ 

Bearing 2 4 2 0 4 

Oil reducer 2 3 1 0 3 

Rubber panel 3 5 2 0 5 

Rubber outlet 2 4 2 -1 5 

Plough share 10 13 3 -6 19 

Internal Gear 1 10 9 7 3 

Nozzle NH3 2 4 2 1 3 

Hose steam 2 4 2 -1 5 

Hose line NH3 2 5 3 -1 6 

Nozzle 2 4 2 -1 5 

Gasket 2 5 3 -1 6 

 

 
Table 6. Inventory Policies for every component 

Component α (%) N Nmax ROP SS OQ 

Bearing 1 2 5 3 1 4 

Oil reducer 1 2 4 2 1 3 

Rubber panel 0 3 7 4 2 5 

Rubber outlet 0 2 7 5 2 5 

Internal Gear 5 1 9 8 6 3 

Nozzle NH3 1 2 5 3 2 3 

Hose steam 0 2 7 5 2 5 

Hose line NH3 0 2 8 6 2 6 

Nozzle 0 2 6 4 1 5 

Gasket 0 2 8 6 2 6 

 

From Table 6, we can see that all 

components have logical result. But we evaluate 

Plough share separately because for all value of α 

the safety stock is less than one. This is happened 

because the time between failure is relatively short 

comparing with 2 weeks ordering lead time, so it 

require a lot of spare parts. To overcome this 

problem, we develop alternatives by shortening the 

lead time. The shorter lead time will decrease the 

demand during lead time, so the safety stock more 

than one unit. The alternative shorter lead time for 

Plough share at α  = 0% are shown in Table 7. From  

Table 7. Stock Control Plough Share 

Lead 

time 

(day) 

Lead 

time 

(hour) N Nmax ROP SS OQ 

12 288 10 17 7 -1 18 

10 240 10 16 6 0 16 

6 144 10 14 4 0 14 

5 120 10 14 4 1 13 

 

Table 7, we can see that by shortening (from 

2 weeks) to 5 days lead time, the safety stock value 

is more than one. Means there is still a safety 

inventory of Plough share part in the warehouse to 

cope with demand uncertainty, because Plough 

Share is the most frequently failure components. 

6 CONCLUSION 

Based on the results of data processing and 

analysis, we concluded that:  

1. According to the number of failure and period 

of down time, the critical system at plan II that 

produce Phonska is Granulation system 

specially for mechanic section. For the three 

equipment evaluated at mechanic section, we 

found 11 critical components (among 17 

components).  

2. By considering reliability of equipment and 

cost of replacement both preventive and 
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corrective, we already found the optimal 

preventive replacement interval (tp) for each 

component. Most of components have 

maintenance interval (tp) that minimized the 

total cost of replacement. It is better than 

existing practice in company in terms of total 

cost, even we must replace more often than 

existing.  

3. We have also already found the spare part 

inventory policy by considering the preventive 

replacement interval tp and the reliability of 

component. The inventory policies are average 

number of spare part required (N), safety stock 

(SS), reorder point (ROP), and order quantity 

(OQ) for each component. This spare part 

inventory management that consider reliability 

aim to provide available spare part to support 

maintenance program at minimum cost of 

maintenance. 

 

 

REFERENCES 

[1] Amari, Suprasad (2003). Bounds on Optimal 

Replacement Time of Age Replacement 

Policy. IEEE Journal vol 5. 

[2] Chairuddin, C. (1998). Penentuan Interval 

Perawatan Pencegahan Mesin Roller Mill di 

PT. Semen Gresik (Persero)-Gresik. Bachelor 

Final Project, Industrial Engineering 

Department, ITS Surabaya. 

[3] Jardine, A.K.S (1973). Maintenance, 

Replacement and Reliability. Pitman 

Publishing, London. 

[4] Lewis, E.E (1987). Introduction to Reliability 

Engineering. John Wiley & Sons Inc, United 

State of America. 

[5] O‘Connor, Patrick D.T (1995). Practical 

Reliability Engineering. John Wiley & Sons 

Inc, England. 
 



  

 

121 

ISSN 2086-5953 

 

 

 

 

 

 

 

 

 

 

Sec 5 

Agriculture 



122   The 2nd Annual Indonesian Scholars Conference in Taiwan 
 

 

ISSN 2086-5953 

 

[This page is intentionally left blank]



  

 

123 

ISSN 2086-5953 

 

AN INVESTIGATION ON THE REMOVAL EFFICIENCY FOR 

METAL IONS FROM POROUS SAND-PACKED COLUMNS BY 

A BIOSURFACTANT WITH THE FOAM-ENHANCED 

FLUSHING TECHNIQUE 

Bode Haryanto
1,2

, Jo-Shu Chang 
1
, and Chien-Hsiang Chang 

1
 

1 
Department of Chemical Engineering, National Cheng Kung University,                                                                                                                    

Tainan 701, Taiwan                                                                                                                                                                  
2 
Department of Chemical Engineering, University of Sumatera Utara,                                                                        

Medan 20155, Indonesia                                                                                                                                                  

Email: changch@mail.ncku.edu.tw 
1 

 

 

ABSTRACT 

This study investigated the potential 

application of a biosurfactant, surfactin, for metal 

ion removal in the contaminated soil remediation.   

Sand was contaminated by copper and cadmium 

ions with concentrations of 13.45 and 5.84 mg/kg, 

respectively, with the model of inner sphere 

adsorption. Dynamic foam capacity of surfactin 

was evaluated at a concentration of 5 times critical 

micelle concentration. The zeta potential of 

surfactin micelles was evaluated by a zeta sizer. An 

experimental column containing metal ion-

contaminated sand was then used to evaluate the 

removal efficiency for the metal ions by using the 

biosurfactant solution and foam-enhanced flushing 

approaches. When the sand-packed columns 

containing metal ions were flushed by surfactin 

solutions, the removal efficiency was not over than 

4% for copper ion and 14% for cadmium ion, 

respectively. When the sand-packed columns were 

flushed by surfactin solutions with foams, the 

removal efficiency was increased to 15% and 24% 

for copper and cadmium ions, respectively. The 

foam-enhanced flushing approach could apparently 

increase the removal efficiency for the metal ions. 

The less removal efficiency for the metal ions by 

surfactin might be related to the porous structures 

of the sand and the metal ion-sand interaction with 

the inner sphere sorption model. The copper ion is 

more water soluble and it is found that pure water 

has higher removal efficiency for the copper ions 

than the surfactin solution. However, the foam-

enhanced approach could be applied to decrease the 

channeling effect in the sand-packed column and 

thus to improve the removal efficiency for the 

metal ions.  

 

Keywords: biosurfactant, foam-enhanced solution 

flushing, soil remediation, solution flushing, 

surfactin  

1 INTRODUCTION 

Heavy metal ions are the most toxic 

inorganic pollutants which occur in soils and can be 

of natural or of anthropogenic origin [1]. A number 

of remediation technologies have been developed 

for removing heavy metal ions from contaminated 

soils. Surfactant solution flushing with foam-

enhanced technique has been developed to increase 

the efficiency in soil remediation because the 

ability to control the migration of surfactant 

solutions can be improved by foam. This technique 

is attractive due to the low usage of surfactants [1-

5]. 

Applications of biosurfactant in the 

environmental protection have received more 

attention due to their biodegradability, low toxicity, 

and effectiveness in enhancing biodegradation and 

solubility of hydrophobic compounds [6-8]. 

Surfactin is a biosurfactant, produced by various 

strains of Bacillus subtilis. It has been reported that 

surfactin molecules can form rod micelle structures 

with a critical micelle concentration (cmc) of about 

10 ppm in 0.1 M NaHCO3 (pH 8.7) [9-11].  

The purpose of this study to evaluate the 

potential of surfactin to remove metal ion 

contaminated sands. Appling the foam-enhanced 

surfactant solution flushing technique to remove the 

metal ions from contaminated sand packed column 

was performed. The metal ion contaminated sand 

was prepared with copper and cadmium ions. 

2 EXPERIMENTAL 

The biosurfactant surfactin was produced 

from Bacillus subtilis ATCC 21332 and was kept in 

a refrigerator with a temperature of –80
o
C [11]. The 

surfactin purity was analyzed by HPCL and was 

found to be 90%. Research-grade Cu2SO4
.
5H2O and 

CdCl2 purchased from Showa Chemical Co. Ltd., 

Japan was chosen as the model contaminants. Sand 

mailto:changch@mail.ncku.edu.tw
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was contaminated by copper (Cu) and cadmium 

(Cd) by mixed cleanse sand with metal ion 

solutions. 

Cleanse sand surface was analyzed by SEM. 

Zeta potential of surfactin molecules or micelles 

was measured by a Zetasizer (model 300 HS, 

Malvern U.K). Purified water with a resistivity of 

18.2 MΩ-cm used for experiments was obtained 

from a Milli-Q plus purification system (Millipore, 

USA) and was used in all experiments. 

A typical setup of a foam-enhanced 

surfactant solution flushing approach was following 

Huang and Chang [3]. A glass column of foam-

generator with a length of 5 cm and an outside 

diameter of 3.5 cm was used to control the foam 

generation in the presence of surfactin solution and 

nitrogen gas. The dynamic foam capacity of 

surfactin was considered when the volume of foams 

in the column foam generator was constant. A glass 

column with a length of 7.5 cm and an outside 

diameter of 1.5 cm was used in the column 

experiments to simulate the soil remediation 

situation. Sand with an average diameter of 320 μm 

was used as the porous medium.  

All experiments were performed at room 

temperature. Surfactin solutions were prepared in 

10
-3

 M phosphate buffer with a pH value of 8.0. 

Surfactin solution flow rate was fixed at 2 ml/min 

and 1.5 cc/min N2 flow rate was used. The surfactin 

solution with a concentration of 5x cmc was used to 

flush the contaminated sand-packed column. The 

flushing solution was collected every 4 pore 

volumes for analysis by AA.   

3 RESULTS AND DISCUSSION 

Negative charge characteristic of surfactin 

was indicated by a zeta potential of -85mV for a 

surfactin solution at a concentration of 5x cmc. 

Decreasing the surfactin concentration reduced the 

charges as demonstrated in Fig. 1. Because of the 

negative charges, surfactin should have the ability 

of associating with metal ions in contaminated 

soils.  

The foaming properties of surfactin 

solutions have been investigated before [12]. The 

foam has reached steady state after about 30 

minutes. The surfactin solution has the foam 

capacity about 5 cm
3
 as shown in Fig. 2. The foam 

capacity of a surfactant solution will affect the 

pressure when flushing the column, as a surfactant 

with the higher foam capacity is easier to penetrate 

into porous space of soil. However, surfactin has 

the lowest foam capacity as compared to that of 

rhamnolipid and SDS. 
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Figure 1. Zeta potential of surfactin molecules or aggregates at 

various concentrations. 

 

 
Figure 2. Foam dynamics capacity in a foam generator with a 

surfactin solution at a concentration of 5x cmc. 

 

 
Table 1. Sorption density of metal ions onto the sand. 

 

Metal ion 

source 

Initial 

Conc. 

(ppm) 

Treatment  Sorption 

density 

(mg/kg) 

Cu  20 Shaking 11 

50 Shaking 13 

50 Without 

shaking 

5.5 

Cd 50 Shaking 6 

 

Metal ions-sand sorption results are shown 

in Table 1. The sorption density was influenced by 

the metal initial concentration (Co) and shaking 

effect.  For the Cu ion with concentrations of 20 

and 50 ppm, with the shaking effect, the sorption 
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densities were about 11 and 13 mg/kg, respectively. 

With 50 ppm Cd ion, the sorption density was 

about 6 mg/kg. At Co= 50 ppm without shaking, 

the sorption density of copper ions on sand was 

about 5.5 mg/kg.  From the results, one can see that 

the shaking operation can increase the sorption 

density of metal ions.  

The sand surface morphology has been 

observed by SEM. The sand surface has some 

cracking at outer surface and porous structure was 

found for the sand. By shaking, the metal ions can 

go further into the porous areas of sands then the 

sorption density becomes higher.  

In this study, the ion sorption might follow 

the inner sphere adsorption model. The pressure of 

N2 gas was used to remove all solution from the 

sands then let the metal ions with positive charges 

interact with negatively charged surface of the 

sands.   
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Figure 3. Removal efficiency for copper ions after flushing 
contaminated sand-packed columns with surfactin foam-

solution, surfactin solution and water at a flow rate of 2ml min-1. 

 

Metal ion removal efficiency is presented in 

Fig. 3. The total removal efficiency of copper ions 

in the sand-packed column by a surfactin solution 

with foams was about 15% after 20 PV. By using 

surfactin solution and water, 3% and 8%, 

respectively were found for the removal efficiency. 

The total removal efficiency of Cd ions after 20 PV 

by a surfactin solution with foams was about 24%. 

By using surfactin solution and water, 13 and 12%, 

respectively were obtained for the removal 

efficiency. Possible reason for water with high 

removal efficiency is probably that water has strong 

attraction for copper ions. 

The removal efficiency was affected by the 

contaminant position on sand and the flushing 

technique was applied. With the model of inner 

sphere adsorption, most of contaminants may be 

located at the surface inside the sand and will be 

difficult to be removed. Surfactin solution flushing 

with foams was possible to increase the removal 

efficiency in compared with that of solution 

flushing without foam.  With a solution without 

foam the channeling effect might occur and it 

would decrease the removal efficiency. 

The zeta potential of surfatin molecules is 

very low, and it is possible for surfactin micelles to 

associate with the metal ions in the sand. The 

potential to exchange metal ions with surfactin 

micelles should be supported by the higher flushing 

contact within the sand. The possible pressure 

resulting from surfactin foam into the sand-packed 

column might be not enough to increase the contact 

until the surface inside the porous sand was 

covered.  

4  CONCLUSION  

Surfactin has the potential of removing 

metal ions from contaminated sands with its zeta 

potential characteristic and solution foaming 

property. One can improve the metal ion-sand 

sorption density by a shaking operation. The copper 

ion-sand sorption density was increased from 5.5 to 

13 mg/kg by shaking 150 rpm for 24 hours.  

Cadmium ion-sand sorption was about 6 mg/kg at 

the same condition. For the sand with porous 

structure, the adsorption occurred at the surface 

inside the sand and the inner sphere adsorption 

resulted in the difficult for the removal efficiency 

of the ions.   Removal efficiency of surfactin 

solution with foam-enhanced flushing technique 

was increased about 10% as compared to that of the 

flush operation by surfactin solution only. By the 

foam-enhanced surfactin solution flushing 

technique, the channeling effect inside the sand-

packed column became insignificant.  
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ABSTRACT 

 

Various factors such as awareness to reduce 

greenhouse gas emissions, rising fuel prices, the 

awareness of biosecurity to increase domestic 

revenue, and the potential to enhance regional 

development greatly increase an interest of biofuels 

production. Currently, bioethanol and biodiesel is 

being a famous alternative energy produced in the 

world today. Some reports indicate that the world's 

bioethanol production has been greater than 

biodiesel production because ethanol is more 

environmentally friendly. Today the use of 

lignocellulosic biomass for bioethanol production 

gets a special attention to encourage the 

development of renewable energy, as well as to 

reduce the production cost due to its cheap. 

However, the production of bioethanol is still 

inefficient since it needs three basic steps. It also 

resulted in the high production cost. Fortunatelly, 

nowadays, by utilizing bacteria Clostridium 

thermocellum, the process can be more efficient 

because this bacteria has ability to hydrolyze 

cellulose and ferment sugar into ethanol at the same 

time within the same reactor. Therefore, it can save 

the energy, the cost, the time, and the materials 

used. The result shows that bioethanol production 

from lignocellulosic biomass and utilizing 

Clostridium thermocellumcan produce ethanol up to 

95%-100% and it reduces emission up to 73%. 

 

Keywords: bioethanol, lignocellulosic biomass, 

pretreatment, Clostridium thermocellum 

 

1 INTRODUCTION  
 

Various factors such as awareness to reduce 

greenhouse gas emissions, rising fuel prices, the 

awareness of biosecurity to increase domestic 

revenue, and the potential to enhance regional 

development greatly increase an interest of biofuels 

production. Currently, bioethanol and biodiesel is 

being a famous alternative energy produced in the 

world today. Some reports indicate that the world's 

bioethanol production has been greater than 

biodiesel production because ethanol is more 

environmentally friendly. Figure 1 shows that the 

world bioethanol production increased sharply in 

the last decade with production of nearly 40 billion 

liters per year.  

 

 
 

Figure 1. World Bioethanol Production Year 1975-2005[1] 
 

The wealth of biological resources in the 

world make us possible to use biomass or 

lignocellulose into bioethanol, which until now has 

not developed optimally. Bioethanol production 

research has been carried out, generally use a raw 

material for molasses which is a byproduct of sugar 

factory. In addition, it also uses starchy material, 

such as cassava and maize as well as being 

potential foodstuff. If a bioethanol development is 

based on the utilization of foodstuff, then food 

security may be threatened. 

  Today the use of lignocellulosic biomass 

for bioethanol production gets a special attention to 

encourage the development of renewable energy, as 

well as to reduce the production cost due to it's 

cheap
[2]

. The use of biomass as an energy raw 

materials also play a role in reducing greenhouse 

gas emissions because the CO2 produced from the 

degradation of natural biomass will be available as 

carbon in the energy, thus eliminating greenhouse 
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gas emissions
[3]

. 

Lignocellulosic biomass is an organics 

component which is composed of polysaccharides 

(cellulose and hemicellulose) and lignin, a complex 

polymer of phenylpropane and methoxy groups 

joined that keep cells. Lignocellulosic materials can 

be obtained from wood, straw, grasses, agricultural 

waste / forest, industrial waste (wood, paper) and 

other fibrous materials. The cellulosic fraction 

(40%-60% of dry matter) is a linear polymer of 

glucose-glucose dimers (cellobiose), rigid, and 

difficult to break. Its hydrolysis produces glucose, a 

six-carbon sugar. The hemicellulosic fraction 

(20%-40%), in general, is composed of a main 

chain of xylose (with β-1, 4 bonds), with various 

branches of mannose, arabinose, galactose, 

glucuronic acid, etc. On the other hand, 

hemicellulose is easier than to hydrolyze cellulose, 

but the fermentation of the five-carbon (pentose) 

sugars is not as developed as the processes for 

glucose. The biochemical structure of the lignin 

fraction (10%-25%) is not related to simple sugar 

molecules. Thus is not suited for bioethanol 

production using fermentation. 

Technologies for producing bioethanol from 

lignocellulosic materials involve the hydrolysis of 

biomass polysaccharides into fermentable sugars, 

and their subsequent fermentation to produce 

bioethanol. Hydrolysis uses complex and 

multiphase technologies based on acid or enzymatic 

routes, or both, in order to separate the sugars and 

remove the lignin. A simplified version of the 

generic sequence of this process is illustrated in 

Figure 2. 

 

 
 

Figure 2. Schematic of Bioethanol Production Process by 

Hydrolysis of Lignocellulosic Biomass[4] 

 

The expalanation below describe some 

backgrounds why this paper made.  

a. Actually, there are commonly only three 

process steps to produce ethanol form cellulose. 

The first process is a pretreatment. There will be 

degradation og lignin and the process's named 

delignification. We also can use a method by 

heating strong acid such as H2SO4 (> 10 M). In 

acid conditions, lignincellulose can be 

hydrolized into glucose, which is then 

separated. This process is less efficient and 

needs high cost. Furthermore, the acid residues 

cannot be easily handheld. 

b. The second process is called hydrolysis 

(sacarification). It hydrolyzes hemicellulose and 

cellulose into monomers of sugar or glucose. It 

cans be done by using cellulase enzyme. This 

enzyme hidrolyzes cellulose into glucose :  

(CH2O) n + H2O → m C6H12O6 

The main problem of this method is its high 

production cost due to the high price of 

cellulase enzyme.  

c. Then, the last step is fermentation. The sugar 

will be converted into ethanol. Based on 

research, some species of molds such as Mucor 

indicus and bacterias such as Clostridium 

thermocellum can produce lignocellulase 

enzyme has ability to do fermentation of 

glucose into ethanol. Besides that, bacterias 

have ability to multiply themselves, so that, we 

just need to buy the inocculum at the initial 

stage of the process. The biggest problem in 

bioethanol production with bacterias use is the 

maximum amount of ethanol, which can be 

tollerated by microorganisms. This is due to 

characteristics of ethanol colud be toxic for 

microorganisms. Commonly, the maximum 

amount of tolerable ethanol for microorganisms 

is about 15%. Additionally, not all 

microorganisms such as bacteria could live in a 

high temperature area.  

Therefore, a solutive innovation is needed in 

the process of producing ethanol from 

lignocellulosic substrate to be more efficient (cost 

effective, time, and place) and more effective 

(process easier and shorter). The solution offered is 

to adopt a pretreatment process  by Hot 

Compressed Water Method or lignified, by mixing 

lignocellulose in water at subcritical conditions 

(pressure 20 bar and temperature of 200
0
C).  

The process of hydrolysis and fermentation 

can be performed simultaneously (one step) 

through enzymatic breakdown of thermophilic 

bacterium Clostridium thermocellum in the reactor 

which was heated at 60-64° C 
[6]

 and optimum pH 

is between 6.1 and 7.5 
[7]

 These bacteria are able to 

synthesize cellulolytic enzyme complexes, 

cellulosomes, when grown on media containing 

cellulose. Besides cellulose, microorganisms can 

also degrade hemicellulose, cellobiose, and xylose 

oligomers. Thus, hydrolysis of cellulose and 

hemicellulose to glucose and followed by 

fermentation of glucose to ethanol can be done at 

once by using the bacterium Clostridium 

thermocellum as hidrolisator and fermentator. 
[8] 
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2 MODEL, ANALYSIS, DESIGN, 

AND IMPLEMENTATION  

The difference in process steps between 

starch and lignocellulosic feedstocks is that 

lignocellulosic biomass hydrolysis requires a more 

complicated stage. However, innovative methods of 

manufacture of bioethanol from lignocellulosic 

substrate can be easily done by applying the 

method of pretreatment Hot Compressed Water and 

fermentation methods cellulolytic bacterium 

Clostridium thermocellum can be seen in Figure 1. 

With this method is expected to optimization of 

production (efficiency and effectiveness) can be 

improved.  

 

 
 

Figure 1. Prodution process of bioethanol from ligoellulosic 
biomass using pretreatment Hot Compressed Water and 

fermentation from Clostridium thermocellum 

2.1 Pretreatment with Hot 

Compressed Water Method 
 

Lignin degradation procedure (lignification) 

with Hot Compressed Water is started by mixing ± 

0.9 grams lignocellulosic material which has been 

adjusted in size to weight ratio of material / weight 

of water = 0.05 and then fed into a reactor. Then the 

water / buffer is added as defined variables. Then 

the the hydrolysis reactor cover should be closed 

and reinforcing it with a cap booster. Nv gas flowed 

into the reactor until the pressure gauge indicates 

the desired pressure, which is 10 bars. Heater is 

heated and the temperature is set for temperature 

control in accordance with the desired temperature 

and pressure of 2000 C-20 bars. Subsequently, the 

stirrer is turned on by connecting it to a power 

source. After the temperature (200
0
C) is reached 

and the pressure in the reactor is stable, we then 

calculated as t=0, so the hydrolysis reaction is run 

in accordance with a variable time. 

 

After the reaction is complete, the reactor is 

cooled by entering into the water at ambient 

conditions for several minutes, then pressure is 

lowered (to 1 atm) by removing the N2 gas in the 

reactor by opening valve gas expenditure. After the 

pressure in the reactor reached 1 atm, the reactor 

was opened, and the material removed from the 

reactor which then filtered to separate the 

hydrolyzate and residues. Hydrolyzate in the form 

of glucose pretreatment process expected outcome 

is minimized, it is expected that the smaller the 

likelihood, so as to minimize the occurrence of 

degradation of monosaccharides into phenol 

derivative compounds, HMF, and furfural. 

Lignified optimum time is 10 minutes after the 

temperature reached 200
0
C stable. The residue in 

the form of cellulose, hemicellulose, lignin and 

some will get further treatment. 

2.2 Hydrolysis-Fermentation of 

Cellulolytic Method for the 

Conversion of Cellulose  and 

Hemicellulose into Bioethanol  

After the initial treatment, there are two 

types of processes to hydrolyze celluloce into 

ethanol. The process is commonly used by 

chemical hydrolysis (hydrolysis is weak and strong) 

and the enzymatic hydrolysis. Chemical method 

was done by cellulose hydrolysis using organic 

acids, such as H2SO4, HCl, and HNO3 that in fact 

the prices are still expensive. The result of cutting 

by acid is a mixture of dextrin, maltose and 

glucose
[9]

. The method uses acid hydrolysis has 

some disadvantages. It produces residues that are 

toxic and pollute the environment (such as COD in 

water), requires high temperatures, ie 120-160
0
C, 

and relatively produces small amounts of 

glucose
[10]

. Therefore, the hydrolysis process using 

acid is rarely used. Here is the reaction:  

 

(CH2O)n + H2O → mC6H12O6 

 

Cellulose hydrolysis method which is more 

often used is enzymatical hydrolysis with  

using enzymes. Enzymes used were cellulase 

enzymes that can be obtained from the synthesis of 

microorganisms such as bacteria. Clostridium 

thermocellum synthesizes cellulolytic enzyme 

complexes, cellulosomes, when grown on medium 

containing cellulose. It degrades several forms of 

cellulose at different rates. This microorganism can 

also degrade hemicellulose, cellobiose, and xylose 

oligomers. Furthuremore, Table 1 describes the 

comparison of some hydrolysis process where we 

can see that enzimatic one has more advantages. 
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Table 1. Comparison of Cellulose Hydrolysis Process 
 

Process Input Temperature Time Saccharification 

Diluted Acid < 1% H2SO4 21,50 C 3 min 50%-70% 

Concentrated 

Acid 

30%-70% 

H2SO4 
400 C 2-6 h 90% 

Enzymatic Cellulase 700 C 
1,5 

day 
75%-95% 

 

Additionally, sugars, such as: glucose, 

fructose, and xylose, are degraded after adaptation 

of the culture
 [11]

. The enzymes degrade the 

monomeric sugars that are induced only after a long 

adaptation time. The Microorganism grows in 

complete anaerobiosis and in the thermophilic 

temperature range. The optimum temperature for 

growth is 60-64°C 
[12] 

and the optimum pH ranges 

is between 6.1 and 7.5
 [13]

, so Clostridium 

thermocellum could be easily reproduced by 

keeping those conditions.  

The main products of cellulolytic 

fermentation by using C. thermocellum is glucose, 

cellobiose, lactic acid, acetic acid, formic acid, 

ethanol, CO2, and H2, and described in Figure 4 

(Judoamidjojo et al. 1992).  Therefore, hydrolysis 

of cellulose and hemicellulose into glucose and 

followed by fermentation of glucose to ethanol can 

be done at one stage by using the bacterium 

Clostridium thermocellum as hidrolisator and 

fermenter. 

 

Figure 4. Cellulose Degradation (delignification)  

by C. thermocellum[14] 

 

Examples of reactor model is made from a 

cylinder with a diameter can be seen in Figure 5. 

On a scale reactor experiments can be made from a 

cylinder with a diameter of 15 cm and 20 cm high. 

An extract entrance channel made from metal pipe 

with a diameter of 2.5 cm and length 40 cm. 

Propellers are made of iron plate with a width of 10 

cm and height 5 cm, while the player propeller 

made of iron wire with a diameter of 1 cm and 20 

cm long. Connecting pipe is made from plastic pipe 

(paralon) with a diameter of 2.5 cm and length 50 

cm except condenser pipes made of iron pipe with a 

diameter of 2.5 cm and length 40 cm. Furnace 

heating is made from wood-fired clay, charcoal and 

/ or fermentation residue.  

Cellulose extracts is inserted into the reactor 

and the system starts to work with the conditions: 

stirring speed = 60 rpm, a suction pump power is in 

medium stength, the temperature is maintained 65-

70
0
 C. Data derived ethanol is taken every 6 hours, 

9 hours, 12 hours, 15 hours, 18 hours, 21 hours and 

24 hours. Ethanol produced was analyzed by GC 

(gas chromatography) to determine levels of 

ethanol produced.  

 

 
 

Figure 5. Pretreatment Reactor Design[15] 

The workings of the reactor are as follows: 

extract the straw is inserted through the appropriate 

channels. Straw later in the fermentation to ethanol 

and CO2 at temperatures 65-70
0
C. Ethanol will 

evaporate. For maximum evaporation of ethanol in 

the reactor, the gas is pumped. Ethanol vapor is 

cooled by condenser system and liquid ethanol 

produced. Water in ethanol, react with CaO, then 

ethanol liquid is filtered and collected. 

Cellulose extracts is inserted into the reactor 

and the system starts to work with the conditions: 

stirring speed = 60 rpm, a suction pump power is in 

medium stength, the temperature is maintained 65-

70
0
 C. Data derived ethanol is taken every 6 hours, 

9 hours, 12 hours, 15 hours, 18 hours, 21 hours and 

24 hours. Ethanol produced was analyzed by GC 

(gas chromatography) to determine levels of 

ethanol produced.  

The workings of the reactor are as follows: 

extract the straw is inserted through the appropriate 

channels. Straw later in the fermentation to ethanol 

and CO2 at temperatures 65-70
0
C. Ethanol will 

evaporate. For maximum evaporation of ethanol in 

the reactor, the gas is pumped. Ethanol vapor is 

cooled by condenser system and liquid ethanol 

produced. Water in ethanol, react with CaO, then 

ethanol liquid is filtered and collected. 
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Table 2. Ethanol Productivity from Different Substrates 

Material 

Cellulo-

ce / 

Hexosan

(H) 

Hemicellu

-loce / 

Pentosans 

(P) 

Lig

nin 

Ethanol / 

kg dried 

mass 

Reference 

Bagas 

Molases 
33 30 29 0,279 

Kuhad and 

Singh, 1993 

Wheat 

straw 
30 24 18 0,239 

Kuhad and 

Singh, 1993 

Buckwheat 

straw 
33 18 15 0,240 

Kuhad and 

Singh, 1993 

Paddy 

straw 
32 24 13 0,248 

Kuhad and 

Singh, 1993 

Oat straw 41 16 11 0,252 
Kuhad and 

Singh, 1993 

Corncob 42 39 14 0,358 
Kuhad and 

Singh, 1993 

Cornstalk 35 15 19 0,221 
Kuhad and 

Singh, 1993 

Barley 

straw 
40 20 15 0,265 

Kuhad and 

Singh, 1993 

Peanut shell 

ground 
38 36 16 0,25 

Kuhad and 

Singh, 1993 

Alfalfa 

stems 
48,5 6,5 

16,

6 
0,252 

Shleser, 

1994 

Rice husk 36 15 19 0,265 
Kuhad and 

Singh, 1993 

Eucalyptus 

grandis 
38 13 37 0,31 

Shleser, 

1994 

Eucalyptus 

saligna 
45 12 25 0,322 

Shleser, 

1994 

Pine 44 26 29 0,305 

Olsson and 

Hagerdal, 

1996 

Poplar 47,6 27,4 
19,

2 
0,265 

Olsson and 

Hagerdal, 

1996 

Sawdust 55 14 21 0,354 

Olsson and 

Hagerdal, 

1996 

Willow 37 23 21  

Olsson and 

Hagerdal, 

1996 

Aspen 51 29 16 0,305 

Olsson and 

Hagerdal, 

1996 

Spruce 43 26 29 0,288 

Olsson and 

Hagerdal, 

1996 

Birch 40 23 21 0,291 

Olsson and 

Hagerdal, 

1996 

Lantana 

camara 
42,5 22,7 

22,

88 
0,3 

Chandel 

(Unpublish

ed work) 

Prosopis 

juliflora 
45,5 20,38 

24,

65 
0,296 

Chandel 

(Unpublish

ed work) 

Saccharum 

spontaneum 
45,1 22,7 

24,

65 
0,267 

Gupta, 

2006 

Eicchornia 

crassipis 
18,2 48,7 3,5 0,341 

Nigam, 

2002 

Paja Brava 32,2 28,1 24 0,318 
Sanchez et 

al., 2004 

Newsprint 61 16 21 0,248 

Olsson and 

Hagerdal, 

1996 

Waste 

paper 
47 25 12 0,291 

Olsson and 

Hagerdal, 

1996 

Household 

Waste 

paper 

43 13 6 0,3 

Olsson and 

Hagerdal, 

1996 

 

 

3 RESULT 

Bioethanol production has different result if 

it has been done by using different substrates and 

different methods. By using enzymatic method, 

different substrates will provide different result of 

bioethanol production. The result could be seen on 

the Table 2. Saw dust has the highest productivity 

of bioethanol production and comstalk has the 

lowest productivity. 

Then, the different substrates will provide 

different percentage of reduced emissions. 

Bioethanol from lignocellulosic also has many 

advantages because it produces high energy rasio 

(8.3 to 8.4) and is able to reduce contaminant 

emissions by 66% -73%. Figure 3 shows the energy 

ratio of bioethanol from lignocellulosic substrate 

and non-lignocellulose to produce energy and its 

ability to reduce emissions. 

 
Table 3. The Percentage of Avoided Emissions from 

Several Different Feedstocks 
 

Feedstock Energy Ratio Avoided Emission 

Sugarcane 9.3 89% 

Corn 0.6 – 2.0 -30% - 38 % 

Wheat 0.97-1.11 19% - 47% 

Beet 1.2 – 1.8 35% - 56% 

Cassava 1.6 – 1.7 63% 

Lignocellulosic 
Residues* 

8.3 – 8.4 66% - 73% 

 

4 CONCLUSION AND DISCUSSION 
 

There are some differences between 

bioethanol from lignocellulosic biomass production 

by using residue as substrate Clostridium 

thermocellum and conventional methods. By using 

Clostridium thermocellum, the hydrolysis and 

fermentation processes can be done at the same 

time. Therefore, it has significant impact in 

increasing efficiency of the processes: 

 it saves energy even better 

 it lower the production cost 

 it saves the time 

 it saves the materials needed for the processes 

since we do not need to add enzymes for more 

than once 

Beside that, the lignocelluloses itself ensures 

the high productivity of bioethanol product since it 

cellulose has very high potent to be converted into 

bioethanol by Clostridium thermocellum. The 

lignin and hemicelluloses can be significantly 

removed from the substrates by using pre-treatment 

method of Hot Compressed Water Method. The 

total amount of ethanol produced by using this 
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method is up to 95%-100%. 

Bioethanol from lignocellulosic has many 

advantages when compared with other ethanol 

products. The first is because Indonesia has a high 

abundance of lignocellulose. Second, the 

lignocellulosic bioethanol produces high energy 

rasio (8.3 to 8.4) and is able to reduce contaminant 

emissions by 66% -73%. The facts has been shown 

on the Table 3 in  result chapter. 

Different substrates will also provide 

different percentage of reduced emissions. From the 

table above, we could see that bioethanol from 

sugarcane residue or molasses can reduce emissions 

up to 89%. It is the highest number of reduced 

emissions. Bioethanol from corn,  wheat, beet, and 

cassava residue can reduce emissions up to 38%, 

47%, 56%, and 63% respectively. Bioethanol from 

lignocellulosic biomass in average can reduce 

emissions from 66% up to 73%. This number of 

reduction is very significant. Therefore, we could 

say that bioethanol from lignocellulosic materials is 

very potential to be developed, and the most 

important is, it is totally environmental friendly. 

Through both these innovations, we can 

make cost savings for the purchase of enough 

bacteria was done once (on the first production) and 

for the next production to use a bacterial inoculum 

cultivated his own. In delignification so, we do not 

need to pay for purchases that cost solution kimias 

acid acid. Delignification by HCWs can effectively 

degrade lignin. Another advantage is the production 

of bioethanol from lignocellulosic phase becomes 

shorter due to hydrolysis and fermentation carried 

out at once. 

Now, we can conclude that bioethanol from 

lignocellulosic production by using residue as 

substrate Clostridium thermocellum has high 

efficiency in saving energy, cost, time, and 

materials used. The total amount of ethanol 

produced by using this method is up to 95%-100%. 

Beside it, lignocellulosic substrate has significant 

potent to reduce emissions up to 73%. With this 

result, it is believed that bioethanol from 

lignocellulosic biomass substrate that has been 

developed by utilizing this method could be a 

potential solution for the environmental-emission 

related problems. 

Authors recommend to the next researchers 

in order to do quantitative and qualitative research 

on optimal production results when applying the 

modified method. It also required a further test of 

the maximum limit of ethanol that can be tolerated 

and how to modify the breeding of bacteria. 

Furthermore, the government should publish the 

results of studies of this scientific work. 
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ABSTRACT 

Human population growth is increasing 

every year. It needs a healthy source of food for 

nutrition one with fish and other aquatic organisms. 

One source of water that has high protein is 

Chlorella sp. It can be used as a natural source of 

food for larval fish and do not produces toxins. The 

reason for the importance of culture Chlorella sp. is 

a high protein content of microalgae, especially 

chlorella. Chlorella has a fairly high growth rate. 

From the observations, the density culture of 

Chlorella sp. during culture has fluctuated up and 

down in nearly all replications. The level of 

penetration of chlorella sp. high happened on day 8 

must be in plankton growth through several phases, 

adaptation, logarithmic phase, stationary phase and 

phase of death. Harvesting can be done when the 

plankton reached logarithmic phase. 

 

Keywords: Culture, Chlorella sp., growth phases  

 

1 INTRODUCTION 

In the last two centuries, the world's 

population growth rate is 6% per annum to reach 

2.5 billion in 1950. Five decades of the world's 

population growth rate is twice as much as 18% to 

6 thousand million in the 21st century. In 

September 2008, the world's population has been 

6720 million people. The world's population with 

experience in the number of 1.2 per cent
14 

 It requires a healthy food and feeding high 

protein and other necessities of life are quite good 

quality. one food product that requires a few fish 

and other aquatic organisms, which were very 

useful for the organism. a great opportunity for the 

fishing industry to meet food needs is through the 

development of aquaculture. One of the biological 

capacity of water, which still developed a culture of 

microalgae Chlorella sp. Chlorella sp has many 

benefits for human beings as raw material for 

pharmaceuticals, cosmetics, beverages as a source 

of protein for humans, as a food source for fish 

larvae and purification of wastewater. Election 

chlorella sp. As an object of study is based on the 

consideration that chlorella sp. Relatively easy in a 

culture in a short time. 

 This potential in Indonesia is not working 

optimally. because of the fishery resources remain 

identical to the water in the form of fish, shrimp, 

shellfish and seaweed biota. Aquaculture the latter 

is limited to commodities. with the effort to develop 

the culture of Chlorella to address the challenges in 

the development of aquaculture, taking into account 

that these agencies have a very high value to 

humans. 

2 MATERIALS AND METHODS 

2.1 Time and Place Research 

Preparation of phytoplankton in laboratory 

cultures Biomikro I Aquatic Resources 

Management Department, Faculty of Fisheries and 

Marine Sciences, Bogor Agricultural University on 

Tuesday, November 9, 2010 at 3:00 p.m. to 18:00 

pm. Observations of plankton abundance and 

growth is conducted every day for 13 days. 

2.2 Materials 

The tools used in the manufacture of culture 

and observation of the growth of plankton are 

pipette drops, glass erlenmeyer, Bunsen, culture 

bottles, cotton, tissue, paper labels, measuring cups, 

neon lights, petri dish, aerator, microscope, 

hemasitometer, glass cover. Materials used in the 

culture of plankton is profasoli solution, distilled 

water as much 10 ml, inoculants (Chlorella sp.) 290 

ml, 70% alcohol and aquades. 

2.3 Culture Techniques 

Chlorella sp. is one of the species of 

microalgae, which were grown in aquaculture and 

micro-algae that grows easily in organic synthetic
9
 

environment, but its success largely depends on 

how far the manipulate environmental conditions in 

new conditions
1
. Culture in which an aeration 

container that is used to suspend and to maintain 

consistency
4
. 
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Organic element estimated need for green 

algae are N, P, K, mg, Cu, MN, Zn
6
. Chlorella 

growth pyrenodoidosa different concentrations of 

macronutrients (NO3
-
, P, S, K, mg and CL) and 

micronutrients (Fe, Cu, Zn, MN, B and Mo) (Eyster 

et al. 1958). 

In the implementation of phytoplankton 

cultures all equipment must be in aseptic conditions 

(sterile conditions). Been used for the 

implementation of the culture must also be in a 

sterile environment by cleaning or sprayed with 

70% alcohol. Furthermore, the equipment will be 

used to make culture. Bottles for use as places of 

culture first sterilised by aerial spraying 70% 

ethanol to bottle. The bottle must be closed to 

prevent contamination with foreign materials that 

would impede the growth of plankton. Profasoli 

plankton serve as breeding grounds. 

 Profasoli poured into the bottle and mixed 

until profasoli achieving 290 ml. After the solution 

was poured into culture bottles and immediately 

closed again. After that inoculant (Chlorella sp.) 

were mixed in using a measuring cup as much as 10 

ml. Having poured and mixed into the culture 

bottles. After finishing the bottle was placed in the 

room to get enough light and aerator plug to the 

process of photosynthesis can take place and the 

growth of plankton will be stable. In this case the 

fluorescent lamp used as a substitute for sunlight. 

Observations of plankton‘s growth is done every 

day for 13 days. In the implementation of 

phytoplankton cultures should be done in sterile 

conditions, equipment cleaned with water and 

alcohol 70%, and the labor must be brought close to 

the Bunsen for not contaminated with foreign 

bodies. 

 Cultures are grown at room temperature 

ranges between 28-31C
5
, pH ranging from 7.3 to 

7.8
13

 the solubility of oxygen between 1.33 to 3.49 

ppm and violence between 33.03 to 75.08 ppm. 

Conditions included in the category of medium 

fertility, so good for the growth of organisms. 

2.4 Observation Techniques 

For the observation of growth of cultivation 

of phytoplankton samples were taken before taste. 

In the sample pipette sterilized by spraying 70% 

alcohol and rinsed with distilled water. After the 

sample has been taken with a sterile pipette to taste. 

Samples were taken and then placed in a petri dish. 

In observation pipettes used should be with the 

same pipette. Observations were carried out under a 

light microscope. The sample will be observed 

dripped on hemasitometer and covered with 

coverglass. After the observed abundance of 

Chlorella based on sampling. The observation point 

should be the same at each observation time to 

obtain accurate results. 

In the simple observation point can be 

illustrated by the sampling method on 

hemasitometer. Hemasitometer has 25 large boxes, 

each box has 16 sections of the small box. 

 

large box   small box 

 

 

 

 

 

Observations with the method of sampling is 

done by taking 5 points in a big box. And in every 

big box was observed four small boxes. Only the 

plankton that is in the box the numbers recorded 

observations. Observations were carried out in two 

replications. After determining the abundance of 

plankton that can be determined by the formula: 

 

 
Information : 

N  = abundance of chlorella (cells/ml) 

N =  the total number of chlorella at all points 

of observation 

∑Lb    = number of big box (25 boxes) 

∑Lbo  = the observed number of big box 

∑Ls  = Number of small box (16 boxes) 

∑Lso   = the observed number of small box 

 

The results of each repetition and then 

averaged to obtain an abundance of Chlorella at 

that time. 

3 RESULT 

The graph in Figure 1 is a graph of the 

average abundance of Chlorella sp. on each 

observation with 8 replicates each day. From the 

graph shows the decline in abundance of plankton 

in the second day and then gradually increased 

gradually in the next day. In the life cycle of 

plankton through several stages in its growth. 

 

1    2 

     

  5   

     

3    4 

1   2 

 5   
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Figure 5. Abundance curve of chlorella sp. 

Based on the above chart is generally known 

that the density culture of Chlorella sp. during 

culture has fluctuated up and down in nearly all 

replications. The level of penetration of Chlorella 

SP. High happened on day 8. Lack of growth of 

available nutrients can be a cause of decline in 

abundance of Chlorella sp. 

4 CONCLUSION AND DISCUSSION 

Chlorella sp. has a fairly high growth rate, 

within 24 hours of each cell capable of developing 

into 10,000 cells. this case illustrates Chlorella sp
11

. 

higher productivity compared with conventional 

protein producers (plants and higher animals). 

At the beginning of its growth life of 

chlorella sp. it can be measured with how to 

observe and to count the number of cells develop 

from time to time 
3
. To find success in the breeding 

of the desired type of plankton need to know the 

level of density
7
. 

Chlorella sp. density most occurred on the 

8th. The average density of cells in 1 day decreased 

compared to the number of cells inoculante 

assumes as a phase of adaptation. according to the 

phase of adaptation usually occurs when the 

inoculants are inoculated in new media the same 

way. cells were vaccinated initially to chemical and 

physical changes to adjust metabolic activity to 

grow in the new media
10 

Nutrition microalgae culture still needs to be 

met through the addition nutrien to support the 

growth of microalgae. In the study of nutrition 

available to propasoli. In propasoli solution there is 

an element needed by microalgae. Elements N, P 

and S are very important for protein synthesis. K 

elements function in the metabolism of 

carbohydrates. Cl Unsul used for activities of 

chloroplasts, the elements Fe and Na plays a role in 

the formation of chlorophyll, while Si and Ca is 

needed in large quantities for the formation of 

shells of some species of phytoplankton
11

.
 

Pure culture laboratory scale can be 

performed during 13-19 days. from the results of 

observations made plankton amount fluctuate so it 

is difficult to know who in the travel time by 

plankton in achieving its growth phase. Plankton at 

that time experiencing a critical phase is called the 

phase of adaptation, only a strong plankton that can 

adapt to new environments. From observation of 

recent data known to the plankton on the increase, 

this indicates that the plankton are still in 

logarithmic phase. must be in plankton growth 

through several phases, adaptation, logarithmic 

phase, stationary phase and phase of death. 

 

 

Figure 6. Sigmoid growth curve. 

The picture in Figure 2 illustrates the growth 

cycle of plankton. The following statement:  

 

Growth phase characteristic 

Adaptation 

phase 

There is no population growth 

because the cells changes in 

chemical composition and size and 

increase in intracellular substance 

so it's ready to share. 

logarithmic 

phase 

ells divide itself at a constant level, 

the mass doubling, the state of 

balanced growth. 

Stationary 

phase 

Occurrence of toxins from cellular 

metabolism and nutrient content 

began to run out, so the 

competition of nutrients so that 

some cells die and others continue 

to grow. The number of cells 

becomes constant. 

Death phase Cells become dead due to 

accumulation of toxins and 

nutrients over, causing the number 

of dead cells more so that the 

number of cells decreased 

exponentially. 

 

 Harvesting can be done when the plankton 

reached logarithmic phase due to plankton growth 
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phase is very high so it can be culture again, but if 

you just want to harvest only once a phase of eating 

right is when the plankton are in stationary phase 

because the growth of plankton have been maximal. 

 Environmental factors also determine the 

growth of Chlorella sp. is oxygen, temperature, pH, 

salinity, and aeration. All components of the 

environment must be in optimum condition for 

growth of cells and materials for the products at a 

maximum rate of metabolite. 

 Chlorella sp. is a potential at this time, 

because these organisms can be used as a natural 

source of food for larval fish and do not produces 

toxins. The reason for the importance of culture 

chlorella is a high protein content of microalgae, 

especially Chlorella sp.
2
 Chlorella contains 

nutrients which are very adequate in protein, amino 

acids, unsaturated fatty acids, vitamins, minerals, 

B-carotene and CGF (Chlorella growth factor). In 

addition, Chlorella also contains chlorophyll a, b, c 

and d
12

. 
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ABSTRACT 

The purpose of this study are to identify food 

crops that have competitive and comparative 

advantages in each district in Wonosobo regency, 

identifying superior food crops and the potential to 

be developed in each district in Wonosobo regency, 

Constructing the hierarchy of social service centers 

and economic Wonosobo regency, the agricultural 

sector development planning of food crops sub-

sector in Wonosobo regency. 

Analysis of the first stage is the Location 

Quotient / LQ, shift share analysis, centrality index 

will determine the direction of development of each 

food crops namely the determination of center area 

of production and processing industry. Further 

analysis of the typology set forth in the description 

of spatial maps using geographic information 

system / GIS.  

The first phase implemented in 2010 with 

the results achieved from this research are: 1). 

Identifying food crops that have competitive and 

comparative advantages in each district in 

Wonosobo regency. 2). Identify the leading food 

crops with the potential to be developed in each 

district in Wonosobo regency. 3). Develop 

hierarchy of centers of social and economic services 

in Wonosobo regency. 4). To plan the development 

of the agricultural sector of food crops sub-sector in 

Wonosobo regency map-based geographic 

information systems, especially in the area 

agropolitan ROJONOTO (Kaliwiro, Sukoharjo, 

Leksono, Selomerto) and other districts. 

 

Keywords: LQ, Shift Share, Centrality Index, 

Agropolitan 

 

1 INTRODUCTION  

Wonosobo regency is the most backward 

regions / lagging in Central Java Province. This is 

indicated by the value of GDP based on constant 

2000 prices in 2006 each district in the Province of 

Central Java at Rp. 1.621.132.330.000 (Central Java 

in Figures, 2007). 

In relation to efforts to increase revenue and 

economic growth in Wonosobo regency, 

determined to give priority and strengthen the 

development in the agricultural sector as the 

economic base. Agricultural sector contribution to 

GDP Wonosobo regency occupied the top position 

compared to other sectors, this is supported by most 

of society tries in the agricultural sector. The 

contribution of agriculture sector in 2005 amounted 

to 49.04 percent, in 2006 amounted to 49.09 percent 

and in 2007 was 48.96 percent with growth in the 

agricultural sector in 2005 amounted to 3.41 percent 

compared to 2004, in 2006 grew by 3.34 percent 

and in 2007 was 3.31 percent (Wonosobo in 

Figures, 2008). 

The agricultural sector is still dominant on 

GDP growth but showed a decreasing trend from 

year to year. The description explains the level of 

decline in the contribution of agriculture sector in 

2007, these conditions can occur may be due to 

policy development focused on the agricultural 

sector which has not been fully implemented and 

implemented well described and not based on an 

analysis or a more in-depth assessment of the sector 

agriculture. The problem of this research are : 

1.  Whether food crops that have comparative and 

competitive advantages in each district in 

Wonosobo regency? 

2.  Food crops seeded if that has the potential to 

be developed in each district in Wonosobo 

regency? 

3.  How was the hierarchy of the centers of social 

and economic services in Wonosobo regency? 

4.  How was agricultural development planning 

of food crops sub-sector in Wonosobo 

regency? 

2 MODEL, ANALYSIS, DESIGN, 

AND IMPLEMENTATION  

The study was a non-experimental 

quantitative research, because most of the data used 

were available in the field. The data will be 

analyzed in narrative form to indicate the 

phenomenon that occurs on the object of research. 
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This study used policy approach (policy research) is 

research that starts from a problem and this problem 

is generally held by administrators, managers or 

decision makers in an organization (Ma'rif, 

2002:51). Research policy is a process of research 

done on social problems that fundamental, so that 

its findings can be recommended to policy makers 

to act in a practical way in solving the cases. This is 

by Ma'rif (2002:48) described as applied research 

(applied research) because research is used to apply 

the theory in society, because it is applied research 

that directly research findings can be utilized. 

Analysis of food crops that have comparative 

advantages with LQ (Tarigan, 2005): 

 

(total production of commodity i 

subdistrict/district) / (amount of total production 

of commodity sub-district) 

______________________________________ 

(total production of commodity i district / 

province) / (amount of total production of 

commodities district / province)         (1) 

 

Analysis of food crops that have a 

competitive advantage with shift-share analyst 

Daniel B. Creamer (1943) and Ashby (1964) : 

Dij = Nij + Mij + Cij         (2) 

Which growth as the change (D) a variable in the 

district such as employment, value added, income 

or output, for a certain period of time into the 

effects: the growth of the district (N), the industry 

mix (M) and competitive advantage (C). 

3 RESULT 

Based on the results of shift share analysis 

and LQ above, it appears that leading commodities 

in Wonosobo regency form a cluster. Commodities 

cereals found in almost all districts. Fruit crops are 

at the center of Wonosobo regency, west and north. 

Vegetables found in the region of the central, east 

and south. 

In another case, I analyze Hierarchy of 

Social and Economics Services Centre in 

Wonosobo regency. Based on the analysis centrality 

index, can be seen districts that have a high index 

function is Wonosobo Subdistrict, Wadaslintang, 

Kertek, and Sukoharjo that are 27.82, 13.84, 8.03 

and 7.72. While the Subdistrict that has a low index 

functions namely Kaliwiro, Leksono, Garung, 

Kejajar and Kalibawang that are 4.33, 4.99, 4.10, 

4.51, and 4.87. 

 

 

 

 

Table 1. Result Analysis of LQ 

No. Subdistrict rice Corn Cassava Garlic Onions Potatoes Cabbage Mustard 

1 Wadaslintang + + + 0 0 0 0 0 

2 Kepil + + + + - - - - 

3 Sapuran + + + + + - + - 

4 Kaliwiro + - + 0 0 0 0 0 

5 Leksono + - + 0 0 0 0 0 

6 Sukoharjo - + + 0 0 0 0 0 

7 Selomerto + - + 0 - 0 - 0 

8 Kalikajar - + - + + - + + 

9 Kertek + + - + + - - + 

10 Wonosobo + + + 0 0 0 - - 

11 Watumalang + + + - + 0 - - 

12 Mojotengah + + + - - 0 - + 

13 Garung - + + 0 - - + + 

14 Kejajar 0 - - - - + + - 

15 Kalibawang + + + 0 0 0 0 0 

Source: Results of Analysis, 2010 

Description: 

+ = LQ> 1 

- = LQ <1 

0 = Not production 

Table 2. Result Analysis of Shift Share 

No. Subdistrict rice Corn Cassava Garlic Onions Potatoes Cabbage Mustard 

1 Wadaslintang  +   +   +  0 0 0 0 0 

2 Kepil  -   -   -   -   -   -   -   -  

3 Sapuran  +   -   +   +   +  0  +   -  

4 Kaliwiro  -   -   -  0 0 0 0 0 

5 Leksono  +   -   -  0 0 0 0 0 

6 Sukoharjo  +   +   -  0 0 0 0 0 

7 Selomerto  -   +   -  0 0 0 0 0 

8 Kalikajar  -   -   -   -   -  0  +   -  

9 Kertek  +   +   -   -   +   +   +   -  

10 Wonosobo  -   -   -  0 0 0  +  0 

11 Watumalang  +   +   +   -   -  0  +  0 

12 Mojotengah  +   +   +   -   +  0  -   -  

13 Garung  +   -   +  0  +   +   +   +  

14 Kejajar 0  +  0  -   -   +   -   +  

15 Kalibawang  +   +   +  0 0 0 0 0 

Source: Results of Analysis, 2010 

Description: 

+ = positive CIJ Value 

- = negative CIJ Value 

0 = Not production 
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Table 3. Superior Food Crop Commodities 

 

No. Subdistrict rice Corn Cassava Garlic Onions Potatoes Cabbage Mustard 

1 Wadaslintang ++ ++ ++ 0 0 0 0 0 

2 Kepil +- +- +- +- - - - - - - - - 

3 Sapuran ++ +- ++ ++ ++ - 0 ++ - - 

4 Kaliwiro +- - - +- 0 0 0 0 0 

5 Leksono ++ - - +- 0 0 0 0 0 

6 Sukoharjo -+ ++ +- 0 0 0 0 0 

7 Selomerto +- -+ +- 0 -0 0 -0 0 

8 Kalikajar - - +- - - +- +- -0 ++ +- 

9 Kertek ++ ++ - - +- ++ -+ -+ +- 

10 Wonosobo +- +- +- 0 0 0 -+ -0 

11 Watumalang ++ ++ ++ - - +- 0 -+ -0 

12 Mojotengah ++ ++ ++ - - -+ 0 - - +- 

13 Garung -+ +- ++ 0 -+ -+ ++ ++ 

14 Kejajar 0 -+ -0 - - - - ++ +- -+ 

15 Kalibawang ++ ++ ++ 0 0 0 0 0 

Source: Results of Analysis, 2010 

Description: 

LQ + and SS + = superior commodity 

LQ + or SS + = potential commodity 

LQ - and SS - = retarded commodity  

0 = Not production 

 

In the classification of the central region are 

classified into three hierarchies: Hierarchy I, who 

belong to this hierarchy are the areas that are 

developing infrastructure (high-function index 

value) of Wonosobo Subdistrict, Wadaslintang, 

Kertek, and Sukoharjo. Hierarchy II namely 

infrastructure areas moderates (not grow but also 

not retarded), namely Subdistrict Kepil, Sapuran, 

Selomerto, Kalikajar, Watumalang, and 

Mojotengah. While the hierarchy III regions 

underdeveloped infrastructure (low-index value 

function) that is Subdistrict Kaliwiro, Leksono, 

Garung, Kejajar and Kalibawang. 

In each cluster of food crops to be 

established sub-processing industry, while other 

areas as local supporters (hinterland) will serve as a 

provider of input sub-manufacturing sector. Primary 

processing industries need to be built on one central 

point that is in the Sawangan Village (Leksono 

Subdistrict), which very strategic location of this 

district (located on the local inter-district 

transportation node that connects Sawangan with 

Sukoharjo, Leksono, Selomerto, Kaliworo, 

Wadaslintang and partly Watumalang, all of which 

it is centers of some agricultural production.) The 

function of the manufacturing center is to 

accommodate and process the return of the sub-

processing industry (more complete in figure 1.). 

 
 

Figure 1. Map of Agropolitan Food Crops In Wonosobo Regency  
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With the sub-processing industries, 

commodities produced can be directly processed 

into derivative products that have a better selling 

points than sold in the state has not been processed. 

The choice of location of food crop processing 

industries based on the assumption that the investor 

will enter into an area if: 

 Infrastructure in the area either 

This can be shown from the centrality of value 

weighted index for each district. The higher the 

value the centrality of a sub index indicates that 

the more complete and the higher frequency of 

infrastructure activities that have been owned by 

these districts and vice versa. In this case, said a 

high centrality index value if the value is higher 

than the average index of the centrality of the 

entire district that is equal to 7.84. 

 The purchasing power of a good society 

This can be seen from the per capita income of 

each district. The higher the per capita incomes 

of a district, then the purchasing power of 

people the better so that will encourage 

investment into the area. 
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ABSTRACT 

Noodle is very popular food among Asian 

people, commonly served in fresh form of wet 

noodle. But its shelf life is quite short due to high 

moisture content. In search of an alternative 

biopreservative, chitosan has been suggested to use 

because it is safe, nontoxic, and biodegradable. 

This research aimed to study chitosan coating effect 

on noodle chemical, textural properties, sensorial 

acceptance and deterioration delay related to 

chitosan antimicrobial activity. 

Dipping method was chosen instead of 

mixing into the dough to prevent chitosan-

carbohydrate reaction that inhibits chitosan 

antimicrobial activity. Noodle was dipped into 

various concentrations of chitosan solution (0%, 

1%, and 1.5% b/v) in 0.5% acetic acid. 

Chitosan coating decreased the pH from 6.5 

for non coated wet noodle to 5.1 to 5.5 for 0.5% to 

1.5% chitosan concentration. Chitosan introduction 

significantly increase the moisture content and total 

protein (α: 0.05) while fat content decreased in 

concentrations dependent manner. During room 

temperature storage for 40 hours, textural properties 

of noodle, irrespective of chitosan concentrations, 

slightly decreased with longer storage periods. 

Chitosan coating on wet noodle were sensorically 

received by consumers with the highest hedonic 

values went to the wet noodle with 0.5% chitosan. 

Chitosan as coating agent also inhibited both 

noodle deterioration and microbial growth. 

 

Keywords: chitosan, noodle, coating, microbial 

inhibition  

 

1 INTRODUCTION  

Noodle in various forms is very popular 

among Asian people. However, with high moisture 

content (52%), noodle shelf life was quite short, for 

only 40 hours in room temperature [1]. To prevent 

or delay deterioration, local noodle producer 

sometimes use over dosage preservative, or even 

forbidden preservatives such as formalin.  

According to Indonesia national agency of drug and 

food control report in 2007, among wet noodle 

samples, 83% of sample taken from Yogyakarta 

and 67% of samples taken from Jakarta to be 

proved contain formalin residue [2]. 

Surface microbial stability is a major 

determinant of food products shelf life. Food 

processors have used preservative dips and sprays 

as coating method that would enhance surface 

microbial stability using polysaccharide, such as 

chitosan  3] 4] 5]. Chitosan (poly β-(1-4) n-acetyl-

d-glucosamine), deacetylated form of chitin, is a 

natural antimicrobial compound, can be obtained 

from crustacean shells (crabs and shrimp) either by 

chemical or microbiological processes and also can 

be produced by some fungi (Aspergillus niger, 

Mucor rouxii, Penicillium notatum). Chitosan is 

water, alkali, and organic solvent insoluble, but 

dissolve in organic acid with pH below 6 [6]. With 

same lethal dosage with sugar or salt, chitosan was 

reported as safe to use in food [7].  

Hypothesis mechanism of chitosan 

antimicrobial activity is related to cell permeability 

change caused by interactions between the 

polycationic chitosan and the electronegative 

charges on the cell surfaces, leads to the leakage of 

intracellular electrolytes [8]. The other mechanisms 

are the interaction of diffused hydrolysis products 

with microbial DNA leads to the inhibition of the 

mRNA and protein synthesis [9], and the chelating 

of metals and essential nutrients [10]. But the 

presence of several food components, such as 

starch, whey, and NaCl, was reported able to inhibit 

chitosan antimicrobial activity [8]. A research 

confirmed that the use of chitosan into precooked 

pizza dough was not effective, while edible coating 

method delayed major spoilage by several fungi 

[11]. Therefore, dipping was chosen as altenative 

method to coat the string-shaped wet noodle. 
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The objective of this work is to chitosan 

coating effect on noodle chemical, textural 

properties, sensorial acceptance and deterioration 

delay related to chitosan antimicrobial activity. 

Furthermore, this research may provide basic 

information to develop chitosan as food 

biopreservatives. 

2 MATERIAL AND METHOD  

2.1 Material 

Chitosan was made from shrimp shells by 

chemical processes, obtained from The Indonesian 

Institute of Sciences (LIPI). Noodle was made 

according to the method used by noodle local 

producer in Yogyakarta, using wheat flour and food 

grade additives. All chemicals used were analytical 

grade. 

2.2 Preliminary  

This process was conducted to determine 

noodle boiling time to obtain noodle with 55% as 

standard moisture content, acetic acid 

concentration, and ratio between noodle and 

dipping solution that sensorially accepted. To 

measure chitosan properties, proximat content, 

solution viscosity, and deacetylation degree were 

also analyzed according to each standard analysis 

[12]. 

2.3 Sample preparation  

The experimental samples were prepared 

according to the basic formulation. They were 

made from hard wheat flour and mixing with 35% 

water, 1% salt and 2% alkaline solution. The flour 

was formed into dough sheets before cutting. The 

string-shaped noodle was then dipped into boiled 

water for 1 minute. 

Dipping solution were made by dissolving 

chitosan powder into 0.5% acetic acid in 

concentration of 0%, 0.5%, 1%, and 1.5% w/v, 

using sterilized beaker glass. Samples were divided 

and dipped 2 minutes into each solution in ratio 1:6 

(g/ml). After drained, samples were placed inside 

sterile sealed polyethylene bags for room 

temperature incubation, prepared for triplicate 

samplings, every 10 hours from 0 to 40 hours. 

Samples weight differences before and after 

dipping were counted as retained chitosan on 

samples surface.  

2.4 Chemical, physical and sensorial 

properties analysis 

Right after dipping process, samples 

properties were determined for pH using pH meter 

and also for moisture, protein, fat and ash content 

according to AOAC (2000). Noodle physical 

analysis as conducted in quantitative and qualitative 

measurement. The textural qualities of the cooked 

noodles, in strength and break distance 

(extensibility), were measured on a Lloyd Texture 

Analyser in triplicate at three random locations of 

noodle string. The noodles were tested individually. 

The Fmax values recorded for freshly made sample 

and 45 hours incubated sample. Physical changes 

during incubation were also observed. Samples 

were evaluated for sensory acceptability by 20 

trained panelists. Scoring method in scale 1-10 

(1=unrecognizable, 10=extremely recognizable) 

was used to analyze whether chitosan application 

was recognizable in term of noodle taste and aroma. 

While hedonic test in scale 1-7 (1=dislike 

extremely, 7=like extremely) was used to analyze 

samples acceptability. The effect of cleansing after 

dipping was also sensorial analyzed. 

2.5 Chitosan antimicrobial analysis 

Total viable cells of samples were counted 

as colony forming unit per volume (CFU/ml) using 

most probable number method in spread plate [13]. 

Samples from 0, 10, 20, 30, and 40 hours 

incubation were mixed with sterile peptone water 

(1:9 g/ml), homogenized, and inoculated in 

Nutrient Agar media, then incubated for 24 hours.  

2.6 Statistical analysis 

The values reported are the mean of these 

independent experiments. Differences between 

variables were tested for significance by 1-way 

analysis of variance (ANOVA). Duncan's Multiple 

Range Test was used to detect mean differences. 

Differences at P < 0.05 were considered to be 

statistically significant. 

3 RESULTS AND DISCUSSION 

3.1  Chitosan properties and noodle 

dipping  

The properties of chitosan used in this 

research as shown in Table 1 confirmed that 

chitosan used was prepared according to standard 
as food grade chitosan [12], with 98.47% degree of 

deacetylation (above standard of 70%) and 
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viscosity of 860.02 centiPoise (between 200-3000 

centiPoise standard). 

But retained chitosan amount were very low 

on all samples indicating that dipping method could 

not guarantee high amount of chitosan retained on 

samples surface. 

Table 1. Chitosan properties compared to standard 

Properties Value Standard1 

Moisture (%) 

Total N (%db) 

Viscosity2 (cP) 

Degree of 

deacetylation (%)3 

9,37 

7,39 

860,02 

98,47 % 

2-10 

7-8,4 

200-3000 

>70% 

 

3.2 Chemical, physical and sensorial 

properties 

The results of noodle properties 

measurements after dipped into chitosan solution 

are shown in Table 2. Acidity of dipping solutions 

slightly decreases resulted in higher pH of dipped 

noodle while retained chitosan on noodle surface 

increase with the increase of chitosan 

concentration. The presence of retained chitosan 

also increase acetic acid retained on noodle surface 

resulting higher acidity of dipped noodle than both 

non-dipped and non-chitosan samples. In the other 

hand, dipped samples acidity slightly increase, 

indicating the presence of chitosan able to reduce 

acidity. The increase of chitosan concentration 

significantly increase the moisture content (α: 0.05) 

while fat content decreased in concentrations 

dependent manner. The oil layer was diminished in 

the drain process due to interaction between 

positively charged chitosan able the negatively 

charged free fatty acids. Protein amount was 

significantly increase after dipping but did not 

significantly influenced by concentration 

differences due to the low amount of retained 

chitosan. 
 

 

Table 3. Noodle physical properties 

Sample Fmax 
1) Strain at Fmax

2) (%) 

0 hour 45 

hours 

0 

hour 

45 hours 

Without dipping 

Acetic acid 0,5% 

0,5%  

1%  

1,5% 

2,34b  

1,84a  

1,83a  

1,88a  

 2,13a/b  

0,80b  

0,82b  

0,65a  

0,87b  

0,90b  

57,51a  

53,71a  

55,45a  

55,64a  

54,44a  

21,42a  

20,29a  

20,93a  

30,53a  

28,26a  

 

Results shown in Table 3 confirmed that the 

textural properties of noodle, irrespective of 

chitosan concentrations, were decreased after 45 

hours of room temperature incubation. Generally, 

dipped samples were not significantly different 

with those non-dipped samples due to the low 

amount of retained chitosan. But dipping into 1% 

chitosan solution significantly increase sample 

stextural endurance after 45 hours incubation 

compare to the control. Physical qualitative 

observation also confirmed that samples dipped in 

chitosan solution have better physical appearance 

due to deterioration inhibition. 

Table 4. Noodle Sensorial Properties 

Sam

ple  

Properties 

Taste Aroma Color Texture Overall   

A 

B 

B‘ 

C 

C‘ 

D 

D‘ 

E  

E‘ 

4,72a 

4,64a 

4,96a 

4,72a 

4,36a 

4,40a 

4,28a 

4,52a 

4,44a 

 4,48b/c 

3,88a 

4,64c 

  3,72a/b 

  4,56b/c 

3,44a 

   4,08a/b/c 

 4,48b/c 

 4,32b/c 

3,76a 

  4,76b/c 

5,24c 

4,92c 

 4,12a/b 

5,16c 

5,00c 

 4,56b/c 

  4,52 b/c 

3,68a 

4,76b 

4,92b 

5,00b 

4,88b 

4,72b 

5,16b 

4,52b 

4,48b 

4,32a 

4,68a 

5,00a 

4,88a 

4,72a 

4,56a 

4,84a 

4,60a 

4,56a 

 

 

 

Table 2. Noodle properties after dipped into chitosan solution 

Treatments1) Solution 

pH 

Retained 

chitosan2) 

(mg/10g) 

Noodle pH 

after 

dipping 

Moisture 

(%wb) 

Total 

Nitrogen 

(%db) 

Protein 

(%db) 

Fat 

(%db) 

Without dipping 

Acetic acid 0,5%  

Chitosan solution 0,5%  

Chitosan solution 1%  

Chitosan solution 1,5% 

- 

3,6 

3,7 

3,7 

3,8 

- 

- 

0,204  

0,503 

1,808  

6,5 

6,1 

5,1 

5,2 

5,5 

54,99d 

60,30e 

45,80a 

49,60b 

53,40c 

1,82b 

2,05b 

1,33a 

1,46a 

1,58a 

11,40b 

12,82b 

 8,30a 

 9,14a 

 9,86a 

6,88d 

4,05 c 

2,67c 

1,71b 

1,30a 

 

1 Standard according to Muzarelli (1997) 
2 Analysis using 1% chitosan solution in 1% acetic acid 

A : Without dipping 

B: Acetic acid 0,5%  

C: Chitosan solution 0,5%  

D: Chitosan solution 1%  

E: Chitosan solution 1,5% 

1 For dipped samples, 10 grams of noodle dipped into 60 ml chitosan solution. Controls are non-dipped noodle and acetic acid dipped noodle  
2 Values reported are the mean of triplicate independent experiment per 100 gram samples 
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Figure 1. Microbial growth in noodle during room temperature incubation 

From sensorial analysis shown in Table 4, 

the results confirmed that chitosan coating were 

generally recognized and received by consumers 

with the highest hedonic values went to the wet 

noodle dipped in 0.5% chitosan solution. Noodle 

cleansing after dipping generally had higher 

hedonic values with the highest went to the 1% 

chitosan. 

3.3 Chitosan antimicrobial properties 

The graphic of total viable cell 

contaminating noodle confirmed that during 40 

hours of incubation microbial cell number was 

inhibited by chitosan. Cell number of non-treated 

chitosan samples were increased while decrease in 

chitosan-dipped noodle in concentration depending 

manner. 

4 CONCLUSIONS  

Chitosan dipping method was able to change 

chemical and physical properties of wet noodle in 

concentration depending manner, despite the low 

amount of retained chitosan. Noodle dipped in 

chitosan solution was also sensorial accepted. 

Chitosan was also confirmed to be able to delay 

deterioration and inhibit microbial growth in noodle 

samples. All these results suggested the potential of 

chitosan as noodle biopreservation using dipping 

method. 
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ABSTRACT 

The EMRP (Ex Mega Rice Project) was the 

biggest failure of peat land reclamation which is 

began in 1997 and impact to land fire, loss of 

biodiversity, and also social-economy implication 

at that time. Although today it became conservation 

area, the historical ecology background of the area 

need to be explored. Therefore estimating the 

biomass and biodiversity approach for effectiveness 

of the rehabilitation enhancement at the research 

area was expected to involve a restoration 

contribution.  The biomass approach using 

alometric equation (non destructive sampling) 

which is based on Brown (1997), Ketterings et al 

(2001), Onrizal (2004), Ludang (2007), and species 

specific equation. While biodiversity approach 

based on Shannon equation diversity of richness 

and evenness. The result of alometric equation 

shows that Kettering equation is the dominantly-

matched. Then the comparison of the biomass and 

carbon were 10-279 t/ha and 75tC/ha during period 

1990-1996, until 1.5-115 t/ha and 56tC/ha during 

period 1996-2000. Finally the carbon release was 

0.8 MtC only at block C and D. Another result of 

biodiversity shows the richness and evenness index 

average of vegetation which is decrease 

significantly from 2.59 and 0.47 become 1.45 and 

0.26. This study represent the impact of reclamation 

activities and the importance to conserve and 

rehabilitate the peat land forest in order to increase 

carbon sequestrate activities due to peat land 

potential capability as carbon storage. 

 

Keywords: peat land, aboveground biomass, 

biodiversity, carbon stocks. 

 

1 INTRODUCTION  

The amount of peat land in Indonesia are 

about 20 million ha (10.8%) from 188 million ha of 

mainland (Agus 2009; Murdiyarso 2004; Wahyunto 

et al 2005). As known generally peat land could be 

potential as carbon sequestration and assumed up to 

46 Gt (Murdiyarso 2004). In the recent years, the 

peat land area was potential target as agriculture 

media, which is considering the needed of food 

production especially rice cultivation through 

Suharto regime, based on 5 years development 

(PELITA) which is focused on the paddy producing 

and desire to become one of  the rice exporter 

country at 1984 (Notohadiprawiro 1997; Sitorus 

2006). Therefore the reclamation for LULUCF 

activities were happen and impact to the legal, 

illegal logging and forest fire (Tim Rencana Induk 

2008). Whereas the peat land is a unique kind of 

soil, when it disturbed, then will impact to decrease 

many capabilities of peat land itself as potential 

carbon storage and ecological diversity.  

The development of EMRP 1.4 million ha 

which is consist of A until E block and spend 

money about 2000 billion rupiah, was legally 

decided by  Presidential Decree (Keputusan 

Presiden) No. 82/1995 and No. 74/199 (Anonym 

2007).  Beside reclamation activities also bring 

about 600 thousand ha of forested area, produce 1.3 

million m
2
 round timber and also remove 360 

thousand family or 1.7 million people as a labour of 

agriculture expansion (Anomym 1999 kompas). 

Reclamation of EMRP in 1997 which is happened 

without detailed preparation was resulted a damage 

impact, such as low water level because of 

drainage, reduce the black-water ecosystem and 

peat biodiversity especially the rare trees, drought, 

flood, illegal logging, and forest fire (Anonim 

2007; Tim Rencana Induk 2008; Wahyunto et al 

2005). Therefore rehabilitation of EMRP was 

conducted and focused on the peat land which has 

thickness more than 3 m deep at headwaters and 

swamp area declared by President  Decree (Keppres 

No.32/1990 about Conservation Area, Regulation 

(Undang-Undang) No. 26 at 2007 about Section 

Regulation (UUTR), and form instruction of 

National Region Layout Plan-RTRWN (Tim 

Sintesis Kebijakan 2008). Then to build up an 

effective rehabilitation for reforested peat land it 

has to consider the historical background of the 

ecology, which this study approach by biomass and 

biodiversity were used to consider about.  

Therefore, by facing the REDD+ (Reducing 

Emission from Deforestation and Forest 

Degradation) regime which is also emphasize for 
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conserve a rehabilitate area, at 2012 Indonesia have 

to reduce the emission until 5%. Then the benefit 

by conserve area not only keep the rare species of 

trees and animal, but also earn benefit by the 

carbon credit that sequestrate by the area. 

Hopefully this study could give an effective and 

efficiently contribution for the reducing emission 

and also equity benefit for Indonesia through forest 

conservation regimes.  

2 METHOD  

The materials for this study are secondary 

data forest inventory-based of Field Data System 

(FDS) between 1990-1996 and 1996-2000 by 

Ministry of Forestry Indonesia, ArcGIS 9.2, 

ERDAS, FOXPRO, and SPSS.  

2.1 Field Data System (FDS) 

The FDS were developed by Ministry of 

Forestry, to monitor the field-data of forest 

inventory, which is based on FAO (1984). The plot 

divided by PSP (Permanent Sample Plot) and TSP 

(Temporary Sample Plot) at 1990-1996 and 1996-

2000 (Figure 1). Each cluster consist of 8 track of 

TSP and 1 PSP, which is located in the centre of 

cluster (track 5) and divided by 16 subplot at wide 

25x25 m. The amount of cluster at periode 1990-

1996 and 1996-2000 were 16 and 2. 

 

 

 

 

 

 

 

 

 

Figure 1. The Field Data System 

2.2 Aboveground Biomass and Carbon 

Aboveground biomass calculated by using 

specific alometric equation for each species, and 

the result compared by biomass value from 

Ministry of Forestry. Those alometric equation are 

considered by general alometric (Brown 1997), 

wood density approach (Kettering 2004), local 

region approach (Ludang 2007), forest condition 

(Onrizal 2004), and specific species for Ramin (as 

indicator species at peat land forest) (Siregar 1995). 

The wood density information that will be used for 

Kettering equation for many species are based on 

Murdiyarso 2004. The alometric equation that used 

for this study was shown in Table 1. 

The determination of suitable equation for 

each species using statistical analysis by MAD 

(Mean Absolute Deviation), correlation, and one-

sample population t-test. The MAD equation were: 

 

MAD = 1/n {∑(│Xa-Xb│)}                       (1)

               

which Xa is survey biomass by MoF (Kg), Xb is 

equation biomass result (Kg) and n is the amount of 

the data [1]. 

The correlation analysis determine the linier 

relation of two parameters by value of correlation 

coefisien (Walpolle 1997). While t-test of the used 

to develop the validity which have to be proved by 

standard 5%, and hypothesis of Ho:µ=0 and H:µ≠0 

by SPSS software. 

Table 1. An alometric equation used  

2.3 Biodiversity Indexes  

The biodiversity index can be measured 

through the index of Shannon and Simpson, 

commonly. This study using Shannon index due to 

Peet (1974) that the Shannon diversity index 

responds most strongly to changes in important of 

the rarest species, while Simpson index respond 

most strongly to changes in the proportional 

abundance of the most common species (Beisel and 

Moreteau 1997).  

 

H=-∑(qi/Q)ln(qi/Q)   (2) 

E = H/ln Q    (3) 

which H is Shanno  n richness index, qi is the 

density of each species, Q is the amount of the 

individual at the plot, E is the evenness index. 

Equation Source
 

Y=0,118Dbh
2,53

 Brown (1997) 

Y=0,11BjDbh
2,62

 Kettering (2001) 

Y=38.4908-

11.7883(Dbh)+1.1926Dbh
2
 

Ludang (2007) 

Y=0,255Dbh
2,528

 Onrizal (2004); 

Onrizal et al (2005) 

Ramin: 

Stem=0,86Dbh
2,44

; 

Branch=0,014Dbh
2,65

; 

Twig=0,049Dbh
2,00

; 

Leaves=0.047Dbh
1,62

; 

Bark=0,048Dbh
2,2

 

Siregar (1995); 

Nordwijk et al 

(2002); Rahayu et al 

(2005); Hairiah 

(2007) (IPCC Good 

Practice Guidance 

LULUCF ). 
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Geostatistic analysis (kriging) is another 

method to develop the parameter of the location. It 

was based on the undefined data then the 

interpolation method is needed to build up the 

coverage of the spatial information and prediction. 

The kriging which is used provide base equation for 

original kriging prediction map.  

 

Z (s) = µ (s) +  (s)    (4) 

 

where Z is considered by the µ (value of the kriging 

interpolation) and the error that happen by data 

informationa ( ) (Esri 1995). 

The geostatistical interpolation not only used 

for the value of biodiversity but also for biomass 

parameter, due to the lack of data information of 

the research location through field-based-inventory.  

3 RESULT AND DISCUSSION 

Based on the estimating of best equation that 

can be used for each species, which is considered 

by Kettering, Brown, Onrizal, Ludang and specifis 

equation of Ramin, it shows that generally (by 25 

species that can be predicted for all type of equation) 

the most applicable equation is Kettering that also 

based on the wood density of the trees. Other 

equation also applicable for some trees, which is 

determined by the result of statistical analysis by 

MAD, correlation, and one-sample t-test (Appendix 

1). 

There are several main kind parameter of the 

vegetation that require for the vegetation analysis, 

one of them are density of the vegetation at the 

landscape area. Through the forest inventory data at 

range of year at 1990-1996 and 1996-2000, 

therefore the density and the amount of the 

individuals vegetation on the area can be 

determined (Figure 2). 
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Figure 2. (a) The EMRP trees desity (b) Vegetation density at 
periode 1990-1996 (c) Vegetation density at periode 1996-2000 

Based on the figure, it shows that there are a 

significant decrease of the amount of vegetation 

since before the reclamation activities and post of 

that. The density of trees (trees that have a dbh > 20 

cm) also decline then the coverage of the location 

only dominated by the layer vegetation (which has 

a 5 cm<dbh<20 cm). While the percentage density 

of the location decreasing about 97.75% by the 

layer vegetation and 96.42% of trees, which 

separated by 2745 become 62 of later vegetation, 

and 1759 trees become 63 of trees loss. 

 

 
 

The biomass of the location are 

heterogenous depend on each plot of the data. By 

the amount of individual that decrease significantly 

due to periode of time, from 4054 become 126 it 

also impact to the average of the biomass value at 

the location,  which is 279 ton/ha at 1990-1996 and 

115 ton/ha at1996-2000 (Figure 3). 

There are also determination and estimation 

for the highest sequestration based on trees and 

landscape area through the plot sampling, those can 

be used for the carbon sequestration for total peat 

land assumption in Indonesia. In 1990-1996 the 

most potential trees that can sequestrate carbon is 

Ramin (G bancanus Kurz) up to 48 tonC or 2.9 

tonC/ha, while in the next periode was dominated 

by Pantung (D costulata Hook f) with carbon 

sequestration capability was 854.33 kgC, or 53 

kgC/ha.  Beside the general carbon capability for 

each trees was show at the Appendix 2. Another 

consideration for biomass at landscape perspective 

was dominated by 501809740, with amount of 279 

ton/ha in 1990-1996 and 115 ton/ha at period of 

1996-2000. The assumption of total carbon at peat 

land area through national perspective was 1500 

MtC at 1990-1996 and 60 MtC at 1996-2000, but 

using other consideration by Noordwijk et al (2002), 

there are changing of biomass become understory 

cause of deforestation at range of 1-20 years up to 9 

Mg/ha, therefore the assumption of total carbon in 

1996-2000 about 140 MtC. 
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Generally the biomass and carbon at period 

of 1990-1996 and 1996-2000 at the location 

through reclamation activities are 2414 ton biomass; 

1207 tonC and 117 ton biomass; 58 tonC, Based on 

literature related to EMRP, some of them shows 

that the peat land of Indonesia at similar location 

the biomass around 400 t/ha until 900 t/ha, can 

sequestered carbon  around 240 tC/ha-400 tC/ha 

(Ludang 2007). Another review of carbon 

sequestration in Indonesia at Nunukan, East 

Kalimantan about 4.2–230 Mg/ha (Rahayu et al 

2005). The annual carbon sequestration at Brazil 

(tropical) can also become other consideration of 

carbon sequestration which is about 6.86 tC/ha./yr 

(Palm et al 2000). 

 

Figure 3. The biomass map at 1990-1996 (geostatistial by 

ordinary kriging) 

 

The biodiversity richness and evenness 

indexes in 1990-1996 of the location are presented 

in the Figure 4. The average of Shannon richness 

index and evenness at the location are 2.6 and  0.47 

and decrease at the next period of time become 1.45 

and 0.26. It shows that the richness of the location 

before reclamation are suit enough for the forested 

area. Based on Sidiyasa et al (2006), the 

biodiversity of richness index value of primary 

tropical forest at Setulang, East Kalimantan about 

3.98. The value of the location that defined as 

primary tropical forest, then the richness of the peat 

land forest is smaller than the primary forest. That 

was suitable with Agus and Subiksa (2008) that 

peat land is a soil that cannot lived by many kind of 

trees, only at the specific rules of condition that 

main trees cannot accepted it. Then post of 

reclamation activities it decrease and can be 

grouped as savanna (Stefanoni and Hernandez 

2004). 

 

 
Figure 4. The Shannon diversity of richness and evenness 

indexes 

 

Figure 5. (a) Shannon index, (b) Species distribution (1990-1996) 
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Besides the value of the evenness at the 

location about 0.12-0.68 in 1990-1996 and 0.26-

0.78 in 1996-2000, those are show that in the peat 

land area the species at each landscape are equally 

present in the habitat, except at the lowest value, it 

should be affected by condition of the vegetation 

diversity. Another measurement of species 

distributionin 1990-1996 shows at Figure 5, that 

reduction of species speadness at the area also 

impact to the value of richness and evenness 

indexes, while in 1990-1996 the amount of species 

around 10-70 and 2-18 in period 1996-2000  

4 CONCLUSION 

By this study, it revealed that there are 

significant reduction due to the reclamation 

activities of peat land becoming paddy field in 

1996. Therefore, result of this study also can be 

used as important information based on biomass 

and biodiversity for rehabilitation of deforested and 

degraded peat land. The proper carbon estimation is 

important for courage sense of peat capability to 

sequestrate carbon due to future carbon credit that 

will be faced by carbon regime through REDD+.   
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ABSTRACT 

Nowadays, Indonesia food and beverages 

industry tends to functional value instead of its 

nutrional value. Functional value is usually 

bioactive compounds in spice or herbal. Indonesia 

is rich about spice and herbal commodity. For that 

reason, Indonesia is one of the biggest spice and 

herbal commodity exporter. It is due to good quality 

of Indonesia native spice. One of the most common 

spice from Indonesia is nutmeg (Myristica 

fragrans). According to experts‘ research, nutmeg 

has potential ability to solve insomnia problem. 

Moreover, it also has unique volatile aroma 

compound. Nutmeg is very potential to be produced 

as ready to drink extract. It would be more potential 

if it is mixed with another functional food, such as 

nata de coco and Aloe vera. The mixture of nutmeg 

extract and another added functional food gives 

healthy effect more significantly than only nutmeg 

extract itself. The addition of crushed nata de coco 

contributes to this mixture as good effect for Gastro 

intestinal track because of its dietary fiber 

compound. The process to make this mixture needs 

soaking in 4% NaCl or salt solution to lower bitter 

after taste and pasteurization to reduce microbial 

risk. And the result is ready to drink functional 

beverage from nutmeg extract and crushed nata de 

coco as antiinsomnia and dietary fiber source. After 

consuming, this beverage also gives refreshment 

effect. 

 

Keywords: industry, functional beverage, nutmeg, 

nata de coco, antiinsomnia, dietary fiber. 

 

1 INTRODUCTION 

Food and beverage industry in Indonesia is 

now growing rapidly, especially in packaged food 

and beverage or ready to eat or drink. The growth of 

ready to drink beverage industry is very significant 

when compared with other food sectors. Beverage 

products are expected not only innovative, but also 

have functional effects for the body. Functional 

beverage ready to drink is now being developed
1
. 

These kinds of ready to drink functional beverage 

have been traded in the Indonesian market. Most of 

these beverages contain bioactive compounds of 

spices, such as nutmeg (Myristica fragrans), ginger 

(Zingiber officinale), and Aloe vera. 

Nutmeg plant is Indonesia native spice. 

Availability of spices in Indonesian, particularly 

nutmeg, is quite abundant. As much as 60% of the 

world's nutmeg supply from Indonesia. In 2000, 

total nutmeg production of Indonesia amounted to 

19.954 tons
2
. In Indonesia, the majority of nutmeg 

use is on its seed for oil refining to produce nutmeg 

oil, whereas the use of nutmeg cortex or nutmeg 

meat is still limited. Nowadays, it is common used 

to produce pickles. 

Nutmeg cortex has great potential to be 

processed into other products because it is the 

biggest part of nutmeg itself (84.33% from the 

whole part)
3
. Thus, the processing of nutmeg meat 

into a ready to drink functional beverage product is 

a good solution to optimize the utilization of 

nutmeg meat. It also could be as new challenging 

product in functional beverage market. Actually, 

nutmeg extract has been traded in some spot in 

Indonesia. Nevertheless, many Indonesia people do 

not even know about this kind of processed spice 

stuff, due to imperfect marketing trick. The lack of 

information on common people about nutmeg 

healthy effects could be as the cause of this case. By 

launching packaged functional nutmeg drink, it is 

expected that consumption nutmeg in Indonesia 

increases significantly.  

The addition of nata de coco in nutmeg drink 

adds healthy value instead of increases well-

common value in wide people. This addition need 

to be done because people are more popular with 

nata de coco than nutmeg itself, as a consequence 

this packaged functional nutmeg drink could be 

more accepted. Moreover, nata de coco addition can 

add innovation value as well.  
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According to food technology experts, 

efficacy of nutmeg can help healing the disturbed 

sleep (insomnia) on 400 mg/kg nutmeg extract 

concentration
4
 and maintaining digestion system. In 

addition, it can heal the nausea on 300 µg myristicin 

concentration
5
, diarrhea on 4,5 gram nutmeg 

concentration
6
 and menstrual pain as well

7
. In 

addition, nata de coco contains dietary fiber due to 

its high content of cellulose. It really helps to 

maintain digestion system healthiness. Nata de coco 

also contains low calorie that makes it as good 

human diet. Nata de coco is used within crushed 

form as innovation rather than dice form, film form, 

or round form. It would be easier to consume and 

digest in crushed form than other form, so that it 

also gives another added value. 

2 MODEL, ANALYSIS, DESIGN, 

AND IMPLEMENTATION  

This is design planning to produce the 

mixture of nutmeg extract and crushed nata de 

coco.The first step making of ready to drink nutmeg 

extract is preparation of the nutmeg fruit without 

the nut. The pulp fruit then peeled from its rind and 

washed. The next process is to soak the peeled and 

washed fruit in a 4% salt solution for 12 hours to 

lower tannin content which definitely causes bitter 

after taste. After the soaking, the nutmeg then 

washed and blanched at 80
o
C for 3 minutes, then 

drained. The nutmeg pulp the ready to processed. 

The process of making this mixture beverage is 

divided into four steps. The first is to make the 

nutmeg extract, make the sugar solution, make the 

crushed nata de coco, and the last is blending. The 

first step of making the nutmeg extract is crushing 

the nutmeg meat with water addition in proportion 

of 1:8. Then the crushed nutmeg meat is filtered 

with the filter cloth. The filtered nutmeg extract 

then pasteurized at 80°C for 5 minutes. The second 

step is making the 50% sugar solution and CMC. 

The mixture of both materials is put into water in 

proportion of 1:1 then boiled. The sugar solution 

then filtered to wash out the residue in the sugar. 

The third step is to wash out the slimy part of the 

nata de coco. Nata de coco is cut into smaller parts 

then crushed with blender machine. Then the 

crushed nata de coco is boiled at 100°C until the pH 

value reached >6. The last step is to mix the 50% 

sugar solution, CMC, and crushed nata de coco into 

nutmeg extract. This mixture then filled into cups. 

The nutmeg extract in each cup then pasteurized at 

70°C for 5 minutes. 

The pasteurized nutmeg extract with crushed 

nata de coco has some benefits as functional food. 

The nutmeg extract itself has antiinsomnia and 

antiobesity effect, whereas nata de coco has low 

calorie value, refreshment effect, and good 

capability in helping food to pass through gastro 

intestinal track. Besides its benefit as functional 

beverages, it has refreshment aroma as well which 

is evoked from volatile compounds in the nutmeg 

and the chewy characteristic from nata de coco. The 

flavor of mixture nutmeg and nata de coco 

pshycologically gives enjoyment and freshness 

effect. The main technology used in its producing is 

pasteurization. The pasteurization could kill 

microbes which caused spoilage on the product. 

Hence its ability to reduce the spoilage risk of 

microbes, pasteurization does not use high 

temperature (75°C) so it can keep the volatile 

compounds of the nutmeg extract. Moreover, the 

used of 220 cc cups as its package makes the 

product more convenient to consume. In addition 

for the cup, it is also equipped with straw to make 

its ready to consume. 

2.1 Method 

Formulation obtained by rating hedonic test 

which consists of 70 panelists from all specification 

(age, gender). Panelists asked to make samples 

rating based on panelist likes. There are four 

formulations of nutmeg extract, 1:2, 1:4, 1:6, and 

1:8. Those formulations are based on ratio between 

nutmeg and water in the extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           

 

Figure 1. Formulation 

 

Panelists make samples rating based on 

panelist like on booth with difference serving on 

each panelist depending on samples combination. 

For example: Booth 1 A-B-C-D, Booth 2 A-B-D-C, 

and so on. Each sample on each booth labeled by 

random code consists of three numbers. 

 

 

Formulation 

1:4 1:2 1:8 1:6 

Sample A Sample B Sample C Sample D 
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3 RESULT 

Based on rating hedonic test results, the best 

formulation was the formulation of nutmeg and 

water with a ratio of 1:8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Rating hedonic results 

 

This nutmeg extract (best formulation) is a 

healthy beverage because it can provide a refreshing 

effect with a distinctive aroma of nutmeg. The 

effects produced by the bio-active compounds 

contained in nutmeg, namely myristicin. One 

serving of nutmeg extract (240ml) contains 30mg 

nutmeg cortex. This amount will not cause 

intoxication effect because the study of literature 

mentioned that several intoxications have been 

reported after an ingestion of approximately 5 g of 

nutmeg
8
. So that, nutmeg cortex content in the 

beverage is still below the safe limit for 

consumption since the maximum limit is 5 g. 

Myristicin content in nutmeg is 2,49%
9
. In 

other words, one serving (240 ml) nutmeg extract 

contains 0,747 mg myristicin. When converted into 

molar, the nutmeg extract contains 0.016 mM. 

Based on the literature, this beverage is safe for 

consumption because it does not exceed the 

maximum limit myristicin content in each cell of 

body (1mM)
10

. 

 

Figure 3. Myristicin Structure 

 

Myristicin is a phenylpropene. 

Bioavailability phenylpropene is in range 0.001-50 

mg
11

.But upper limit of myristicin is 10mg/kg 

b.w./day. In conclusion, it is possible that myristicin 

in Myristy Drink is all absorbed due to its content 

0,747 mg. Furthermore, this does not give 

intoxication effect in each body cell because its 

upper limit in cell in 1mM whereas myristicin in 

Myristy Drink (0.747 mg) is only 0.016 mM. 

In one serving of Myristy Drink, there is 30 

mg nutmeg/cup. So that, for treating insomnia, 

consumer should routinely drink this beverage at 

least 13 cups. But this beverage acts as thirst relief 

and insomnia cure all at once. 

Here the calculation of myristicin content in 

one serving Myristy Drink 
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In addition, no toxic effects were observed in 

rats administered myristicin perorally at dose of 10 

mg/kg b.w./day
12

. Thus, nutmeg extract is very safe 

to consume up to 10 servings because each serving 

contains only 0.747 mg myristicin. 

Nata de coco contains a lot of dietary fiber. 

By consuming this beverage will increase dietary 

fiber intake. In one serving of Myristy Drink, there 

is 5 g nata de coco. It only contributes as enhancer 

of dietary fiber intake. But it cannot influence 

significantly in decreasing body fat deposition in 

mice
13

. If this beverage is consumed routinely, it 

will help to maintain body health. 

Formulation 

1:4 1:2 1:8 1:6 

Bitter 

High 

Viscous 

Less Bitter 

High 

Viscous 

Not Bitter 

Low 

Viscous 

Less Bitter 

Low 

Viscous 
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4 CONCLUSION 

The mixture of nutmeg extract and crushed 

nata de coco is innovative product from nutmeg 

meat and nata de coco proccessing. It has functional 

rolled as antiinsomnia and dietary fiber source 

without intoxication effect. Moreover, this 

functional beverage has refreshment effect from 

nutmeg volatile aroma compound and chewness of 

crushed nata de coco.  
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ABSTRACT 

The basic idea improving local food security 

consists of two paths; both accessibility (price, 

stock) and availability (quantity and biodiversity); 

both are needed to be fulfilled in order to provide 

nutritious and continuous food supply with locally 

available resources. The objectives of this paper are 

to describe the impact of socio-ecology interaction 

through the protection of indigenous knowledge 

(IK) in local communities and to detect its 

contribution to local food security and food culture. 

Participatory rural appraisal (PRA) approach was 

used to investigate the IK in four different sites in 

West Sumatera. Qualitative and quantitative 

research technique includes: in-depth interview and 

survey were carried out in cooperation with local 

stakeholders. The data was coded and clustered by 

using MAXQDA10 software. The result showed 

evidences that IK in traditional farming system 

(TFS) was protecting the biodiversity but on the 

other hand the lower competitiveness of TFS and 

degradation of IK resulted in low agricultural 

income and forced farmers to change their food 

culture, so that potentially leading to food 

insecurity. In order to protect biodiversity, 

improvement of self reliance on local resources 

through empowerment, protection of indigenous 

knowledge and subsidy of the farmers is an 

emergency task for the local government.  

 

Keywords: Socio-ecology, food security, food 

culture, traditional farming system. 

 

1 INTRODUCTION 

Local food security closely related to 

accessibility and availability including diversity of 

food with considers local biodiversity. Furthermore, 

food culture is awareness and responsibility of 

people on their ecological environment while 

choosing, preparing, consuming and enjoying food 

[1]. Food security and food culture are linked with 

the aesthetic and the landscape which resulted 

socio-ecology interaction. Meanwhile, indigenous 

knowledge is a product of the adaptation of 

traditional farming systems (TFS) to the local 

environment, creating unique indigenous farming 

practices and food culture which are usually rich in 

biodiversity, creating a demand for biodiversity-rich 

agricultural products. Therefore the study is needed 

to know if interaction between socio and ecology 

through the protection of indigenous knowledge 

(IK) contribute to local food security and food 

culture. 

2 MATERIAL AND METHODS  

The study is located in Nagari Ulakan (NU) 

(coastal area), Nagari Aia Batumbuak (NAB) (hilly 

area), Nagari Padang Laweh Malalo (NPLM) (lake 

area), Nagari Pandai Sikek (NPS) (hilly area) West 

Sumatera Indonesia with annual rainfall ranged 

between 1600 – 4762 mm. The altitude ranged from 

7-1094 m and temperature ranged from 19-38° C. 

Data was collected by using Participatory rural 

appraisal (PRA) to investigate the IK and socio-

ecology interaction, which is also combining with 

in depth interview, life history, semi-structure-

questionnaire, pictures, mapping, and expert 

interview. The data was collected from June - 

September 2009 and June 2010. 50 respondent each 

site was voluntarily participated.  Data was 

analyzed by performing MAXQDA 10, and F4 audio 

analysis software (created and developed by Philip-

University Marburg). The data was clustered based 

on causality.  

3 RESULT 

3.1 Local food security  

Rainfall and temperature (altitude effect) are 

the two main determinants of plant growth rate and 

diversity [2]. But the topographical factors alone are 

not sufficient to preserve biodiversity especially 

with current conditions under very extreme climate 

changes. This evident from four study areas only 

NPLM that can maintain food-biodiversity  with 3 

main crops, 4 varieties of vegetable, 19 varieties of 
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fruit and 12 varieties of spices (table 1). The 

awareness of local people in NPLM is the main 

reason of biodiversity preservation, they realized 

that they lived in unfavourable climate and 

topography in comparison to the other area; 

therefore they were more prepared for any changes. 

Furthermore, they are more initiating to cultivate 

spices in their backyard (home garden). It proved 

that interventions of human wisdom through TFS 

could be positively protecting biodiversity.  

Farmers have very fragile income with the 

most of them having income between Rp.500.000-

Rp.1.000.000 ($55.5-$111.1) (n = 90) which still 

fluctuates depend on the price when harvest season. 

They can gain more then Rp.1.000.000 ($111.1) 

when good market price. The related study shows 

the fluctuating farmers revenues between farmers 

and seasons did not guarantee sustainable of the 

long term of farming system [3] and compounded 

with 11.25 % of their income spent for rice which 

make them under food insecurity [4].  

3.2 Food Culture 

The mother typically cooks once a day (n = 

184) and decides daily meal. She prepares the 

spices, firewood where the activity starts normally 

from 9-11 am. The meals; breakfast, lunch and 

dinner at the same time is prepared. For dinner, only 

rice is prepared, main menu is only re-heated. Rice 

must be always warm; it is symbol of protection, 

wellness, safety, and delicacy. Fried food is 

preferred but sometime boiled and sautéed also their 

preference. The mother get spices from weekly 

market but some of them still cultivate herb and 

spices on their backyard (home garden- NPLM). 

Carbohydrate intake is 100 % from rice even 

though they are growing different staple crops. 

Whereas most of the people told in the interviews 

that without eating rice it is not really eating for 

them. When the agricultural incomes low, mothers 

have to decide whether to change the meals or to 

feel insecure with the food- this condition changes 

the food culture. 

Table 1 show that only NPLM is still 

practicing indigenous knowledge. In NU, NAB and 

NPS there are only the stories left behind. 

According to our investigation, rangkiang and 

kapuak is no longer being used (normally used as 

storage). Farmers normally sell their paddies 

directly on field after harvest even though not 

popular and banned by culture. Lately, the culture 

has become flexible because they need money to 

make them secure. In the 1970‘s, rice became a 

cash crop, stimulating farmers to sell, rather than 

save, their crops. This degrades traditional farming 

systems that are based on local wisdom. 

Transforming policy through local wisdom it needs 

community-building and public input, which means 

engaging more partners, enhancing the power of 

committees, knowledge building, and providing 

access to information. Therefore, too effectively 

address the many interrelated constraints in these 

culturally diverse, remote and disadvantaged 

communities; strong community engagement is 

needed to develop solutions and mechanism rooted 

in the specific location and culture [6] 

In food culture, an obvious fact is that 

carbohydrates are consumed only from rice even 

though all investigated sites do have different staple 

crops. Most of the people said that if they do not eat 

rice they have not really eaten. Fish has become the 

most prominent protein sources for all sites even 

though some of them are far from fresh water fish. 

NPLM, for example, has the lowest fish 

consumption even though this region is very close 

to a lake. But this does not reflect that the people do 

not like fish, but rather that they prefer to eat fresh 

fish, based on investigation only two sites consume 

fish; NU and NPLM. Both NAB and NPS only ate 

salted fish. Cassava leaf is the common vegetable 

for all sites, which is very easy to grow and easy to 

prepare. NPLM has the highest availability of 

spices, out of 29 used spices in Minangkabau`s 

food, NPLM has 12, followed by NAB, NPS and 

NU. Most of the sites have 2-3 meals per day. Two 

times a day with one peripheral meal in lapau. 

Three daily meals are considered without peripheral 

diet. 

3.3 Socio-ecology interaction 

The local food securities need integrated 

ecology, agriculture, social and economic policies 

approached. The collective action is crucial to 

protect genetic resources, and it remains critical to 

maintaining evolutionary system that generates 

these resources [5]. However, the collective action 

involved in creating and maintaining crop genetic 

resources is substantively different that involved in 

managing fixed assets, such as irrigation systems, 

and fishing territories, those are associated with 

common property. The evidences of IK practices in 

TFS could be positive action to protect the local 

biodiversity but the extreme climate changes forced 

farmers to have low productivity and low incomes. 

 In all investigated site, the awareness of 

people which related to principles of organic 

farming (traditional farming system) questions can 

be seen on the table 2, this analysis based on 

recordings taken when discussions with the 

community. NPLM had a high awareness of 
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ecology, fairness and care in comparison to other 

sites. NPS and NAB had a high awareness of health 

and care, meanwhile NU had high awareness in 

care. However, this does not necessarily reflect the 

awareness of local people to actively contribute in 

the protection of biodiversity. Therefore, there is a 

need for integration between ecology, agriculture, 

social, economic and cultural sensitivity. Collective 

action is crucial to maintaining the crop genetic 

diversity; however, this is substantively different 

from the collective actions involved in managing 

fixed assets, such as irrigation systems and fishing 

territories that are associated with common property 

[6]. 

Societal-aspect: gender is actually 

inseparable and classifies men and women at work. 

In NAB, even though women are working on farms, 

they are earning less then men.  Education is equal 

for men and women, but in some cases women may 

leave school earlier because of arranged marriages. 

Poor education happens in NU and NAB, mostly 

due to arranged marriages and distance of school 

from their homes. Therefore most of young people 

are going abroad and less young people are helping 

in agriculture. The activities at the lapau (small 

coffee shop) offer relaxation for men after work and 

also contribute to changes in food habit. They 

overwhelmingly tend to have breakfast in lapau 

rather than in their home. More time is spent in the 

lapau, and this leads to lower productivity of the 

land.  

Management-aspects: the loss of TFS is the 

most common situation, with the exception of 

NPLM; the high level of food crop-biodiversity and 

the-wise use of their natural resources wisely. Even 

though it is still facing potential insecurity, this 

region can protect their biodiversity. Most of the 

local government policy drives farmers away from 

an awareness of biodiversity protection.  

Ecological-aspects: loss of biodiversity has 

occurred. Unavoidable climate change has put 

increased pressure on the productivity of farmers 

while reducing their revenue. There is no way for 

farmers to get out of it except to adapt self-

sufficient agriculture through low input technology 

(LEIT). 

The low agricultural income may potentially 

lead to food insecurity and low levels of 

biodiversity protection. In NU, NPLM and NPS 

they have an alternative income, this may be one of 

the options to increase food security, but does not 

guarantee for better protection of biodiversity. The 

dominant problem of food security in this study is 

the pricing policy. Interestingly, most of the actual 

problems documented have come from the action of 

the government. The government should be the first 

to protect the farmers, but in most cases they are 

actually contributing to food insecurity 

Table 1. Food culture in different investigated sites 

Main core NU NAB NPLM NPS 

Carbohydrate Rice (100%) 

1 out of  4 

Rice (100%) 

1 out of 6  

Rice (100%) 

1 out of 3 

Rice (100%) 

1 out of 4 

Protein intake Fish (88%) 

Egg (12%) 

 

Fish (62%) 

Egg (30%)  

Chicken (8%) 

Fish (32%) 

Egg (12.7%) 

Meat (30.7%) 

Other (24.6%) 

Fish (88%) 

Egg (10%) 

Other (2%) 

Vegetables Cassava leaf (64%) 

Spinach (16%) 

Other (24%) 

3 out of 4 

Cassava leaf (26%) 

Cabbage (16%) 

Cucumber (2%) 

Carrot (14%) 

4 out of 4  

Cucumber (25.4%) 

Cassava leaf 

(60.6%) 

Jackfruits (14%) 

3 out of 3 

Cassava leaf (10%) 

Jackfruit (2%) 

 

2 out of 4 

Fruit Banana (40%) 

Papayas (20%) 

Oranges (44%) 

3 out of 14 

Banana (64%) 

Papayas (28%) 

Oranges (19%) 

3 out of 7 

Banana (48%) 

Papaya (45%) 

Watermelon (7%) 

3 out of 19 

Banana (56%) 

Papaya (20%) 

Orange (10%) 

3 out of 4 

Preparation Frying, boiled, Sate Frying, boiled, sate Frying, boiled, cook Frying, boiled, sate 

Total peripheral diet 8 items 4 items ---  5 items 

Total spices needs 29 items 29 items 29 items 29 items 

Total spices 

available 

3 items out of 3 9 items out of 9 12 items out of 12 3 items out of 3 

Durable food intake 3 times a day 2 - 3 times a day 2 -3 times a day 2 -3 times a day 

Sources: own survey (n = 200, year: 2009) 
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Table 2. Awareness of local people about organic farming principles (traditional farming system) 

Organic farming principles [7]   NU
a
 NAB

b
 NPLM

c
 NPS

d
 

Health  

Soil 

Plant 

Animal 

Human 

 

0.12 

0.22 

0.24 

0.22 

 

0.12 

0.24 

0.24 

0.26 

 

0.12 

0.21 

0.21 

0.24 

 

0.17 

0.25 

0.25 

0.25 

Ecology  

Landscape  

Climate 

Habitats 

Biodiversity  

Air and water 

 

0.29 

0.12 

0.15 

0.15 

0.20 

 

0.29 

0.24 

0.24 

0.26 

0.21 

 

0.35 

0.35 

0.26 

0.29 

0.35 

 

0.25 

0.25 

0.25 

0.25 

0.25 

Fairness  

Equity 

Respect 

Justice  

 

0.12 

0.22 

0.20 

 

0.12 

0.24 

0.24 

 

0.24 

0.35 

0.24 

 

0.17 

0.33 

0.25 

Care  

Technology 

Science 

Wisdom traditional 

Experiences 

Indigenous knowledge  

 

0.32 

0.22 

0.12 

0.24 

0.10 

 

0.24 

0.26 

0.21 

0.24 

0.15 

 

0.21 

0.24 

0.29 

0.24 

0.35 

 

0.25 

0.25 

0.25 

0.17 

0.27 

Sources: respondents (a = 41, b = 34, c = 34, d = 12) (2009), a ratio between total respondent answering positive 

feedback about organic farming principles question and total respondent.   

 

4 CONCLUSION AND DISCUSSION 

The result showed evidences the interaction 

IK in TFS (socio) could protect the biodiversity 

(ecology) but in the other hand the lower 

competitiveness of TFS and degradation of IK 

resulted in low agricultural income and forced 

farmers to change their food culture, so that 

potentially leading to food insecurity. In order to 

protect biodiversity, improvement of self reliance 

on local resources through empowerment and 

subsidy of the farmers is an emergency task for the 

local government. Thereby, sustainable ecology 

need supported by sustainable economy from local 

communities.  
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ABSTRACT 

The energy crisis is a major issue That has 

yet to be solved by developing countries. One of 

the underlying scarcity of energy is the use of 

gasoline-fueled vehicles from year to year That 

Increase. While the growing demand for fossil fuel 

reserves are dwindling. Besides fossil fuel use 

actually a new problem causes that is the effect of 

greenhouse gases. Thus Immediately Reality 

demands to find a new solution for finding 

alternative Fuels and environmentally sustainable. 

Bioethanol is a great potential in developing 

alternative Fuels and environmentally sustainable. 

Can be Produced bioethanol using the starch or 

cellulose. But fear can interfere with the use of 

starch in food and feed Endurance program. 

Therefore, the development of bio-ethanol from 

cellulose is the best solution. 

That the problems exist today are not 

efficient processing of cellulose into ethanol 

Because it uses multiple processes and complex 

stages. Bioethanol production using bacterium 

Clostridium thermocellum is an efficient alternative 

to the natural production of bioethanol Because it 

only requires a single stage hydrolysis Which 

includes, fermentation and distillation 

simultaneously. Besides the raw materials are 

materials Used with relatively low economic value, 

ie industrial waste gelatin Gracillaria sp.. Thus this 

is a concept That Also utilizes That waste materials 

are not of economic value to high value. 

Keywords:  Gracillaria sp., bioethanol, Clostridium 

thermocellum, fermentation, distillation 

 

1 INTRODUCTION 

Serious problem faced by many developing 

countries now. This is the amount of fossil fuels is 

very limited while the requirement continues to 

increase. The energy crisis is a major issue which 

has yet to be solved by developing countries, 

including Indonesia. One of the underlying energy 

scarcity is the use of gasoline-fueled vehicles that 

from year to year increasing. According to the 

Indonesian Police Statistics data on year 2005 the 

number of motor vehicles in Indonesia totaled 

30,706,705 vehicle, the year 2006 amounted to 

38,156,278 vehicles, the year 2007 amounted 

45.67899 million vehicles, the year 2008 and 

amounted to 56.8887 million vehicles on year 2009 

amounted to 61,956,009 vehicles. This resulted in 

the use fuel oil increases. According to the Ministry 

of Energy and Mineral Resources [1] in Nurfiana et 

al. [2] fuel energy reserves are currently unable to 

expected for a long time. Indonesia availability of 

fossil energy can ilihat in the following table. 

Furthermore, according to Umi [3] if not 

found reserves proved a new, petroleum is expected 

to expire in less than 10 year, 30-year natural gas, 

and coal will run out around 50 years. Predicted in 

the year 2012, total imports of fuel oil (BBM) will 

increase to about 60% -70% of domestic demand. 

That fact will making Indonesia the largest oil 

importer in Asia. Therefore, it should be an 

innovation for altrenatif generate new energy 

future. This new energy in addition to capable of 

using locally available materials should also 

consider sustainable aspects of the new fuel. 

Table 1. Indonesian Fossil Energy Supply [2] 
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On the other side of global warming caused 

by the use of materials fossil fuels increasingly felt 

and caused environmental threats [4]. This has led 

to the development of alternative fuels are 

renewable and energy conservation. Potential 

environmental threat to happen is the pollution 

caused by fossil fuel combustion emissions. 

Pollution generated by burning fossil fuels have a 

health impact for humans, animals, flora and even 

the environment. Pollution in the form of harmful 

gases, such as CO, NOx, and UHC (unburn 

hydrocarbon), as well as metallic elements such as 

lead (Pb). Even the explosive amount of molecular 

CO the impact on global warming [5]. Awareness 

of serious threat was aimed at intensifying the 

various research producing sources of energy or an 

energy carrier is more secure sustainability and 

more environmentally friendly.  

One form of renewable energy is biomass 

energy. Energy biomass derived from organic 

materials and very diverse types. Source of biomass 

energy could come from plantations or agriculture, 

forests, or even waste, both domestic waste and 

waste agriculture. Biomass can be used to direct 

energy source or converted into fuel [6]. The use of 

biomass as an energy source will not cause gas 

buildup CO2 because according Surambo [6] CO2 

gas produced by the reaction used for the formation 

of biomass burning itself. Technology utilization of 

biomass energy which consists of combustion 

developed and direct conversion of biomass into 

fuel. Results of biomass conversion  

This may include biogas, bioethanol, 

biodiesel, coal and so forth. Bioethanol and 

biodiesel in the long term and can be used as a 

substitute fuel [7]. Bioethanol can be made from 

starch-based or biomass-based lignocellulose [7]. 

However, starch-based biomass is generally used as 

food or feed, so that the utilization as raw material 

for bioethanol can disrupt the provision of food or 

feed. This certainly not good for food security 

programs and Indonesian food.  

Therefore, the utilization of lignocellulose-

based biomass should be developed. Examples of 

lignocellulosic-based biomass is wood, cob, cob 

and seaweed. As an archipelagic country with a 

long coastline of 81,000 km, Indonesia has great 

potential as a producer of seaweed. Several types 

economically valuable seaweed spread over the 

coastal waters off Indonesia, which Eucheuma, 

Gelidium, Gracillaria, and Hypnea Gelidiella [4].  

From Data last five years, Indonesian 

seaweed production reached 7600 tons per years. 

Maluku is the largest production area in Indonesia 

is 78% of the total production, but in fact the 

greatest export through the port of Ujung Pandang 

and very little through Ambon. Seaweed-producing 

areas that until now the province of large Bali, 

West Nusa Tenggara, East Nusa Tenggar, and 

Maluku. Producing region Another West Sumatra, 

Nanggroe Aceh Darussalam, Côte side Java south, 

Thousand Island, Karimun Java, Central Sulawesi, 

Southeast Sulawesi, and South Sulawesi. Type of 

Gracillaria sp. have been cultivated in the area 

Lamongan, East Java, Pangkep and Okaler in South 

Sulawesi [5]. Gracillaria sp. Is the type most 

widely Raw materials used for making jelly.  

Industrial waste gelatin (Gracillaria sp) is 

one source of potential raw material for bioethanol. 

Based on the research by the Research Team 

Engineering Equipment, Marine and Fisheries 

Research Institute (2003), industrial waste gelatin 

to have a cellulose content of 45.9%. Additionally, 

one large plant agar with a production capacity of 

80 tons per month can produce waste fiber as much 

as 56 tons per month [6]. Total industrial waste 

gelatin very high is a huge potential to make an 

bietanol in paper industry.  

There are several ways that people use in 

producing bioethanol Generally the material 

berselulase. The first is to use a strong acid such as 

H2SO4 with concentrations above 10 M. In an acid 

can ligniselulosa hydrolyzed to glucose which then 

separated and kemudain fermented into ethanol. he 

efficiency of this process remains low because the 

process is long and requires many stages. Another 

deficiency of this process is the handling of waste 

acid which is not easy.  

Another way of cellulose to ethanol 

conversion process is to use cellulase enzymes. 

This enzyme can hydrolyze the cellulose into 

sugars following reaction:  

nCH2O + H2O              C6H12O6 

Furthermore, the sugar produced in the 

process will be fermented into ethanol. The 

fermentation process is done simultaneously in a 

reactor hydrolysis so that the process is shorter than 

the use of liquid acid.  

The main constraint of this system is the 

price of cellulase enzymes which are expensive and 

can only used once so bloated production costs. In 

addition, according [8], the efficiency of this 

process is still low because of the cellulase 

hydrolyzed to form a complex with the lignin into 

ligninselulase hydrolysed difficult.  

There are species of fungi such as Mucor 

and bacteria Clostridium indiscus thermocellum 
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which can produce enzymes that can ligniselulase 

ligniselulosa hydrolyze lignin and sugar into the 

next by bacteria [11]. The same is fermented into 

ethanol. The use of beneficial bacteria Another 

breed that is easy to, so as to produce enough 

ethanol Clostridium thermocellum buying once it 

will be cheaper. Moreover with more quantity will 

be the formation of ethanol faster.  

1.1 Goal  

The goal of scientific writing this time is to 

provide a alternative solutions for the impact 

caused by the production of waste gelatin of 

seaweed species Gracillaria sp. with a bioethanol 

used as a source of renewable energy. Also, to 

minimize the wastewater treatment from the three 

stages (hydrolysis, fermentation, and distillation) 

into one step by using the bacterium Clostridium 

themocellum.  

1.2 Problem formulation  

The formulation of the problem is the 

reference in the writing this time starting from the 

potential production of waste gelatin which are not 

being utilized optimal. One of the womb that can be 

used are cellulose, the material that can be used in 

producing bioethanol. Typically, production 

Bioethanol is mechanically less efficient, and 

therefore need to be a development towards the use 

of bacteria (in this case, Clostridium themocellum) 

to summarize the course of bioethanol production 

and processing.  

1.3 Benefit  

In general, the benefits of this paper is 

divided into three objects. First, the benefits to the 

environment will have an impact towards the 

improvement of waste generated by the production 

of these gelatinous. Second, benefits society is a 

concept that can be developed to open a related 

jobs. Third, the benefit for government is to 

accommodate and considerations for developing 

alternative energy ready to be applied nationally. 

Fourth, the benefits for students are as self-

development tools and container as supporting 

creativity.  

2 DISCUSSION 

2.1 Materials and Equipment  

Equipment and materials used when 

producing bioethanol by one stage method, actually 

not too different from the three production methods 

stage, because the principle of making the same 

[10]. It's just that distinguishes is the role of 

bacteria in it. The materials used in this production 

process such waste gelatin and culturing the 

bacterium Clostridium thermocellum. Meanwhile, a 

tool used in bioethanol production is processing 

machines which mainly consists of:  

1. Space reactor and stirrer  

This space serves as a breeding room and 

maintenance of bacterial Clostridium thermocellum. 

Mixer function, among others, to maintain 

immobilization of bacteria and aeration process 

similar to the function stirrer in a bioreactor. In 

addition, it should also be guard-condition 

conditions required by the bacteria to grow and 

develop among others, setting the optimal pH, 

water content, temperature and pressure.  

2. Space heating  

Space heating is a place of burning to obtain 

heat energy that serves as a support for the process 

of distillation. This heat can generated by steam 

generator (boiler) or from direct flame heating. 

However, Such temperature conditions necessary 

arrangements will be stable and easy to set in 

accordance with what is needed by reactors [12].  

3. Vacuum pump  

 In this case, serves as a vacuum suction 

pump ethanol gas generated from distillation to take 

to the condensation device (condenser) [12]. 

Manually, this tool can be dispensed with the 

assumption that ethanol gas generated will be able 

to make the shift to the condenser, although not as 

effective if you use the vacuum pump.   

4. Condenser  

Is a tool used to cool the ethanol gas which 

evaporates during the process of distillation. So that 

at the time of condensation, gas, ethanol it will melt 

back into the character of pure ethanol which is as 

expected. In this it condenses in the condenser pipe 

which forms curved-curved (spiral) with a view to 

expand the surface condenser when given the cold 

temperatures outside.  

5. Reservoir bioethanol  

 As a tool / storage container while 

bioethanol before used or packaged (if used 

commercially). Containers should be referred to 

requirements quality standards in order to stay 

awake until the utilization of bioethanol, which 

includes the effect of temperature and pressure.  
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Figure 5. Bioethanol production machines first stage  

Description:  

1. Vacuum pump  

2. Condenser  

3. Container bucket Bioethanol  

4. Reactor + mixer  

5. Waste extract window gelatin  

6. Heater 

2.2 Bioethanol Production Process  

In principle, a bioethanol production process 

is almost the same stage bioethanol production 

process of three stages. It was only in the 

production process, the third stages are summarized 

into a single stage for the creation of efficient and 

effectiveness of production. The production flow as 

depicted in scheme below:  

 

Figure 6. Bioethanol production flow first stage  

 

Production process with three stages, every 

stage is done by division of space and time. Stage 

of hydrolysis by a bacterium will produce glucose, 

then in the fermentation process are also using 

different types of bacteria when menghiodrilis 

starch / selolusa. This because there are some 

bacteria that are not capable of doing the second 

phase these. After fermentation is successful, then 

the results of these fermentation brought back to the 

place of distillation for ethanol purification 99% of 

other materials. This is considered less efficient and 

effective because of migration in addition to cost 

and where are also relatively longer, making it 

difficult to maintain continued.  

By applying the method of production of 

one stage, third stage intended to be immediately 

implemented in one place. Waste agar-agar Initially 

created to extract, it is intended to clean up waste 

order from other components with the assumption 

that treatment does not damage Waste to waste-

Extracting Process cellulose in the waste. Waste 

then inserted through the place which have been 

provided to the reactor (see figure 4). Inside the 

reactor  

Clostridium thermocellum cultures have 

previously been provided. The bacteria are able to 

hydrolyze cellulose to glucose as well as conduct 

fermentation of glucose produced by him alone. So, 

in the reactor There also will be referred to 

fermented products such as ethanol. 

Simultaneously, the space heaters will continue to 

supply heat to the reactor, between 70-100
o
  

This is done in accordance with the optimum 

conditions which are owned by bacterium 

Clostridium thermocellum to grow up and move 

once the temperature which allows for the ethanol 

evaporates into gas. Heater intended to be done / 

diberikaan directly from the fiery furnace, and 

boiler. In this case more advised to use the boiler to 

ensure easy in regulating the temperature and 

pressure. Stirrer in the reactor is always spinning, 

this is intended to maintain the mobility of bacteria 

that can used continuously and aeration menjagaa 

standards required by these bacteria to live.  

With the help of the vacuum pump, gas will 

go into ethanol done some space to a condenser for 

condensation / condensation. Obtained from 

condensation of moisture which will then be 

bioethanol and ditampunng in the container while 

the temperature setting and pressures that maintain 

the quality of bioethanol for use / commercialized 

to the public. This production capable of running 

continuously, provided that the supply of waste 

water agar containing cellulose remains available, 

as well as maintenance of equipment and bacteria 

in it awake [9]. That is, bacteria existing in the 

reactor must remain supervised in order to stay 

alive and able to metabolic activities optimally.  

2.3 Analysis of Economic Aspects  

Bioethanol production process in one step 

using a bacterial Clostridium thermocellum using 

materials that have economic value namely low 

indsustri waste gelatin. This is a form of utilization 
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of industrial waste gelatin which has never been 

properly utilized tends to be a problem for the 

environment. This is a breakthrough in the use of 

waste goods become more valuable economy.  

3 CONCLUSION  

The energy crisis experienced by the world 

as well as greenhouse gas forcing human to search 

for new, sustainable energy alternatives and 

friendly environment. Bioethanol is an alternative 

effective in answering these challenges. Bioethanol 

production can be done efficiently bacterium 

Clostridium thermocellum with raw materials of 

industrial waste gelatin Gracillaria sp.  

4 SUGGESTION  

Continue to develop the game for media 

development new renewable energy and 

environmentally friendly substitute for fossil fuels 

the thinning through the principle of co-Managemet 

between academia, government related, business 

community and the mass production of bioethanol.  
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ABSTRACT 

Healthy lifestyle ―back to nature‖ nowadays 

is being new lifestyle of people around the world, 

leave old lifestyle which used chemical such as an-

organic fertilizer, synthetic chemical pesticide, and 

growth hormone in farming. Healthy and high 

nutritious food can be produced by a new method 

known as organic farming. 

This lifestyle has large expanded all over the 

world with some guarantees covered food safety 

attributes, nutritional attributes, eco-labeled 

attributes. The consumer preference causes high 

demand on organic farming product in the world. 

Organic product market around the world increases 

up to 20% every year. Because of that, the 

development of organic farming cultivation has to 

be a priority especially for plants with high value in 

order to supply domestic and export needs. 

In Indonesia, application of organic farming 

is still low in quantity. There are some chances and 

challenges in practice. The main chance is a wide 

number of agricultural land and tropical climate 

condition. Otherwise, the low quality of Indonesian 

farmers is being the challenge in organic farming.  

 

Keywords: healthy, organic farming, market,   

chance, challenge. 

 

1 INTRODUCTION 

Agriculture is one of important sector for 

every country in the world. Everyone need 

agriculture to survive their life, i.e. by agriculture, 

we can get the daily food source looks like rice, 

cassava, potato, fruits, vegetables, etc. Based on the 

fact that agriculture related with food security, it is 

important to make agriculture system better than 

before.  

Food security issues are the classical 

problem which is tried to be solved. The data from 

FAO shows that in 2009, more than 1 billion people 

in the world malnourished. In 2050 the world 

population is estimated 9.1 billion people, where to 

meet their food requirement are needed to increase 

food production by 70% or nearly double the 

production of this food (Deptan, 2010). That 

phenomenon shows how important agriculture is. 

Agricultural system which is often applied is 

modern agriculture. It is done because modern 

agriculture system (by using chemical fertilizer) can 

produce a big number of agricultural products at 

short time. However; the negative impact of the use 

of chemical fertilizer and pesticide is felt. Because 

of that people start to miss health agricultural 

product. Due to this case, sustainable agriculture is 

important to be applied. One of sustainable 

agriculture system which can be used is organic 

farming. 

Nowadays organic farming issues began to 

develop along with the increasing awareness about 

food health and quality that is consumed. Other than 

health reasons, organic farming also believed to 

environmentally friendly because it can minimize 

the use of chemicals in their production process. 

Because of the advantage, organic farming product 

has higher price than modern agriculture product.    

Basically, organic agriculture, which means 

re-adopted the system to restore all the organic 

material produced in the soil, either in the form of 

crop and livestock waste. This organic material can 

be further broken down into organic nutrients that 

improve soil fertility. In addition to improving soil 

fertility and crop production, organic farming 

systems are also capable of supporting ecosystem 

balance. In terms of economics, organic farming 

can reduce cost using chemicals such as fertilizers, 

pesticides, and herbicides (Ayub, 2010). 

This paper is an effort to identify the ideas, 

chance, and challenge of sustainable agriculture in 

Indonesia especially organic farming. Because of 

the concept of sustainable agriculture is still 

involving, we intend this paper not as a definitive or 

final statement, but as an invitation to continue the 

dialogue. 
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2 MODEL, ANALYSIS, DESIGN, 

AND IMPLEMENTATION  

Sustainable agriculture is a way of raising 

food that is healthy for consumers and animals, 

does not harm the environment, is humane for 

workers, respect animals, provides a fair wage to 

the farmer, and support and enhances rural 

communities.  This method is an important element 

of the overall effort to make human activities 

compatible with the demands of the earth‘s eco-

system. Thus, an understanding of the different 

approaches to ecological agriculture is necessary if 

we want to utilize the planet‘s resources (Desai and 

Pujari, 2007).  

2.1 Model of Sustainable Agriculture 

Sustainable agriculture is an agricultural 

system that involves several aspect, they are 

ecologically sound, associative economy, socially 

just, culturally appropriate, holistic science, 

appropriate technology, and development of human 

potential. Those element are related each other. The 

correlation between those elements is described in 

figure 1. 

 Based on that figure, political structure, 

business enterprises, science, technology, and 

cultural institution have relation like a circle. Even 

business enterprises, people, nature, cultural 

institution, individual, and inner ecology have 

interrelationship. From that relation we can see that 

agriculture is start from the relation between people 

and nature.  

Nature supply medium for human being to 

farming. This activity was originally only was 

designed to meet the needs of every day. But in a 

system of sustainable agriculture, these activities 

are part of the business needs. In any area 

businesses enterprises directly related to the 

political structure. This is related to the agricultural 

policy issued by governmental bodies and 

procedures for working in the field of agriculture. 

Political structure certainly can not arbitrarily 

determine the policy, particularly in agriculture, 

regardless of the condition of society in the region. 

Because of that, it takes the role of cultural 

institutions in it. 

In the implementation of sustainable 

agriculture not only the relevant aspects of culture 

but also is required the application of science that is 

supported by technology. The purpose of this 

requirement is in order to sustainable agriculture is 

not only just a theory without strong basic but also 

can be a method which can make our agriculture 

better than before. Because of that, to support this 

method, application of technology is needed. It can 

make the method easy to do and to handle. The 

increase of sophisticated technology makes the 

price of products more expensive. So that, the 

present of science and technology directly impact to 

business enterprises. 

 

 
Figure 1. Generic Model of Sustainable Agriculture 

Source: http://www.cadi.ph 

 

Cultural institution not only related to 

technology that is applied in sustainable agriculture 

but also to subject who is involved inside. All of 

subjects are part of inner ecology that will be built 

through the sustainable agriculture. 

2.2 Analysis of Organic Farming as 

Sustainable Agriculture System 

Sustainable agriculture is an effort to solve 

agricultural problem, especially food security,which 

is happened in some area, in this case is in 

Indonesia. There are several technologies which can 

be applied in sustainable agriculture, they are 

integrated pest management, organic farming, 

LEISA (low-external-input and sustainable 

agriculture), and Fukouka model in natural 
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agriculture. 

In this case we want to offer about organic 

farming as technology in sustainable agriculture. 

Organic farming is farming production system 

which avoids or limits the use of chemical fertilizer; 

pesticide, herbicide, and controller grow substance.  

The main purpose of organic farming is to supply 

agricultural product, mainly food material which is 

safe for producer and consumer, and not damage the 

environment. Organic farming will give many 

advantages reviewed from side of increasing soil 

fertility and increase crop production and livestock, 

and from environment side in survive environment 

balance, beside that  from the economic side, it will 

keep more foreign exchange for imports of 

fertilizers, agricultural chemicals, and provides 

many employment opportunities and increase 

farmers' income.   

In principle, organic farming in line with 

development agriculture with low technology inputs 

and it is the efforts towards sustainable agriculture 

development. Harwood (1990) in Rachman (2002) 

explained that there are three important agreements   

in sustainable agriculture building: increased of 

farm product with natural resource efficiency, 

biological controlled in agriculture system (not 

being depends on non-agriculture system), and 

increased close process of soil nutrients recycle. 

People who care in health way life have a mindset 

that a guarantee of agricultural product is the 

product that has food safety attributes, nutritional 

attributes, and eco-labeled attributes. That consumer 

preference caused the world demand of organic 

farming product increase (BPTP Sumbar 2010). 

In practice, geographic profile all over the 

world has a big deal in organic farming. 

Geographical conditions of each country are 

different. It causes the product of organic farming 

different in each country. That depends on the 

supply of sun, nutrients, water, and soil.  

Indonesia has a big chance to compete   in 

international trade although in step by step. This all 

due to any plus point in agriculture such as a large 

open access to expand organic farming, the 

availability of supported technology in organic 

farming such as compost making, plant without soil 

treat, natural pesticide, etc. 

Indonesia is located at 6 degrees north 

latitude and 11 degrees south latitude and 95 

degrees west longitude and 141 degrees East 

Longitude. The location of latitude and longitude   

shows that Indonesia has a tropical climate. This 

climate supports enough for the existence of 

agriculture in this region. The present of nutrients, 

water, sun, and soil can increase agricultural potent 

in it. Conditions such as these it is possible for 

Indonesia to implement organic farming systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure2. Mind Map of Analysis Sustainable Agriculture System   

Organic farming has a good prospect in 

economy. In Indonesia, organic product such as 

vegetables is most popular in consumer from 

middle to wealthy. Most of them choose to pay 

more expensive due to the quality and safety of the 

product. If a part of an-organic area is converted to 

organic, conventional market competition can be 

avoided because of the difference consumer target. 

Organic products are usually exported to Malaysia 

or Singapore or modern market.    

Healthy and nutritious food can be produced 

by organic farming method. This method has low 

risk in environment and consumer health. The main 

target of organic farming is the safe foods with free 

or limited pesticide, herbicide, synthetic fertilizer, 

heavy metal, and many others. 

2.3 Implementation of Organic 

Farming Product 

Organic farming produces some variance 

commodity. Some categories of the organic product 

are paddies, organic vegetables (broccoli, red 

cabbage, chayote, spinach), fruits (jackfruit, durian, 

mango, orange, mangos teen). Plantations (coconut, 

nutmeg nuts cashew, clove, pepper, vanilla and 

coffee); Spice and medicine (ginger, turmeric, 

Curcuma and meet with other findings), livestock 

(milk, eggs and meat) (litbang Deptan,2002). 

LEISA 
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Source: http://www.bps.go.id/tab_sub/view. 

The chart above shows that average of 

vegetable production in Indonesia is increase 

relatively every year. That data is combination 

between organic product and an-organic product. 

Based on the fact, it can be predicted that Indonesia 

is able to be producers of organic farming product. 

By change the agricultural system from modern 

agriculture to organic farming, support from 

government and good cooperation with farmer, be 

sure that Indonesia can realize it. 

3 RESULT 

Indonesia region is potential to apply organic 

farming. The opportunity of Indonesia as world 

organic food producer is big enough. Beside has 

20% of tropical agriculture, very diverse germ 

plasma, availability of organic materials also quite a 

lot. But according to IFOAM (International 

Federation of Organic Agricultural Movement) 

Indonesia still use 40.000 ha (0.09%) of agricultural 

land for organic farming, so It is still required 

various programs together synergistically to provide 

Indonesia as one of the nation's leading producers 

of food organic. 

Tropical climate of Indonesia is natural 

resource capital outstanding where various 

vegetable, fruits, food crops, and many flowers can 

be cultivated all year round. The survey of 

Indonesia Central Statistical Agency (2000) shows 

that Indonesia vegetable production, such as onions, 

cabbage, mustard greens, carrots, and potatoes 

respectively 772.818, 1.336.410, 484.615, 326.693 

and 977.349 tons in total area 291.192 ha (BPTP 

Sumbar 2010). In addition, a survey conducted by 

the Directorate of Vegetable, Ornamental and 

Miscellaneous Plants show that the needs of a 

variety of vegetables in 8 supermarkets in Jakarta, 

about 766 tons per month, of which about 5% is 

imported vegetables. 

Indonesia has been circulating organic 

agricultural products from local production such as 

organic rice, organic coffee, organic tea, and some 

others. Likewise, there are products such as 

pesticide-free vegetables produced by the Cangar 

Experimental Station, Agricultural Faculty, 

Brawijaya University, Malang. Even thus, organic 

product which in Indonesia market is limited both 

number and variety. 

Actually organic farming system has been 

applied log time ago in several countries, such as 

Japan, Taiwan, South Korea, and USA (Koshino, 

1994). Organic farming development in that nation 

make progress because of the fact that agricultural 

products, especially fruits and vegetables grown 

with organic farming systems have taste, color, 
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aroma, and texture which is better than an-organic 

farming system. 

 Indonesia has already processed a standard 

that straighten up about organic foodstuff, it is 

Standard Nasional Indonesia (SNI) 01-6729-2002 

about Organic Foodstuff Systems. 

The trend lately seems to people who care 

about health, so the development of organic farming 

products has very good prospect. Market 

opportunity is opened largely because market 

demand still has not fulfilled yet, on the other hand, 

the trend of market demand increase equivalent 

with the growth of population. Producer who has 

good skill and experience can make minimum 

production cost because the use of local input is 

very high. Beside that, selling price in the 

international market is higher. In local market 

selling price of organic product is higher too, if it 

has good appearance and promotion. 

In application of organic farming there are 

some challenge and chance that is often happened. 

The challenges of organic farming are the low 

quality of Indonesia farmer cause comprehension to 

the importance of organic product is low, Indonesia 

farmers think practice and instantly (they prefer to 

use pesticide), socialization and promotion of 

organic farming superiority to traditional farmer is 

less, minimum training and illumination about the 

practice of application organic farming to the 

farmer, the need of continue controlling, the number 

of organic farming specialist just a little. 

The chances of organic farming are 

international and local market object (selling price 

of organic product is higher) increase because 

people began aware about the importance of healthy 

food, growing prosperity of traditional farmers, 

increasing foreign exchange, agricultural land in 

Indonesia still large, geographic condition and 

tropical climate support organic farming activity, 

supporting factors of organic farming can be gotten 

in Indonesia easily (example: compos, etc). 

 

 

4 CONCLUSION AND DISCUSSION 

Organic farming is one of sustainable 

agriculture technology which is suitable to be 

applied in Indonesia due to the number of chances. 

It is high potent to improve the farmer‘s income and 

foreign exchange. But there are many challenges 

have to be solved. 

Respond to this case, to answer the 

challenges of organic farming, it is better to held 

sustainable training for Indonesian farmers. In 

addition, the illumination is also very important to 

make them understand about the organic farming 

and healthy food. By this way we hope that the 

healthy rate of Indonesia will be increase. 
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ABSTRACT 

 Our concern about air pollution is 

essentially a reflection of the accumulating 

evidence that air pollutants adversely affect the 

health and the welfare of human beings. Extensive 

effects research has established that air pollutants 

affect the health of humans, animals, damage 

vegetation and material, reduce visibility and solar 

radiation, and affect weather and climate.  

 A large number of food, forage, and 

ornamental crops as well as trees have been 

identified to be damaged by air pollutants. The 

effects are in the form of leaf damage, stunting 

growth, decreased size and yield of fruits, and 

wilting and destruction of flowers. 

  

Keywords: Air Pollution, Vegetation, Trees. 

 

1 INTRODUCTION 

The term pollution is used to describe the 

admixture of any foreign substance which we 

dislike with something pleasant or desirable. 

Atmospheric pollution, therefore, is an undesirable 

substance mixed with the open air. Any 

objectionable gas in the air is atmospheric 

pollution, whether it is harmful or merely 

unpleasant, but this definition does not apply only 

to gases. The air frequently contains solid particles 

or tarry droplets, less than about 10 μm in diameter, 

which continue in suspension for a long time. Since 

any particulate matter is liable to cause trouble, 

these aerosols, as they are sometimes called, are all 

atmospheric pollution, irrespective of their 

chemical nature. Also, by general consent, the term 

atmospheric pollution is applied to larger particles, 

when these are lifted into the air by the wind or 

emitted from a chimney. Although the largest 

particles escape from the atmosphere relatively 

quickly by falling to the ground, they are capable of 

causing damage and intense irritation. Finally, there 

is the risk of radioactive materials in the air, in 

amounts sufficient to injure public health, whether 

directly or through selective absorption by food 

plants and animals. 

 Agriculture is on the receiving end of air 

pollution. It accepts what is put out and it tries to 

make the best of it. Zimmerman (1950) explained 

that plants are most sensitive in many respects to 

some chemicals and impurities than animals, but to 

other animals are more sensitive. Plants can detect 

chemicals in lower concentrations in the 

atmosphere than people do. 

 In any study of atmospheric contamination 

which causes injury to vegetation, sulfur dioxide is 

usually given first consideration because of its well-

known effects on plants and because it is often 

present in greater amounts than other contaminants, 

arising as it does from the combustion of all fuels 

and sulfide ores.. Even when sulfur dioxide is not 

the major contaminant or is not the cause of the 

injury to the vegetation may be a useful index to the 

over-all contaminants. Other important atmospheric 

contaminants which can cause injury to vegetation 

in particular places include hydrogen fluoride, 

sulfur acid aerosols, and certain yet unidentified 

organic compounds.[4] 

2 DESCRIPTION 

2.1  Trees 

Trees or forest growth can be interpreted as 

a budget and be itemized as incomes, expenses and 

savings. Photosynthetic production can be signified 

as income, respiratory loss as expenses and growth 

as savings. Sequestered carbon by trees in 

plantation for industrial material supply plantations 

(industrial plantations) in the tropics is estimated at 

about 10tC/ha/year in good sites. The carbon 

accumulated by tree planting to rehabilitate 

degraded land (rehabilitation forests) is no always 

less than that of industrial plantations.[2] 

Forest growth means the increasing storage 

of carbon dioxides and the size of forest. The forest, 

nonetheless, has limitation in size and it will be 

occupied to the fullest extent by carbon dioxide, 

eventually. That is the stage of the climax forest, 
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and in terms of carbon dioxide and forest relation, 

there is no more carbon dioxide coming into at this 

stage. This signifies the stage of no more room for 

the role of forest to play role in carbon 

sequestration.[2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 1. Carbon cycle in life 

(www.kentsimmons.uwinnipeg.ca) 

If a forest fire occur, carbon dioxides would 

get released into the atmosphere just in the same 

manner as the carbon dioxide gets released from the 

forest when it catches on a fire. In the long term 

perspective, such as 200 to 500 years, the carbon 

dioxide exist only temporarily in the trees or forest 

because of the life cycle of trees or forests and 

because such naturally caused damages on forest as 

natural fire, cyclone, et., occurs frequently. 

Therefore, there is no room for the forest to play its 

role in carbon dioxide sequestration when 

considering such a long time span. For this reason, 

when we evaluate the role forests in carbon dioxide 

sequestration, time span should always be kept in 

our mind .[2] 

2.2 Air Pollution 

The term pollution is used to describe the 

admixture of any foreign substance which we 

dislike with something pleasant or desirable. 

Atmospheric pollution, therefore, is an undesirable 

substance mixed with the open air.[3] 

 Some atmospheric pollution, notably that 

of natural origin, and dust emission from quarries 

and, more recently, the reintroduction of open-cast 

mining is produced in the open air. More 

commonly, The constituents are produced indoors 

under conditions which are more or less controlled, 

and are then discharged into the open as the most 

convenient way to get rid of them.[3] 

 In the 1950s it was estimate that over 8 

million ton of atmospheric pollution were produced 

each year in Great Britain from the combustion of 

coal and its derived fuels. This caused far more 

damage than pollution from any other source, even 

from decaying vegetation, the evaporation of sea 

spray or windblown dust. Although current damage 

due to combustion derived pollutants is noticeably 

less it is still important economically and continues 

to be the most serious source of atmospheric 

pollution.[3] 

2.3 Source of Air Pollution 

Nearly all the atmospheric pollution in 

Britain is made by the burning of fuels, although 

there are contributions from fuel handling, chemical 

processes and natural sources. 

 

 
Picture 2. Potential of forest fire caused by weather 

(www.bmkg.go.id) 
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2.3.1 Smoke 

Smoke is the term normally applied to the 

visible products of imperfect combustion. Smoke 

has the important property that, because of the 

small size of its particles, it behaves in many ways 

like a gas and has the same powers of penetration. 

The average diameter of a smoke particle is about 

0-0,75 μm. Smoke also sticks to the outside of 

buildings, for rain will not wash it away, unless the 

stone is slightly soluble or very smooth.[3] 

 

 

Picture 3. Smoke from industry (www.majarimagazine.com) 

 

2.3.2 Sulfur dioxide 

Sulfur dioxide is formed in considerably 

quantity when coal, coke or certain fuel oils are 

burnt. Though it is not so chemically active as 

sulfur trioxide, hydrochloric acid and the fluorine 

compounds which are also liberated during the 

combustion of coal, it is emitted in much greater 

quantity and is thus capable of doing more harm.[3] 

 

 

Picture 4. Chart of SO2 at DKI Jakarta in October 2010 
(www.lapan.go.id) 

 

 

 

 

 

Picture 5. Chart of SO2 at DKI Jakarta in November 2010 
(www.lapan.go.id) 

2.3.3 Carbon monoxide and Carbon 

dioxide 

Concentration of carbon monoxide from 10 

to 70 mg m
3
 are common in busy streets; 

concentration of 120 mg m
3
 or more are considered 

dangerous. Most of it is due to the incomplete 

combustion of petrol in internal combustion 

engines; properly adjusted diesel engines burn a 

―lean‖ mixture and produce very little carbon 

monoxide. Although the incomplete combustion of 

coal and coke also produces carbon monoxide, it is 

doubtful whether enough of this could reach street 

level to be a danger to health.[3] 

Carbon dioxide is a normal constituent of 

the atmosphere necessary to vegetable life, but an 

unpublished observation from the British Oxygen 

Company‘s works in Greenwich, where carbon 

dioxide has to be removed from the air before it is 

liquefied, indicates that during the London smog 

and fogs of the fifties the concentration of carbon 

dioxide was well over twice than normal amount. A 

sufficiently high concentration, of about 10 or 100 

times normal, would accelerate human breathing 

and enhance the effects of poisonous gases. It also 

enhances photosynthesis by plants, which take up 

the excess carbon dioxide together with any other 

noxious gases present.[3] 

Picture 6. CO emission source in Australia from 1999-2000 
(www.npi.gov.au) 
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Picture 7. CO emission source from transportation in Australia 
from 1999-2000 (www.npi.gov.au) 

2.3.4 Nitrogen oxides (NOX) 

There are three major oxides of nitrogen, 

known collectively as NOX, Nitrous oxide, N2O, is 

only produced naturally. Both nitric oxide, NO, and 

nitrogen dioxide, NO2, are emitted 

anthropogenically. Both result from oxidation of 

nitrogen present in fossil fuels and more commonly 

from nitrogen in the air used into the combustion 

process. Vehicles emit large concentrations of nitric 

oxide which is rapidly oxidized in the atmosphere 

to nitrogen dioxide -- a reaction heavily implicated 

in the formation of photochemical smog.[3] 

 

 
Picture 8. Chart of NO2 at DKI Jakarta in October 2010 

(www.lapan.go.id) 

 

Picture 9. Chart of NO2 at DKI Jakarta in November 2010 
(www.lapan.go.id) 

2.4 Agriculture 

Air pollution in relation to agriculture 

involves plants in a number of different ways. 

Some species help to detect contaminated air 

because they make specific responses when certain 

impurities are present.[4] 

Plants are more sensitive than animals to 

atmospheric smoke and sulfur dioxide, though this 

is not true of all forms of pollution. For instance, 

grass assimilates an appreciable proportions of 

fluorine without harm. Smoke is particularly 

harmful to plants and it has been showed that 

radishes and other plants lose from half to nine-

tenths of their growth in a polluted atmosphere, if 

they survive at all; that soil loses its stock of 

accessory plant foods very rapidly under the action 

of polluted rain; and that the amount of pollution in 

any particular district may be inferred with 

remarkable accuracy from the type and condition of 

the vegetation.[3] 

 

 

Picture 10. Trees damaged by sulfur emissions at Czech 

Republic (www.tropical-rainforest-animals.com) 

3 RESULT 

Experiments at Boyce Thompson Institute as 

said in Zimmerman (1950) were designed to study 

the effects of low concentration (0,1 – 0,2 ppm) on 

plants grown under different conditions. 

Temperature, water supply, nutrient supply, sulfur 

content of nutrients and age of the plants were 

among the factors studied. Alfalfa was used as a 

test object. Briefly the results were as follows: 

1. The plants were more resistant to sulfur 

dioxide at 40
O
 F, or below than at higher 

temperatures. 

2. Minor variations in soil moisture did not 

change the susceptibility of plants to sulfur 

dioxide. When the soil became dry enough to 

cause slight wilting, there was a marked 

increase in resistance to the gas. 
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3. The sulfate content of the nutrient supply 

had no effect on susceptibility to the gas. 

However, sulfur dioxide supplied by way of 

fumigation (0,1- 0,2 ppm) increased the 

growth rate of sulfur-deficient plants. This 

implied that plants can utilize sulfur dioxide 

as a source of sulfur for growth. (In this 

connection reference should be made to the 

work of Thomas et al, who verified and 

extended the work in a number of ways). 

4. There was a tendency for plants to recover 

between treatments if enough time elapsed; 

under these conditions, pretreatments did not 

increase susceptibility. 

5. Susceptibility to sulfur dioxide gas was 

affected to some extent by environmental 

conditions under which plants grew prior to 

treatment. When fumigated together under 

the same light intensity, plats previously 

grown in direct sunlight were more resistant 

than plants previously grown in shade (about 

65 percent reduction of light). Reduction of 

light up to 35 percent before treatment had 

no effect on susceptibility. In general the 

susceptibility of all plants during treatment 

increased with light up to full sunlight. 

6. Wetting the leaf surface had no effect on 

susceptibility. 

7. Young plants were more resistant to sulfur 

dioxide than old plants. The middle-aged 

leaves were most susceptible to injury, and 

the older leaves were marked before the 

young leaves. 

In some cases, even beneficial effects of 

certain air pollutants acting as nutrients to forest 

ecosystems have been pointed out. W.H. Smith 

(1981) in Arya (1999) has classified the 

relationships of air pollutants with forests into three 

categories, depending on the pollutants does levels. 

Under low-dose conditions, forest ecosystems act 

as sinks for atmospheric pollutants and in some 

instances as sources. The interaction 

4 CONCLUSION AND DISCUSSION 

Plants are more sensitive than animals for air 

pollutants though this is not true of all forms of 

pollution. There are results of the experiments that 

plants can resists in some conditions with different 

treatment. Otherwise, air pollutants could become 

nutrients for forest ecosystem. Under low-dose, 

forest can sinks atmosphere pollutants and in some 

instances as sources. From the results, we can make 

an action how to –at least a little – to prevent the air 

pollution for agriculture. It is because air pollution 

relation to agriculture involves plants in a number 

of different ways. 
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ABSTRACT 

Severally wells constitute technology with 

simple irrigation system which is intended to 

facilitate farmers in marginal lands in irrigating 

their land. The government supports the provision 

of severally wells and pay very much for the 

success of this program. However, there are 

differences in perspective between the societies as 

the receiver of technology with the government. In 

fact, there are even severally wells that were 

abandoned by society. 

Research on the application of severally 

wells is done in village Ngentak, Poncosari district, 

Bantul, Yogyakarta. Severally wells which should 

have been used by the sand land farmers, in fact 

were abandoned as people there do not really eager 

to cultivate the land. This study is using 

ethnotechnology perspective with ethnoscience 

approach to see how local people's perspectives on 

severally wells. The basic point in this perspective 

is that people have their own values, systems of 

thought, and culture that surrounds them. 

The results showed the system of thought 

from a pragmatic people. They do not like the work 

that is inefficient, and the gap between process and 

outcome is quite long. The people of Ngentak 

hamlet prefer to have kind of work which promise 

them every day-money. This is caused by high 

levels of economic needs that do not tolerate the 

time lag in their views. The program of the 

government is also regarded as a 'gift' which makes 

them does not have high sense of belonging. Such a 

view causes the new technology cannot be fully 

accepted and utilized optimally by the society. 

 

Keywords: severally wells, ethnotechnology, 

ethnoscience, perspective, system of thought 

 

1 INTRODUCTION  

In the application of technology to society, it 

is often encountered the problems of abandonment 

of technological equipment which should be 

exploited properly. In various books on issues of 

technology and cultural communities are noted how 

the cultural perspective and society paradigm 

contributed greatly to the success or failure of 

technology implementation on society. For 

example, Spicer book titled Human Problems in 

Technological Change presents quite a lot of issues 

regarding the influence of culture and society 

paradigms in the change of technology in various 

parts of the world. Various issues concerning about 

this gives the views that technology can not 

necessarily be applied in the society, because it has 

a culture system that affects his perspective on the 

environment around him, including the novelty of 

the technology given to him. Technology providers 

often ignore this by assuming that the technology 

which they implement will definitely have a 

positive impact regardless of the point of view of 

society which may differ from their perspective. 

Berger (1974, xii) revealed that each man 

knows his own world better than outsiders 

(including the experts who make policy). Thus, 

culture systems that include the perspective toward 

environment and human life or society becomes 

very important to be observed before the 

technology experts and the government provides 

the policy of technology application in a particular 

society. 

In fiscal year 1999/2000, the Ministry of 

Public Works built severally wells as irrigation 

systems in south coastal beach, Bantul, Yogyakarta. 

The working principle of the severally wells is the 

water from drainage that should be scrapped, used 

by pumping the water to the main reservoir. Then 

from the main reservoir the water flowed by gravity 

into the divisor reservoirs, in order to be closer to 

agricultural land which is going to be irrigated. 

Every divisor reservoir equipped with tap to 

regulate the distribution of water to the tertiary 

network. In the tertiary network, the severally wells 

has been available with each other are connected to 

pipes. The principle works like related-vessel 

system. The diameter of severally wells is 

approximately 0.80 meters with an average depth of 
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0.50 meters. Severally wells placed in such a way 

with a certain height and distance on average from 

3.00 to 4.00 meters. Its purpose is to bring water to 

the plant. Water delivery system to the plant is to 

use gembor. 

The construction of irrigation system on the 

south coast of Yogyakarta constitutes the 

development of marginal land use on the texture of 

sandy land for horticulture crop cultivation. The 

land that is managed in Bantul area is 1517.30 Ha. 

The sandy land local farmers actually have 

cultivated the marginal areas. The source of water 

they used is groundwater exploited by using a 

pump. Pumps Infrastructure is increasing from day 

to day. When this phenomenon is allowed to 

persist, it is very likely seawater intrusion will 

occur. Therefore, the Department of Public Works 

by Leading DIY Irrigation Project was started to 

provide Investigation and Design in the southern 

coastal sandy land. Source of water used is surface 

water discharge resulted from some irrigation areas 

surrounding. In addition, rain water and river water 

stored in the main reservoir is also used as a source 

of water for irrigation with severally wells system. 

The aims and objectives that are considered 

"good" by the government might not in line with 

the reality happen on the location. This article tries 

to see the application of severally wells in the 

Ngentak hamlet. This Hamlet is a part of Poncosari 

village, Poncosari district, Bantul regency, 

Yogyakarta, which has great potential in 

agricultural sandy land because of its geography 

site is facing the South coast. In the hamlet which is 

also constitutes the location of Pandansimo beach 

has 77 hectares of sandy land area (the status is 

Sultan Ground area) with great potential for 

planting agricultural crops. 

Unfortunately, the fact found in the field is 

that agricultural sandy land becomes barren area 

that is not explored. The severally wells that should 

have become facility to increase agricultural 

production is no longer used by the local 

community since 2003. The project which is worth 

more than three billion dollars is abandoned. The 

severally wells are no longer working properly. The 

severally wells now are even used by the local 

residents to plant cemara udang tree along the path 

toward the beach. 

This research started from the question of 

why severally wells technology which is already 

provided by the government to assist the 

agricultural sandy land in Ngentak, Bantul, is 

abandoned, whereas the government has spent 

billions rupiahs for this project. The purpose of this 

study was to find out how the people of Ngentak 

views toward technology of severally which causes 

the abandonment of it. To see the problems, this 

study uses ethnotechnolgy perspective with 

ethnoscience approach which focuses on the human 

dimension of meaning and knowledge about the 

environment. Ethnoscience approach is expected to 

provide knowledge about different view between 

the society as the user of technology and the 

government as a technology provider. This research 

is expected to be material inputs to the government 

to pay more attention to cultural insights every 

times it will apply the technology in society.  

Past research which has provided 

considerable input in this research is a study with 

ethnoscience method performed by Ahimsa Putra in 

2007, entitled Sungai dan Air Ciliwung, Sebuah 

Kajian Etnoekologi. This study revealed a 

difference in perspective between people in 

Ciliwung with the government about Ciliwung river 

water. Sanitary facilities which has been provided 

by the government is not widely used by people 

there, because they have their own viewpoint on 

Ciliwung river water which is considered unhealthy 

by the government. This research is providing input 

on the application of the method ethnoscience in 

viewing the matter of society the novelty given to 

them. 

2 ETHNOTECHNOLOGY-

ETHNOSCIENCE APPROACH 

Application of technology is supposed to 

pay attention to the aspects of the cultural system 

and society‘s way of thinking, so that technology 

applied is really suitable to the needs of the 

community. In other words, the application of 

technology is expected to pay attention to aspects 

of cultural insight. Culture-oriented technology can 

be defined as any attempt to change the equipment 

and knowledge about the equipment to be better 

quality by using the existing knowledge of local 

society (ethnic) as the base, and new knowledge 

from outside as the driver of the process of 

changing it. This knowledge includes not only the 

various classifications of the physical elements of 

the environment, but also the rules, norms, values 

and different view of life to guide, control and 

determine the manifestation of behaviors and 

actions on the environment. So also include the 

prohibitions, imperatives, and a variety of views 

about good and bad, to be followed in daily life 

(Ahimsa-Putra, 2003:5).  

Research on the technology vision of this 

culture can be referred to the research of 

ethnotechnology perspective. The aim of the 

research with this perspective is to search cultural 

insights and perspective of society on  technology. 
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This research will be carried out by using 

etnoscience approach; a way to examine problems 

in the community with cultural approach. 

Ethnoscience also known as cognitive anthropology 

that emphasizes the cognitive data; to what the data 

generated might reflect what in people's heads 

examined is. Ethnoscience provides research results 

in the form of the scheme, a special table, 

taxonomy, in deeper analysis. The ultimate goal of 

ethnoscience approach is to get opinions of 

indigenous (native) with respect to life about his 

view toward his world (Ahimsa-Putra ,1986:110-

111).  

Ethnotech- Ethnoscience perspective, 

according to Ahimsa-Putra (2003:6) will greatly 

assist researchers to comprehend technology 

applied from the view of society (technology 

receiver), because through this perspective the 

researcher will be able to find out what dimensions 

of environment and technology that is owned, that 

are considered important by society. The 

development of technology and knowledge based 

on an understanding of these dimensions will be 

able to make the technology and knowledge 

developed from there will not be too strange later, 

because there have been 'cognitive participation' in 

developing technology. 

With the provision of knowledge systems 

that exist within a society or their ethnoscience, 

development planners or technology developers 

will be able to determine a more appropriate 

measures and ways that fit with the views of the 

society to be built in compiling and running the 

programs. From ethnoscience it will be known 

which ideas that may be appropriate or not. 

Therefore, if a development program or 

technological development desired to be 

successfull, then ethnoscience perspective can not 

be abandoned altogether. 

The use of ethnotech-ethnoscience approach 

in community development, according to Ahimsa-

Putra (2003:7), will allow us to do some things that 

are useful and better than what has been done in the 

past times in Indonesia. First, he wrote, we will be 

able to do the development of science and 

technology in a 'democratic', because of the owner 

of knowledge and technology, participate in forms 

of 'cognitive participation'. Such participation is 

more important than physical participation or 

directly involvement in the field, because the 

cognitive system is a system that became the 

foundation or a guide to human behavior.  

Second, we will be able to generate new 

technological devices that will not be so strange to 

our society. Such technology device itself will be 

felt more familiar, and therefore it will be more 

quickly accepted by the communities in Indonesia, 

rather than high-tech devices which often raises 

'technology illiterate' among some citizens of 

Indonesia. 

Third, development and empowerment 

ethnoscience and etnotechnology means also the 

preservation of one of the most valuable cultural 

heritage, because ethnoscience and etnotechnology 

is the principal means of human beings to survive 

and preserve the species. Preservation ethnoscience 

and etnotechnology itself also means preservation 

of cultural diversity that its very important function 

for human life.  

 Fourth, development and empowerment 

ethnoscience and etnotechnology means lifting the 

status of knowledge and technology, the various 

ethnic / local is at the level equivalent to the mode 

of science and technology which is dominant today, 

and this means also equalize the position and 

relationship between ethnoscience and 

etnotechnology with science and technology that 

'modern' and 'high', which has been crippled all this 

time.  

Fifth, development and empowerment 

ethnotechnology and ethnoscience will encourage 

synergy, cooperation, and mutually beneficial 

relationship between the three social groups who 

have important positions in society: 'ethnic / local 

scientists '; socio-cultural scientists and physical 

scientists. 'Ethnic scientists ' donated ethnoscience 

and ethnotechnology information; socio-cultural 

scientists describe, analyze and 'translate' 

ethnoscience and ethnotechnology it into the 

'language' of science and modern technology 

together with physical scientists, and physical 

scientists develop the technology further, create a 

new technology based on ethnoscience and 

ethnotechnology obtained. 

3 DISCUSSION         

In general, the aim and purpose of the 

government to build the irrigation system in the 

sandy land south coast are: first, to optimize the 

utilization of water from drainage to meet the needs 

of irrigation on sandy land. Second, to prevent 

exploitation of ground water continuously by the 

society, so that the sea water intrusion will not 

happen. Third, to increase income and welfare of 

local farmers. 

These objectives seem to provide many 

benefits for the beneficence of present and future. 

However, society has their own cultural insight 

which is interesting enough to be noticed. The fact 

that happen in the Ngentak hamlet is that only a 

few of people who cultivate on agricultural sand 
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land. In the area of Pandan Asih II, there were only 

a handful of people who are very active planting on 

the sandy land, namely the chief of RT (Rukun 

Tetangga) and his son in-laws, while in Pandan 

Asih I there is nobody cultivates the sandy land. 

The sandy land then becomes barren and not 

exploited well. The severally wells Increasingly 

looks more abandoned among the barren sandy land 

that is not explored, as can be seen in the picture 

below. 

 

 

Figure 1: abandoned severally wells in barren land of Ngentak 

The example given by the chief of RT which 

is very active in sandy land farming, and has 

successfully harvested several times was not 

followed by his people.  

He stated ―Warga di sini banyak yang lebih 

memilih nambang pasir di Kali Progo. Susah diajak 

nandur. Kalau nandur kan butuh waktu lama untuk 

dapat uang. Ya, maklumlah…di sini banyak warga 

yang ekonominya sulit, jadi butuh dapat uang 

cepat.‖ ("Most of people here prefer to mine the 

sand at Kali Progo. They are difficult to ask to 

plant. Planting takes long time to get money. Yes, it 

should be known here ... many residents whose 

economy is tough, so they need money fast.‖) 

This statement is supported by data from 

BPS Bantul (2007), which indicates that the 

population of Poncosari Village numbered 13,269 

people in 3679 heads of families, and of that 

number there are 1028 of them are in poor 

condition. Residents of livelihood as farmers are as 

many as 215 people, 190 fishermen, miners sand 

360 people, 222 people does not work, and the rest 

doing other work. 

From these data, it appears that the interest 

of the work to become sand miners is quite large. 

Daily needs that are high and urgent make people 

think pragmatically to be day laborer. Kedaulatan 

Rakyat newspaper (June 2
nd

, 2010) wrote that sand 

mining activities in Bendo hamlet, Trimurti, 

Srandakan increasingly alarming. Although there 

are regulations that prohibit mining, residents 

continue to take sand and stone from the Progo 

River. According to the Head of Bendo hamlet, 

Partono, nearly 80 percent of approximately 600 

residents dependent to Progo River materials. Even 

because of so many mining operations, the furrows 

are getting so wider that could collapse at any time 

when rain falls. "Residents and officials aware of 

these activities damage the environment," he said at 

the mine location. 

 

 

Figure 2: sand miners at Progo River 

Sand excavation activities in the region of 

Srandakan, Bantul is still an unresolved issue. The 

government is aware of the danger of sand mining 

can not do much. One of the miners claimed to 

have given five goats by the city government of 

Bantul to stop doing mining and turned into 

ranchers. But it did not work. He said that sand 

mining profession in Progo Risvers is the work that 

he had done for years. He also feel disappointed to 

see many people are digging with heavy equipment 

on the grounds with the excuse for normalizing the 

Progo River (www.suararadio.com). 

According to a miner, he received Rp 50,000 

from one truck that contains the size of 4 cubic 

stone. The money then divided to the numbers of 

miner who gather stones for a single truck in 

groups. If one groups of miners contain 5 persons, 

then they only receive Rp 10,000 per person for one 

truck of stones. 

The sand mining which promises everyday-

money, although it is not too much, really attracts 

people to work as miner. The Sultan Ground, which 

has been provided for the people in South coastal 

area can not be explored optimally then, even 

though the government has provided irrigation 

facility, namely severally wells. Damage to the 

environment on the mining of sand and long-term 

investment in the land of sand might not become a 

consideration to the residents. The needs of today 

are to be met today.  

Various success story of agricultural in the 

sandy land has also been shown by PT INDMIRA, 

a company engaged in agriculture, who rented land 

in Ngentak for research. Various kinds of 

http://www.suararadio.com/
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agricultural crops such as rice, beans, peanuts, chili, 

eggplant, etc. thrive in agricultural land of 

INDMIRA. This means that the sandy land has 

good prospective for planting. In addition to change 

the barren sandy land into productive land, the 

agricultural sandy land also provides economic 

benefits if the farmers could grow the plant well, as 

INDMIRA had done. 

 

 

Figure 3: high quality peanut harvest in INDMIRA 

 

 
 

Figure 4: good quality bean harvest in INDMIRA 

Unfortunately, this success also does not 

move the residents to cultivate the land. A resident 

who asked why he has no desire to follow the 

success story of INDMIRA states, "walah, modale 

akeh mbak!"(gee.., the capital is much, mbak!) 

This statement was enough to give an 

answer why people do not wish to work on 

agricultural sandy land. Keep in mind also that 

INDMIRA provides special treatment for 

agricultural in sandy land. Before planting, the land 

that has been dug with a particular depth is given a 

special sheeting to prevent the rapid infiltration of 

water into the sand. In addition, plants also 

provided protection with paranet to prevent 

excessive ultraviolet light considering the intensity 

of the sun on the beach area is quite high.  

Various agricultural needs in the sandy land 

such as terpal and paranet was quite expensive. 

This makes people have strong reason for not 

cultivating the sandy land. Besides requiring a lot 

of capital, the farmers need relatively long time to 

wait until harvest time and to earn money, whereas 

their daily needs are very urgent to be met. Thus, 

sand mining became an attractive option and 

ultimately the people abandoned the farming in 

sandy land. The severally wells in this land then 

seems do not have the meaning. 

 

 

Figure 5: INDMIRA‘s agricultural sandy land with paranet to 

protect the plant 

In 2010, Gadjah Mada University hold a 

service learning program (KKN) in Ngentak 

hamlet. Some students revealed there to provide 

assitance to the society. One program done was 

peanut cultivation in the demonstration plots in the 

land of sand beach. They also trained people to use 

cattle dung for composting to support the 

cultivation of land. However, one of the students 

complained about the lack of enthusiasm of 

residents in this program.  

She said “masyarakat tidak bisa menunggu 

hasilnya. Masalah utama terhambatnya 

pengelolaan lahan pasir pantai bukan pada skill 

petani namun adalah pola pikir petani yang ingin 

instan dan hasilnya cepat dilihat "(―They can not 

wait to see the result. The main problem of land 

cultivation is not on the skill of the farmers, but 

rather on the mindset of them, who want instant 

results.") 

After the students of KKN returned to 

campus, agricultural land remains barren, and 

residents choose to sell their livestock manure 

without any processing Rp 100,000 per truck to the 

fertilizer factory. Residents no longer need to 

process the dirt, and they get money more quickly. 

Besides capital reasons, technical use for 

severally wells also become a reason. If the dry 

season arrives, the main reservoir is empty because 

there is no rain water reserved. The river water is 

also dry. The vacuum pipe cannot reach the bottom 

of the river. Whereas the sandy land farmers do 

need severally wells in the dry season. Finally, 

farmers who cultivate sandy land make their own 

wells, and with diesel power capable of irrigating 

the land at any time. However, this condition was 

even more distanced farmers from the sandy land.  

“Mbikin sumur kan larang mbak. Ndak 

semua orang sanggup bikin” (―Building the well is 

expensive, mbak. Not everybody affords to make 
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it.‖) said the chief of RT. 

In the other side, with diesel power, the 

farmers might irrigate their land practically with a 

hose to spray, without having to haul water in 

buckets from severally wells. 

“kalo pake selang kan praktis, ndak ribet 

ngangkut satu satu dari sumur” ("using hose is 

practical, not complicated to bring water from the 

well") said one of the farmers. 

The meaning of this statement is that as it 

turns out, though relatively inexpensive, severally 

wells considered less practical in its use. From 

several points above a table can be made to classify 

the attitude of citizens toward agricultural land of 

sand and sand mining. 

Table 1. Resident Classification 

Residents Classification Toward The 

Agricultural of Sandy Land and Sand Mining 

Kinds of Work Characteristics Impact 

Sandy Land 

Agriculture 

Need much capital The residents 

are not really 

interested to do 

the work 

The time gap 

between the 

process and result 

is quite long 

Severally wells 

irrigation system is 

less practical  

Sand Mining Provide money in 

short time although 

it is not too much 

Most of the 

residents do 

the job 

 

Ngentak Hamlet is a location that became 

the Pandansimo New Beach tourist sites. It makes 

the residents very keen to develop coastal tourism 

which haven‘t been too crowded by tourists. The 

Pandansimo New Beach expected to provide a 

better livelihood. Together, with the society-own 

fund, the residents build dozens of culinary stall in 

coastal areas. Despite spending a lot of capital, the 

residents will soon get the money back in quick 

time by selling food. Thus, citizens are willing to 

spend lots of money to build the culinary stalls, 

take care of them, and really make them as a future 

investment.  

It is another case with the severally wells 

given to them by the government. One informant 

said,“Proyek dari pemerintah itu seperti „hadiah‟, 

jadi tidak ada tanggung jawab yang besar untuk 

merawat. Kalau rusak ya sudah..apalagi jika 

rusaknya berat. Warga tidak mau keluar uang 

untuk memperbaiki.” ("The project of the 

government is like a 'gift', so there is no big 

responsibility to care. If it us broken, let it be… 

especially if it is kind of heavy damage. Residents 

do not want to spend money to repair it.")  

Table 2. Resident's Attitude toward Projects 

Resident‘s Attitude Toward Projects 

Project’s 

origin 

Attitude Reasons 

From society to 

society 

Accept and 

take care of it 

Sense of 

belonging is 

quite high 

The residents 

initiate and 

participate 

(money and 

energy) in the 

project 

The project 

tends to provide 

practical benefit 

(profit) 

From 

government to 

society 

Accept but 

people (will) 

abandon it 

They do not 

participate in 

initiating the 

projects  

They residents‘ 

sense of 

belonging is less 

If there is a 

breakage in the 

technology 

devices, they do 

not have 

treatment fund, 

and they do not 

have enough 

knowledge to 

repair them. 

There is no 

assistance and 

monitoring from 

the government 

toward the 

technology given 

 

One more reason why the severally well 

were abandoned because there is a brakage in the 

reservoir pipe, and the residents can not afford to 

pay for the repairs. They also do not have enough 

knowledge to fix it. Moreover, with the least 

benefits they get from severally wells. In addition, 

the government did not provide care fund, so that 

people seem to find perfect excuses to abandon 

severally wells given to them, although the "prize" 

is worth billions of rupiah. Table 2 is a table of 

classification that distinguishes attitude between the 

residents‘ project and the government projects. 

The failure of government projects and / or 

other agencies that provide novelty in Poncosari, 

found not only in the case of joint and several 

wells, but there are several other cases such as the 
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failure of biogas and windmills technology transfer 

in the Kuwaru hamlet that still need to be 

investigated about its society‘s perspectives on the 

transfer of these technologies. These failures 

demand the technology provider to give more 

consideration toward society‘s cultural insight and 

also the aspect of target accuracy in any novelty of 

technology. 

4 CONCLUSION  

Severally wells with billions rupiahs of 

finance had been neglected because the public 

mindset does not support the implementation of this 

project. Ngentak society in general has a pragmatic 

mindset. They prefer to mine the sand at Progo 

River than farming in sandy land that demands so 

much capital and did not provide a daily profit. 

Whereas their daily needs are many and require 

funds quickly. Moreover, people also do not feel to 

have severally wells, as they are "gift" from the 

government, because they do not contribute in the 

making. The breakage in the pipe of severally wells 

will make them more reluctant to spend money on 

repairs, other than because it is less practical to use. 

Thus, the billions rupiahs project seems to be less 

well targeted with the condition of Ngentak 

villagers that is not too enthusiastic in working on 

agricultural sandy land. It is necessary to see more 

effective strategies to make people interested in 

managing land sand. 

In this case, technology providers, in this 

case the government is expected to more attention 

to local cultural patterns, so as to suit the needs of 

technology in society. Thus, given the pattern is not 

a push technology, but technology demand. 

Technology demand also must consider the cultural 

system of society so that there is conformity and 

compromise of the conventions in force in society. 

This is as stated by Berger (1976: xii) that for those 

who become the object of a policy should have the 

opportunity to participate, not only in specific 

decisions, but also in the definition of a situation 

where the policy is grounded. This is called with 

the participation of cognitive (cognitive 

participation).  
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ABSTRACT 

Advancement of science and technology 

have been setting to the building of soy sauce 

Industry, from household scale to massive one, In 

Indonesia. In the market, soy-sauce product is 

found commonly in two tastes, sweet and salty soy-

sauces. Sweet soy-sauce is made from soybean 

while salty soysauce is made from fish/shrimp. In 

this research, soy sauce was made from tempe and 

shrimp that expected to create spesific taste and add 

protein value. The addition of  Gracilaria powder 

(agar-agar) as homogenizer/condenser was 

expected to create fine stability and consistency on 

the soysauce product.  

The purposes of this research were make the 

shrimp soysauce formulation by utilizing the over-

fermented tempeh with fortification of Gracilaria 

powder. The research was carried out by three ways 

of shrimp soysauce makings, those were the 

shrimp-soy sauce with yeast, the soy sauce without 

shrimp and yeast, the shrimp-soy sauce without  

yeast. In general, the soysauce making includes the 

koji making (mold fermentation) and the moromi 

making (bacteria fermentation with addition of  

20% salt solution).  

The Results showed that the shrimp-

soysauce with yeast was the best. The shrim- soy 

sauce with yeast product had viskosity almost 

resembled with commersial soysauce with 5,5 % 

protein value and organoleptically prefered by 

panelists. 

 

Keywords: Soysauce, Shrimp Taste, Tempe, 

Gracilaria, Yeast. 

 

1 INTRODUCTION 

Soy sauce, a flavoring for various 

Indonesian cookings, is produced by fermenting 

soy bean or other cereals. Soy sauce, according to 

Indonesian Industry Standard (SNI,1984) is thick 

liquid contains protein which derived from stewed 

and fermented soy bean by fungus folowed by 

bacteria and cooked with sugar, salt and other 

flavor additions. 

Soy sauce, a common flavor for Indonesian 

cookings, is made by fermenting soy. Protein level 

is one of criteria to determine the soy sauce quality. 

Protein dissolved in soy sauce filtrat is derived 

from soy protein hydrolized by fungus enzym. 

Indonesia Standar Industry (1984) had determined 

two kind of soy sauce qualities based on their 

protein level. First quality with minimum protein 

level was 6% and the second one with minimum 

protein level was 2%. Other conditions were no 

harmful metals (Hg, Pb, Cu, dan As), normal aroma 

and taste (Rahayu, 1993) 

Soy sauce is divided into two groups based 

on specific test which are: sweet soy sauce with 26-

61% sugar content with a little salt approximately 

3-6%. And salty soy sauce with less sugar content 

is about 4-19% and 18-21% salt content. Sweet soy 

sauce is better graces and prefered for either cook 

flavoring or food product flavoring such as instant 

noodle, meatball and chicken nugget. 

Soy sauce making basically involves 

soybean fermentation (koji making), fermentation 

in salty solution (moromi making), and cooking by 

adding various common flavors for soy sauce as 

pekak, lemongrass, galingale, laurel leaf, fennel, 

coliander, white curmin, garlic, and others. 

Condition for sweet soy sauce (M) and salty 

soy sauce (A) qualities comprise the condition 

based on SNI 1 -3543-1999 (aroma and taste : 

normal, specific); protein (N x 6,25) (M : min. 

2,5% b/b, A : min. 4,0% b/b); dissolved solid 

matterial (min. 10% b/b); NaCl (M : min.3% b/b, A 

: min. 5% b/b); sacarosa (M : min. 40% b/b); food 

preservative (benzoat : max. 600 mg/kg, metil p-

hidroksibenzoal: max. 250 mg/kg, propil p-

hidroksibenzoat : max. 250 mg/kg); color addition 

(based on SNI 01-0222-1995); harmful metal 

contamination (Pb : max. 1,0 mg/kg, Cu : max. 30,0 

mg/kg, Zn : max. 40,0 mg/kg, Sn : max. 40,0 

mg/kg, Hg : max 0,05 mg/kg); As (max. 0,5 

mg/kg); E-coli : < 3 APM/g, fungus/khamir : max. 

50 kol/g).  

In this research, soy sauce was made with 



190   The 2nd Annual Indonesian Scholars Conference in Taiwan 
 

 

ISSN 2086-5953 

 

two main subtances which were tempeh and shrimp 

extract that expected to create specific taste on the 

product. Protein content in soy sauce was expected 

to increase as the combination of the main 

subtances. In this sense, the increasing was caused 

by high protein value in tempeh as phyto-food 

(nabati). Also, Addition of  natural homogenizer 

subtance, gracilaria (seaweed) powder, was 

expected to stable and create fine consistency in the 

product. 

Tempeh is kind of cooked soy-food 

consisted of soy seed, without testa, which is 

covered by micellium. The Fungus micellium along 

with the soy seeds create a concrete construction so 

the seeds do not crumble from each other if tempeh 

is minced (Hastuti and Pamudji, 1989). 

Tempe is considered to be the best food as 

tempe is easily digestible food with high protein 

and fat content and several vitamins. Thus, tempe is 

determined as source for daily nutrition. The 

protein content in tempe is pretty high about 18% 

(Hastuti and Pamudji, 1989).  

Table 1. Nutrients Fact of Tempeh (Leung, et al, 1987). 

Nutrients Contains 
Contains (per 100 gram 

) 

Water           78,3 % 

Protein           17,9 gram 

Lipid           1,4   gram 

Charbohidrate           1,2   gram 

Fiber           0 

Ash           1,2   gram 

Calsium         58      miligram 

Phospor       230      miligram 

Iron           1      miligram 

Sodium       182      miligram 

Potassium       500      miligram 

Retinol         25      mikrogram 

B-Karoten           5      mikrogram 

Thyamin           0,01 miligram 

Riboflavin           0,08 miligram 

Niacin           3      miligram 

 

Shrimp is high protein and fat content food 

matter. According to Food Composisition Table 

(Leung, et al, 1987), shrimp protein content is up to 

17.9%. Shrimp was the fortification in the sauce 

making. Fortification is food enrichment using 

particular food matter to create specific taste, 

aroma, and function that could not be found in any 

existed food before. Thus, in this way fortifocation 

of shrimp may be possible to make the unique 

sauce. Beside, Shrimp is function to reduce 

cholesterol, improve stamina, and so forth. 

Bekatul is carbohidrate, protein, fat, mineral, 

vitamin B Kompleks (B1, B2, B6, B12, B15) and 

dietary fiber content food matter. Bekatul is known 

for high B15 vitamin content food matter. B15 

vitamin is subtance that help body metabolism 

(Anonymous, 2006). 

According to Stephen (1995), seaweed 

(agar-agar) is clasified in galaktant polysacaride 

which consist of intercelular matrix matter inside 

numbers of red seaweed. Seaweed plays role in 

plant analog structure yet different from celulose in 

common land plant. While according to Imeson 

(1999), seaweed is the most abundance polycoloid, 

an seaweed extracted-coloid  which currently used 

for suplement to shape gel, to thickening, and to 

stabilize food. 

Seaweed species are found in 

Gracilariaceae, Gelidiceae, Phyllophoraceae, and 

Ceramiaceae families. 51.3% of agar product made 

from Gracilaria lays in the first place, 47.2% from 

Gelidium in the second place, then 1,2% from 

Pterrocladia, and the rest 0.3% from agarophyta 

like Gelidiella and Ahnfeltia (Stephen, 1995). 

FAO/WHO in 1963 conference stated that 

Acceptable Daily Intake (ADI) of seaweed is 50 

mg/kg of human weight without intermittence. 

When seaweed was clasified by US Food and 

Adfministration as GRAS (Generally Recognized as 

Safe) in 1972, an extensive study of bibliography 

being done by learning from history of agar usage 

for food additive (Imeson, 1999). Maximum dozes 

allowence of agar application onto food matter 

were: 

 
Table 2. Usage of Seaweed for Food and its Maksimum Doze 

Allowence (Stephen, 1995). 

Food Matterials Values 

Baked goods and baking 

mixes 
0,8 % 

Confections and frosting 2,0 % 

Soft candies 1,2 % 

All cother food categories 0,25 % 

 

Seaweed contains dietary fiber which 

function as anti-cancer, antioxidant, to help 

metabolism and to prevent cardiovacular. In 

addition, agar hold low water activity that lead to 

decrease bacteri/fungus activities and extend sauce 

storage period at last (Sutomo, 2006). 

The purpose of this work was to find out 

more efficient and effective method of shrimp-soy 

sauce making; to learn proper amount of gracilaria 

powder in shrimp-soy sauce making; to obtain high 

nutritional and more delicious shrimp-soy sauce 

product. 
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2 RESEARCH METHOD 

2.1 Materials and Tools 

Materials used in this research: 

Soybean Tempeh  (400gr); Bran  (100 gr); 

Yeast (1 sdm/kg), Shrimp (70 gr); 20% Salty 

Solution  (1600 ml); Water 500 ml; Others flavor 

respective to 100 gram of moromi: 700 gram of red 

sugar, 3 gram of pekak, 15 gram of galingale, 1 

blade of lemongrass, 2 leaf of laurel, 2 leaf of 

lemon leaf, 10 gram of garlic, and 4 gram of 

sesame. 

 

Tools used in this research: 

Tempeh cutter; Glasses jar; Winnowing 

tray; Pan; Stove; Analyze equipments for moisture 

content, viscosity, sensory test, dangerous metal, 

and arsenic. 

2.2 Active stroke 

1) Soy Sauce Making 

Soy sauce making conducted by 3 batches in 

sequences process these were: 

a. Shrimp-Soy sauce without yeast addition 

making 

Over fermented tempeh was minced and 

dried by sunlight during a day. The dry 

tempeh, shrimp, and bran were steamed to 

sterilize from microbes. And then, all the 

materials were mixed and put into glass jar. 

The materials then submerged in 20% salty 

solution for being fermented during 2 

months in order to produce moromi. Later, 

the moromi was steamed. Water, common 

flavors, also 1% and 1.5% Gracilaria powder 

were added  onto the steamed moromi and 

stirred at the same time for an hour and then 

filtered to produce soy sauce. 

 

b. Soy Sauce without Shrimp Taste and 

without Yeast Addition Making 

That process is same like first batch, yet 

without shrimp addition. 

 

c. Soy Sauce with Shrimp Taste with Yeast 

Addition Making 

The process was like first bacth, yet after the 

tempeh was dried then it was inoculated with 

yeast. Time for this third bacht fermentation 

was quicker 21 days earlier. And 

concentration of Gracilaria powder added in 

this batch was 0.1%. 

 

2) Analyze 

a. Protein testing (Micro Kjehdahl method) 

- 5 gram sample and 5 gram selenium 

mixture (190 part of K2SO4 weight, 3 part 

of CuSO4 weight, and 4 part of Selena 

weight) were put into Kjehdahl bulb-tube. 

- 25 ml strong H2SO4 was added to dissolve 

the sample indicated by clear green 

coloring sample solution taking place. 

After the solution was cold, 500 ml 

quantitative ? was added into steamer 

bulb-tube with steamer stone. Then, water 

was added to thin the solution. Candle and 

few drops of phenolphthalein indicator 

were added into it as well. 

- The next step, 50% Natrium Hydroxide 

was added excessively. The solution then 

was distillated up to 2/3 of the solution. 

Distillate was accepted for excessive 0.1 N 

HCL which been added with few drops of 

mengsel indicator (both of 425 mg of red 

metal and 500 mg of blue metal are 

dissolved into 100 ml of 96% alcohol). 

Remained HCL was titrated with 0.1 N 

NaOH. 

 
 

b. Moisture content test (thermogravietri 

method) 

c. Viscosity test with viscometer 

d. Sensory test (predilection to taste, color, 

aroma, and overall predilection)  

e. Harmful metal 

2 gram sample was turned to be ash. 5 

drops HCL were added to sample ash. 

Then 10 ml aquadest was added to thin 

the ash solution. 5 ml of the ash solution 

was constantly clear by a dropping of 1 

N potassium ferrosianida. It meant that 

the metals were not present or not 

considered as in insignificant 

concentration.  

f. Examining of Arsenic with AAS method 

2 gram sample was turned to be ash. 5 

drops HCL were added to sample ash. 

Then 10 ml aquadest was added to thin 

the ash solution. 5 ml of the ash solution 

was constantly clear by a dropping of 1 

N potassium ferrosianida. It meant that 

the metals were not present or not 

considered as in insignificant 

concentration.  
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3 RESULTS AND DISCUSSION 

In the research is made soy sauce with 3 

batch making. Important results of the research, 

these are: 

3.1 Physic and Chemistry Profile and 

also Sensory of Soy Sauce 

Physic and chemistry profile and also 

sensory of soy sauce product were shown in Table 

3.  

 

1. Physic characteristic testing 

Based on the research result, viscosity of 

shrimp-soy sauce without yeast was 1.25 dPs, for 

soy sauce without shrimp and yeast was 3.25 dPs, 

and shrimp-soy sauce with yeast was 11 dPs. Also 

viscosity of commercial famous brand soy sauce 

was 11 dPs.  

The difference of viscosity between  was 

caused by overtime heating followed by slow 

moving stirring in makings of shrimp-soy sauce 

whitout yeast and soy sauce without shrimp and 

yeast. The slow moving caused decreasing of 

internal inter-compound friction that lead to low 

solubility. 

 

2. Chemistry characteristic testing 

a. Moisture content 

Moisture content is important in food as it 

determine sensory characteristic, viscosity, 

and risk level of food matter. The result 

showed that moisture content of shrimp-soy 

sauce without yeast (53.21%) and soy sauce 

without shrimp and yeast (43.91%) were 

higher than shrimp-soy sauce without yeast 

(36.21%). The higher moisture caused to 

lower viscosity of the matter.  

 

b. Protein value 

According to the result, protein value of soy 

sauce without shrimp and yeast was under 

5% while shrimp-soy sauce with yeast was 

5.5%. Higher protein value in shrimp-soy 

sauce was caused by combination of high 

protein content-flavors, such as tempeh and 

shrimp extract.  

 

c. Harmful metals and Arsenic 

According to result test, there were 

no harmful metals detected in the sample. 

Qualitative test showed clear coloring 

solution that proved shrimp-soy sauce did 

not contain harmful metals. Arsenic test 

result showed no arsenic contaminant 

detected (>0.050 ppb) in all of soy sauce 

samples.  

According to National Standard of 

Indonesia (SNI) 1-3543-1999 minimum 

arsenic value allowance in soy sauce is 

0.5mg/kg. Arsenic possibly contained in 

shrimp-soy sauce soy sauce likely caused by 

adding shrimp extract in the making. Shrimp 

could contain arsenic metal from salty 

marine water as its living habitat. 

 

3. Sensory testing 

In organoleptic, three samples were tested to 

numbers of panelists. Shrimp-soy sauce without 

yeast and soy sauce without shrimp and yeast 

showed less preference in taste, aroma, color and 

predilection for panelists than the commercial one. 

While shrimp-soy sauce with yeast showed 

insignificant in color from the commercial one. Yet, 

from the three samples, the panelists gave 

appreciation to shrimp-soy sauce with yeast for its 

sweet-salty taste characteristic. In predilection 

aspect, shrimp-soy sauce was prefered by particular 

people who prefer shrimp. 

Table 3. Profile of shrimp-Soy sauce without yeast, soy sauce without shrimp and yeast, and shrimp-soy sauce with yeast. 

No Product Viscosity 

Chemical test Organoleptic test 

Moisture 

Content 

Protein 

Value 

Harmful 

Metals 
Arsenic Taste Aroma Color 

Pre 

dilection 

1 

the shrimp  soy 

sauce making 

without  yeast 

1.25 dPs 

 

53.21% 

 
<5.5% Ud - * * * * 

2 

the soy sauce 

making without 
shrimp and 

yeast 

3.25 dPs 
 

43.91% 
 

<5.5% Ud - * * * * 

3 
the shrimp soy 

sauce with yeast 
11 dPs 36.21% 5.5% Ud - * * ns * 

Remark : Ud : Undetected (> 0.50 ppb); *: significant; ns: insignificant 
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3.2 Effect of adding gracilaria flour to 

Soy-sauce 

In this research, Gracillaria powder was 

added onto the three samples. Gracillaria added on 

to batch 1 and 2 of soy sauce respectively were 1% 

and 1.5%, yielded to solid soy sauce. High 

concentration of Gracillaria for viskos product such 

as soy sauce would increase particle size that lead 

to its solid texture. While batch 3 showed better 

result by adding 0.1% concentration of Gracillaria. 

Batch 3 soy sauce sample hold high stability 

indicated by viscosity almost resembled to the 

commercial one. 

4 CONCLUSIONS  

1. The shrimp-soy sauce with yeast was the 

best product  

2. The sweet soy sauce product was possibly 

made from combination of overdue tempe 

(not sold in the market) and delicious 

shrimp. 

3. The best concentration of Gracillaria added 

to shrimp-soy sauce was 0.1%. 

4. The shrimp-soy sauce with yeast product 

hold the highest protein content. 
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ABSTRACT 

Pseudomonas flourescens were known as 

plant growth promoting rhizobacteria (PGPR).  P. 

flourescens has a role to promote the plant growth 

and triggers induce systemic resistance (ISR) to 

against the pathogen.  The objective of this research 

is to evaluate the influence of P.flourescens on the 

germination and plant growth of papaya. The 

methods are the efficacy of P. flourescens to 

germination of papaya seeds in laboratory and 

efficacy of P. flourescens on plant growth in green 

house. Papaya varieties were used in this research 

was hawaiii (HW), bangkok (BK), lokal (PR), and 

variety of papaya developed by Bogor Agricultural 

University (IPB). The result of this research, local 

papaya has a higher germination and plant height 

than other varieties.  Most of application P. 

flourescens has a higher percentage of germination 

than control. There is increasing percentage of 

germination due to the using of P. flourescens. 

There is no difference plant height due to the 

different spraying time of P. flourescens. 

 

Keywords: Papaya, Pseudomonas flourescens, 

plant growth, seed germination.  

 

1 INTRODUCTION  

Papaya (Carica papaya L.) is one of the 

important commodities in Indonesia. The fruit is 

consumed as fresh fruit and as vegetable or used as 

processed product. Papain in the papaya is also 

useful as a botanical insecticide to control 

herbivorous insect (Konno 2004). By looking at 

variety of uses, the need of papaya in Indonesia is 

high, but the productivity of this product is still low. 

One of the problems in papaya cultivation is plant 

pests and diseases. Integrated plant pest and disease 

management (IPM) is needed to control plant pests 

and diseases, and also to achieve a better 

productivity of papaya.  

There are many plant diseases in papaya. 

The important thing to prevent and control plant 

diseases is to induce systemic resistance (ISR) in 

host plant. Induced resistance is a state of enhanced 

defensive capacity developed by a plant reacting to 

specific biotic and chemical stimuli (Van Loon 

1998). Pseudomonas flourescens is bacterial 

triggers ISR (Bakker 2007). These bacteria were 

known as plant growth promoting rhizobacteria 

(PGPR).  

This research will evaluate the effect of 

P.flourescens on the germination and plant growth 

of papaya. 

2 METHODS 

The method of research was conducted by 

the following step: 

1. Efficacy of P. flourescens to germination of 

papaya seeds in laboratory 

2. Efficacy of P. flourescens on plant growth of  

papaya in green house 

2.1 Efficacy of P. flourescens to 

Germination of Papaya Seeds  

This method was conducted in laboratory. 

The suspension of P. flourescens was obtained from 

Laboratory of Bacteriology, Plant Protection 

Department, Faculty of Agriculture, Bogor 

Agricultural University.  

The papaya varieties used in this experiment 

was hawaiii (HW), bangkok (BK), local (PR), and 

variety of papaya developed by Bogor Agricultural 

University (IPB).   

Seeds of each papaya varieties were soaked 

in the suspension of P. flourescens with 

concentration of 2% for 30 minutes. In control, 

every papaya varieties were soaked in sterile water 

for 30 minutes.  

Papaya seeds that had been soaked, then 

planted in a plastic container (30 cm x 20 cm) 

which already contains a soil and manure (1:1). For 

each treatment, 32 seeds were cultivated in each 

container. Each treatment was replicated three 

times. The parameter measured was percent 

germination of papaya. 
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The experimental design used was 

completely randomized design. The treatment was 

soaking the seeds with bacterial suspensions of P. 

flourescens (T) and without bacteria or control (C). 

The data was analyzed by analysis of variance using 

Statistical Analysis System (SAS) on the real level 

of 5%. 

2.2 Efficacy of P. flourescens to Plant 

Growth of Papaya 

The efficacy was done in greenhouse, Bogor 

Agricultural University.   The papaya varieties used 

in greenhouse is same with which used in the 

laboratory, they were hawaiii (HW), bangkok (BK), 

local (PR), and variety of papaya developed by 

Bogor Agricultural University (IPB).   

Seeds of each papaya varieties were soaked 

in the suspension of P. flourescens with 

concentration of 2% for 30 minutes. In control, 

every papaya varieties were soaked in sterile water 

for 30 minutes. Every papaya seeds that had been 

soaked, then planted in polybag (20 cm x 20 cm) 

which already contains soil and manure (1:1). 

The experiment was arranged in completely 

randomized factorial design with five replications. 

In this research there were two factors, i.e. varieties 

and the spraying times (Table 1). The data was 

analyzed by analysis of variance using Statistical 

Analysis System (SAS) on the real level of 5%. 

Table 1. The treatments in the efficacy of P. flourescens on plant 

growth of papaya 

Code of treatment Variety Spraying times 

HW-0 Hawaii - 

HW-1 Hawaii Once a week 

HW-2 Hawaii Every two weeks 

BK-0 Bangkok - 

BK-1 Bangkok Once a week 

BK-2 Bangkok Every two weeks 

PR-0 Local - 

PR-1 Local Once a week 

PR-2 Local Every two weeks 

IPB-0 IPB - 

IPB-1 IPB Once a week 

IPB-2 IPB Every two weeks 

 

Application technique was done by spraying 

the suspension of P. flourescens with concentration 

of 2% to the whole surface of papaya plant. 

Observations were made by looking at the plant 

height of papaya, which was calculated starting 

from the base of the stem was parallel to the surface 

soil until the growing points (buds). 

 

 

3 RESULT 

3.1 The Effect of P. flourescens to 

Germination of Papaya Seeds 

Each varieties of papaya have a different 

germination rate. Based on this research, local 

papaya has a higher germination rate than other 

varieties of papaya (Table 2).  Local papaya from 

Indonesia has potential economic and also can be 

used as genetic resource (Rahayu 2010).  

Table 2. The effect of P. floerescens to percentage of papaya 

seeds germination 

Code of treatment Percentage of germination (%)* 

HW-T 8.33 c 

HW-C 5.21 c 

BK-T 31.25 b 

BK-C 29.17 b 

PR-T 75.00 a 

PR-C 72.92 a 

IPB-T 15.63 bc 

IPB-C 8.33c 

* Values in the same column followed by the same letter is not 

significantly different. 

 

Most of application by P. flourescens has a 

higher percentage of germination than control 

(Table 2).  The results of this research indicate that 

the P. fluorescens application increase the 

germination percentage of papaya (Table 3).  

Increasing the percentage of germination was the 

comparison between percentage germination of 

treatment and control.   

P. flourescens has a role as PGPR to 

promote the plant growth (Van Loon 1998).  The 

application of PGPR can increase the seedling root 

length, shoot length and root branches of the green 

gram plants, highest root length, shoot length, and 

germination rate (Anandaraj 2010).  

3.2 The Effect of P. flourescens to The 

Plant Growth of Papaya  

Effect of spraying time P. fluorescens on 

plant growth in different varieties of papaya can be 

seen in figure 1, 2, 3, and 4. The result of this 

research indicate that P. flourescens can increase 

the plant height of papaya (Fig. 1,2,3,and 4).  

Table 3. The increasing percentage of germination in different 

varieties of papaya 

Variety of papaya 
Increasing the percentage of 

germination (%) 

Hawaii 59 

Bangkok 7 

Local 4 

IPB 87 
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Figure 1. The effect of P. flourescens application on plant height 
of Hawaii papaya (HW) in a few weeks of observation (HW-1: 

spraying P. fluoresces at interval of once a week, HW-2: 

spraying P. fluoresces at interval every two weeks, and HW-0: 
control). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The effect of P. flourescens application on plant height 

of  Bangkok papaya (BK) in a few weeks of observation (BK-1: 

spraying P. fluoresces at interval of once a week, BK-2: spraying 
P. fluoresces at interval every two weeks, and BK-0: control). 

 

 

 

 

 

 

 

 

Figure 3. The effect of P. flourescens application on plant height 

of IPB papaya (IPB) in a few weeks of observation (IPB-1: 

spraying P. fluoresces at interval of once a week, IPB-2: 
spraying P. fluoresces at interval every two weeks, and IPB-0: 

control). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The effect of P. flourescens application on plant height 

of Local papaya (PR) in a few weeks of observation (PR-1: 
spraying P. fluoresces at interval of once a week, PR-2: spraying 

P. fluoresces at interval every two weeks, and PR-0: control). 

Until 7 weeks of observation after planting, 

any pests or diseases had not seen appear in all 

papaya varieties.  The optimum conditions by soil 

sterilization, surface sterilization of seeds before 

planting and planting in the greenhouse 

environment, not allowed the emergence of disease 

or pests that attack papaya plants. 

P. flourescens triggers induced systemic 

resistance (ISR) of plant, and then inhibit the 

growth of pathogen directly; their capacity to 

suppress the disease may involve more than one 

mechanism (Van Loon 1998). 

P. fluorescens protect plants from pathogen 

attack by compounds generated antibiosis also 

known to induce systemic resistance of host plants 

that were treated with the bacteria (Bakker 2007). 

Further analysis in plants treated such as the content 

of phenol compounds, content of hydrogen 

peroxide, or salicylic acid will be able to give a 

more comprehensive reaction to papaya plants 

treated with P. fluorenscens than control (Van Peer 

1991).  

Applications P. fluorescens on Hawaiiian 

varieties with the frequency of spraying every 2 

weeks (HW-2) were generally able to increase plant 

growth (plant height) from 3-7 weeks (Fig. 1). The 

same trend occurred in varieties Bangkok varieties 

(BK-2) and local varieties (PR-2) where the 

application or spraying bacteria P. fluorescens at 

intervals of 2 weeks increased the growth of plants 

(Fig. 2 and 4).  

Different reaction was indicated by the IPB 

variety. Spraying once a week (IP-1) tended to give 

the best plant growth compared with control or 

treatment by spraying at intervals of 2 weeks (IP-2) 

as shown in Figure 3. 
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Table 4. The effect of different varieties on papaya  plant height 
per weeks observation  

Variety  

of papaya 

Plant height (cm) per weeks* 

3 4 5 6 7 

Hawaii 1,96 c 3,13 c 4,77 c 7,73 b 13,13 c 

Bangkok 5,27 a 7,75 a 9,87 b 9,87 ab 21,50 ab 

Local 6,03 a 9,03 a 13,17a 13,17 a 26,80 a 

IPB 3,33 b 5,07 b 7,77 b 10,83ab 19,00 bc 

* Values in the same column followed by the same letter is not 
significantly different. 

 

Local papaya had the highest plant height 

than other varieties (Table 4).  According to Rahayu 

(2010), local papaya from Indonesia is better than 

others. Local papaya has a better growth and 

cheaper seeds, so the farmers can cultivate local 

papaya in their field. Local papaya also can be used 

as source of genetic to improve papaya quality by 

researchers. 

 

Table 5.  The effect of spraying time treatment on the papaya 

plant height per weeks of observation  

Spraying 
time  

Plant height (cm)  per weeks* 

3 4 5 6 7 

1 week 4,04 a 6,13 a 8,65 a 10,78 a 19,80 a 

2 weeks 4,35 a 6,48 a 9,40 a 11,20 a 20,78 a 

0 4,06 a 6,14 a 8,63 a 9,23 a 19,80 a 

* Values in the same column followed by the same letter is not 
significantly different. 

 

Based on the research, there is no significant 

difference plant height due to the different spraying 

time of P. flourescens (Table 5).   

4 CONCLUSION  

P. flourescens could increase the 

germination percentage and plant height of papaya. 

Local papaya has higher germination percentage 

and plant height than other varieties. There was no 

difference plant height due to the different spraying 

time of P. flourescens. 
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ABSTRACT 

Methane is a normal product of ruminal 

fermentation, representing a pathway for the 

disposal of metabolic hydrogen produced during 

microbial metabolism. Methane that is too much 

create negative impact on the environment. The 

negative impact is global warming. Prolonged 

global warming could cause sea levels getting 

higher, many island are sinking. To reduce these 

impacts can avoided by reducing methane gas. 

Reducing methane can be done with the addition of 

tea waste in feed so that tannin in the diet can 

inhibit the formation of methane gas. In addition, 

the tea waste through the milling process can raise 

levels of tannins so expect more methane gas is 

reduced. Industrial tea waste has the possibility to 

feed livestock thereby increasing the value of tea 

waste and can reduce methane production. 

Moreover, it can reduce the pollutants resulting 

from tea waste factory.  

         

Keywords: methane, global warming, tannin, tea 

waste. 

 

1 INTRODUCTION 

The most important greenhouse gasses in the 

atmosphere are carbon dioxide (CO2), methane 

(CH4), nitrous oxide (N2O) and their global 

atmosperic concentrations have increased 

significantly in the last 150 years (Monteny et al 

2006). The greenhouse effect is thought to be due 

to the absorption of solar infrared (IR) Radiation by 

gases and the earth‘s surface, which as a result are 

heated and then reemit IR radiation at low 

frequency with a high absorptive power. In fact 

greenhouse gases in the atmosphere are essential 

for maintaining life on earth, as without them the 

planet would be permanently frozen because all of 

the incoming heat from the sun would be radiated 

back into space by the earth‘s surface. Methane 

from enteric fermentation by ruminants is not only 

an important greenhouse gases (GHG) associated 

with environmental problems, but it also represents 

cosiderable amount of energy losses from the 

animals. Around 6 - 10 % of the gross energy of the 

ruminant diet is lost to methane (Immig 1996).  

Tannins or polyphenols are secondary 

metabolites naturally found in plants and highly 

prospective for use in reducing emissions of 

methane produced by ruminants. Jayanegara et al 

(2008) showed, evident from our previous research 

that non-tannin phenols play a role in methane 

reduction due to higher correlation of total phenols 

(TP) compared to total tannins (TT) with the 

methane decrease from control. Tannin can be 

found in many high protein plants, for example tea 

plants. 

Tea (Camellia sinensis) is a product made 

from young leaves (leaf bud) of tea plant (Camellia 

sinensis L). Tea leaves should be processed to be 

come products such as black tea and green tea. 

Leaves usually withered and then rolled with rotary 

tool OTR (Open Top Roller), then exposed into the 

air for oxydation or fermentation. Leaves are then 

dried with hot air, and resulting black tea (Lubis 

2010). Tea processing industry produces tea waste 

as raw material and mill material. Waste can be 

obtained from a tea bottle processing. 

Tea waste is industrial waste from soft 

drinks factories are available pretty much reaching 

470 tons / year (PT. Sosro Bekasi 2003) and has not 

been used optimally. Tea production increased from 

year to year reaching an average of 157,000 tons / 

year from year 1993 to 2000 (Direktorat Jenderal 

Bina Produksi Perkebunan 2002). The tea waste 

(Belitz and Grosch 1886) consisted of 2.5 – 5.5 % 

caffeine, 0,07 – 0,17 %  theobromin and 0,02 – 0.13 

% theophylline. Meanwhile, according to Istirahayu 

(1993) tannin in tea waste reached 1.35 % and 

crude fiber content by Soejiwo (1982) reached 

23.01 %. According to Istirahayu (1993), crude 

protein content in tea waste is still high enough that 

is equal to 27.42 % and gross energy content of 

4994 kcal/kg. The use of tea waste can add more 

value to tea bottle industry. 
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Diagram 1. Manufacture of tea waste 

 

 (Source: Istirahayu 1993) 

 The main compounds contained in tea are 

catechins, which is a derivative of condensed  

tannins, also known as polyphenol compounds 

because many of its hydroxyl functional group. In 

addition, tea also contains caffeine alkaloids which, 

together with tea polyphenols to form a refreshing 

taste. Some vitamins are contains in tea include 

vitamin C, vitamin B and vitamin A and its,  levels 

are expected to decline due to processing, but still 

can be used by drinker. Several types of minerals 

are also contained in tea, especially flouride which 

can strengthen the tooth structure (Lubis 2010). 

Tea waste contain tannin compounds, that 

can reduce production of CH3 in the rumen. This 

compounds are taken out in the form of CH4 

(methane) from the body pass through eructation 

and excreta. Methane is taken out in the form of  

gases mostly by way of eructation process. Around 

6 - 10 % of the gross energy of the ruminant diet is 

loss to methane (Immig 1996). Ruminant methane 

production is responsible for approximately 95 % 

as total global animals and human methane 

emissions (Nevel et al 1995) and contributes to the 

anthropogenic greenhouse gases to be as high as 18 

% (Kreuzer & Soliva 2008). The impact of 

greenhouse gases could cause global warming that 

triggered the destruction of nature, such as ice 

mountain to melt so sea levels raise, the change of 

irregular seasons and surface of the earth‘s 

temperature increases due to ozone layer thinning.          

This paper was aimed to discuss the 

possibility to use industrial tea waste bottles as 

livestock feed  thereby increasing the value of tea 

waste and can reduce methane production. 

Moreover, it can reduce the pollutants from tea 

waste factory.   

2 MODEL, ANALYSIS, DESIGN 

AND IMPLEMENTATION 

The model are cows given feed milled tea 

waste + NPN and compared with cows given NPN 

without tea waste (control). NPN (Non Protein 

Nitrogen) which is a compounds containing the 

nitrogen element and has precusor forming protein 

but can not be converted to protein by rumen 

microbes.  The use of NPN in the ration given to 

cows intended to reduce the binding of tannins 

protein feedstuffs. The average content of tannin in 

the tea around 7.02 to 11.60 % (Leaflet Teh 2007).    

For example, cows that have a body weight 

of 300 kg given a diet of 3 % body weight is 10 kg 

of diet. In 10 kg of ration containing 0,5 % tannin, 

so the total tannin provided is 50 grams.  Suppose 

that each cow was given 50 grams of tannin, in 

which every one gram contains 0,07 grams of 

tannin, so the total tannins are given to cows was 

0,71 kg/head/day.  The amountof tea waste 

everyday from PT.Sosro obtained by dividing the 

production per year with the number of days so that 

production of tea waste per day approximately 1280 

kg / day. Based on these calculations, the 

contribution of tea waste from PT. Sosro can be 

used for 1802 head of cattle (the number of tea 

waste per day divided by the total requirement of 

tea waste per head of cattle). According to Santoso 

et al (2007), each addition of  4,51 g of tannin 

caused a decrease of  16,2 % methane. So that 

giving 50 grams of total tannins can reduce 

methane production by 17,96 %. 

With the use of 0,5 % tanin from tea waste 

can reduce the energy lost due to methane 

production. So the use of energy produced ration 

increased and led to increased feed efficiency. It is 

very profitable for beef catle because the meat 

production will be increased. 

3 RESULT AND DISCUSSION 

Livestocks emit methane as part of their 

natural digestive processes. The rumen is the home 

for billions of microbes, including bacteria, 

methanogens, protozoa and fungi. These microbes 

breakdown feed to produce volatile fatty acids 

Picking the leaves 

Withering 

Scrolling 

(leaf cell rupture) 

 

Fermentation (enzymatic oxidation) 

 

Drying  

(stop the oxidation process) 

Making tea beverage bottle 

Byproduct 

(tea waste) 
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(VFAs), carbon dioxide, ammonia, and methane. 

According to Johnson and Johnson (1995), cattle 

can produce 250-500 l of methane per day per 

animal. Cattle typically lose 2-15% of their 

ingested energy as eructated methane (Giger-

Reverdin and Sauvant 2000). 

Methanogenesis is the process of producing 

methane gases in the rumen. The main substrates 

for methanogenesis are acetic acid and hydrogen 

plus carbon dioxide, and acetic acid is usually 

regarded as the most important (Hubson et al 1981). 

Smith and Mah (1966) showed, for instance, that 

73% of the methane in their domestic sewage 

digestion came from acetid acid. This kind of 

proportion might be expected from a consideration 

of the overall reactions occurring in the breakdown 

of carbohydrate as follows : 
 

 C6H12O6        2C2H4O2 + 2CO2 + 4H2 

 

The acetic acid and hydrogen products will then 

form methane as follows: 

 

 2C2H4O2        2CH4 + 2CO2 

 4H2 + CO2        CH4 + 2H2O 

  

In the formation of methane from 

carbohydrate 66% of methane will come from 

acetic acid and 33% from hydrogen. In the each 

step of the long-chain fatty acid molecule and four 

hydrogen are formed as shown before. The acetic 

acid will give one CH4, while the 4H will give 

1/2CH4 as above, again in proportions of 2:1 (Smith 

and Mah 1966). 

The proportion of concentrate within the diet 

has been reported to be negatively correlated with 

methane emissions (Holter and Young 1992; Yan et 

al 2000; Fig 1). Based on the literature, it is known 

that administration of high consentrations can 

reduce  methane production because the levels of 

propionate in the rumen will increase followed by 

decrease in pH, thereby inhibiting the rate of  

methanogenesis. 

 

 

Fig 1. The effects of increasing the proportion of concentrates in 

the diet of methane output when total digestible energy intake, 
dry matter intake and feeding level are kept constant (adopted 

from Yan et al. 2000). 

Antimethanogenic activities of tannins may 

involve tannin action of functional proteins 

(enzymes) located at accessible sites in or on the 

methanogens (Field and Lettinga 1987). These 

studies revealed that tannins depending upon type 

and dose influence methanogenesis or via 

defaunation. Antiprotozoal properties of tannins 

from different plants have been reported in many 

studies. The toxic effects of tannins on rumen 

protozoa appear to be less pronounced compared 

with saponins that are safer for cattle. 

Table 1. Content of Nutritional Value of Tea Waste 

Description  Contents 

Dry matter               93.59% a 

Crude protein                            20.08% from DMa 

Crude fat                0.82% from DM a 

Crude fiber               15.45% from DMa 

Moisture                6.45 % a 

Ash                6.5 % from DMa 

TDN                85.6% from DMb 

 

Source: a. Feed Science Laboratory Animal 

Husbandry Department FP-USU (2007) 

             b. Feed Science Laboratory Animal, Bogor 

(2007) 
 

Tabel 2. Type of polyphenols in tea that have been identified and 
the average level of content are : 

Compound   Amount 

  Catechin    63-210 mg% 

 Flavanol    14-21 mg% 

Tearubigin    0-18 mg% 

   Polivenol    266-273mg% 

(source : Leaflet Teh 2007).    

 

Tea waste used both as a substitute for grass 

feed basis (20%) or as a supplement, especially as a 

source of protein in goat (Kondo et al 2004). 

Providing tea waste increased consumption of 

nitrogen (N) and increase NH3 in the rumen. 

Increased NH3 can improve a useful in encouraging 

the fermentation of fiber, when the waste of tea is 

given with other feedstuffs high fiber content (feed 

basis). The content of tannins in tea waste is 

relatively high, but the protein in the waste of tea 

can still post ruminally be digested by enzymes 

secreted by the pancreas gland. 

Grinding or pelleting of forages to improve 

the utilization by ruminants has been shown to 

decrease CH4 losses per unit of feed intake by 20-

40% when fed at high intakes (Johnson et al. 1996). 

The lowered fiber digestibility, decreased ruminally 

available organic matter and faster rate of passage 

associated with ground or pelleted forages can 

explain the decline in CH4 production (LeLiboux 
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and Peyraud 1999). These effects are more 

pronounced in animals offered feed at ad libitum 

level of intake compared to those whose intake is 

limited (LeLiboux and Peyraud 1999). Feeding 

ground diets instead of chopped diets reduced the 

molar proportion of acetic acid, and increased the 

molar proportions of propionic and valeric acids 

(LeLiboux and Peyraud 1999). However, fine 

grinding of forages has not proved to be 

economical to dairy producers because of increased 

incidence of acidosis and lower milk fat content, 

which are associated with a lower effective fiber 

content of finely ground forages. 

4 CONCLUSION 

Utilization tea waste to reduce waste due to 

production of tea an affordable price. Tea waste 

contains high levels of tannins that are beneficial 

for reducing methane production. Methane 

production can be reduced because tannins can 

inhibit microbial growth in fermentation 

methanogenesis. Milling process and pelleting will 

make tea waste increases the surface area so that 

the efficiency use of tea waste increased.  

Decreased in methane production can reduce the 

greenhouse effect due to methane gases. So the 

global warming effect can be minimized to preserve 

the environment.  
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