PROCEEDING

Indonesian Student Scientific Conference
“Toward Sustainability and Quality of Life”

Diselenggarakan:

WAGENINGEN
Didukung:

1

Towards Sustainability and Quality of Life – Wageningen:
Persatuan Pelajar Indonesia di Wageningen (PPI-W), 2014.

Editors :
Novi Mayasari
Siti Aisyah
Jimmy Perdana
Eliana Wulandari
Indra Firmansyah
Design cover by:
Jimmy Wilopo

Published by
Wageningen Indonesian Student Association
Wageningen, The Netherlands

2

TABLE OF CONTENTS

TABLE OF CONTENTS ........................................................................................................................ 3
INTRODUCTION .................................................................................................................................. 4
PAPERS COLLECTION ........................................................................................................................ 5
EFFECT OF MAGNETIC FIELD INDUCTION TO LOVASTATIN PRODUCTION IN
FRUITING BODY AND MYCELIUM OF OYSTER MUSROOOM (Pleurotus ostreatus) ....... 6
FOOD SAFETY AWARENESS AMONG HOUSEWIVES IN BOGOR INDONESIA ............ 15
IMPROVEMENT OF CALLUS INITIATION MEDIUM OF ANTHURIUM (Anthurium
andraeanum Linden. ex Andre) IN VITRO PROPAGATION ...................................................... 24
ENABLING SUSTAINABLE PRACTICES FOR BUILDING PROJECTS IN INDONESIAN
LOCAL GOVERMENT: AN OVERVIEW OF PRACTITIONERS‟ PERCEPTIONS .............. 35
DESIGNING AN INNOVATIVE APPROACHES TO SUPPORT
THE
SUSTAINABILITY OF SMALL ORGANIC POTATO FARMERS (STUDY CASE IN DIENG
PLATEAU, CENTRAL JAVA, INDONESIA) ............................................................................ 47
PROCESSING NANO POWDER ALUMINUM BY EQUAL CHANNEL ANGULAR
CONSOLIDATION; KNOWLEDGE AND TECHNOLOGY TRANSFORMATION FOR THE
DEVELOPMENT OF SEVERE PLASTIC DEFORMATION (SPD) ......................................... 66
THE ANALYSIS OF CERTIFICATION ISO AT ENERGY MANAGEMENT SYSTEM IN
INDONESIA ................................................................................................................................. 77
ENVIRONMENTAL CONDITIONS OF OIL PALM FARMING IN JAMBI, INDONESIA .... 83
EFFECT OF DIFFERENT PH EXTRACTION ON THE YIELD, PURITY, SOLUBILITY,
AND PROTEIN COMPOSITION OF LUPIN AND SOYBEAN PROTEIN ISOLATES .......... 92
THE APPLICATION OF DURIAN RIND PECTIN TOWARDS THE CHARACTERISTICS
OF STRAWBERRY JAM .......................................................................................................... 103
KNOWLEDGE MANAGEMENT SYSTEMS AS INSTRUMENTS TO IMPROVE
INNOVATION, GROWTH, AND THE SUSTAINABLE COMPETITIVE ADVANTAGE OF
INDONESIAN SMALL AND MEDIUM ENTERPRISES ....................................................... 124

3

INTRODUCTION
Many of the problems such as food availability, environmental destruction, pollution, climate
change, etc. are the real issues that we need to face. Of course, science and technology will
undoubtedly make a real contribution to the development of solutions. But there is a growing
concern of the „quick-fix‟ technological solutions, what is the impact of these technologies
and applications on the sustainability of the resource itself?
Our world is now home to more than six and a half billion people. Currently, about twenty
percent of the world is consuming eighty percent of the world‟s resources, while those who
consumed less trying to catch up by following the existing model. Many ecological and social
impacts of these changes have become apparent. The suffering of our world then led to a
concept of how to maintain the sustainability for us to get a better quality of life
Sustainability than becomes much more touchable and relatable both to individuals and to life
science when we instead begin to talk about quality-of-life or well-being. This comprises
looking at sustainability through the lens of our everyday events, seeing things like food and
eating, enjoy the beautiful forest while spending time with family, having time to think or
fresh air to breathe, thus so-called an infinite value.
One of sustainability‟s greatest assets is its ability to start conversations and encourage
understanding. As a whole, touching towards sustainability means moving towards a world
where net human impacts have either a neutral or an advantageous impact on the systems that
support life, and moving towards a world that truthfully respects all people and all living
things. This is not by any means new values, but perhaps the values we once held has started
missing and being run over by a fast changing dynamic-world.
There are many approaches to deliberate when thinking about sustainability in life science
world, some are linked closely with how we develop food to feed the world, while others deal
with environmental, social and life-cycles. But one thing that at least we need to agree is
everyone have their own role to contribute for this battle. For scientists and scholars, this is
very important to communicate the others about their findings, discuss it, analyze it and
estimate how it would be when applied. Because one of the great challenges for us is to keep
develop the technologies, understand how these technologies can be used appropriately and
effectively for our live and our world goodness.

Wageningen, 16 February 2014
ISSC 2013 Committee
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EFFECT OF MAGNETIC FIELD INDUCTION TO LOVASTATIN
PRODUCTION IN FRUITING BODY AND MYCELIUM OF OYSTER
MUSROOOM (Pleurotus ostreatus)
I. Nyoman P. Aryantha1 and Widya Putra2
1

School of Life Sciences and Technology, Bandung Institute of Technology, Bandung. 40132, Indonesia

Abstract
Pleurotus ostreatus can produce lovastatin which able to reduce blood cholesterol levels.
Lovastatin is a secondary metabolite which is produced by poliketide pathway. Secondary
metabolites production in some fungi can be influenced by magnetic field induction. This
research was conducted in order to analyse magnetic field effect to lovastatin production in
fruiting body and mycelium of P. ostreatus. In this research, P. ostreatus was grown in 3
mediums: PDA, F1 Medium (sawdust, corn, red rice, sugar, NPK and water) and F2 Medium
(sawdust, bran, corn, NPK, CaCO3 and water). After mycelium filled solid state fermentation
F2 medium (bag log), the F2 medium were given two variations of treatment, variation of
magnetic field exposure time (3; 6; 9; 12 hours) and variation of magnetic field strength (0.8;
1.2; 1.6 mT). During 1 month incubation period, lovastatin concentration in P. ostreatus
mycelium and fruiting bodies were measured by Spectrophotometer UV-VIS in 237 nm and
the presence of lovastatin in mycelium samples were also tested by HPLC in 237 nm as
qualitative data. From 28 fruiting body samples, the highest lovastatin concentration was
obtained from 12 hour 1.6 mT treatment and the highest lovastatin concentration in mycelium
samples was obtained from 6 hour 1.2 mT treatment. Both of these results were higher than
control. It can be concluded that the exposure time and the strength of magnetic field
induction can influence to lovastatin production in mycelium and fruiting body of P.
ostreatus.

Keywords: Lovastatin, Pleurotus ostreatus, Magnetic Field Induction
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Introduction
In Indonesia, Pleurotus ostreatus or oyster mushroom is one of the most cultivated fungi
because it has many nutritional contents, high economic value, and its market demand
increased from year to year. Every 100 grams of oyster mushroom contain 19-35% protein, 9
amino acids, such as lysine, methionine, tryptophan, threonine, valine, leucine, isoleucine,
histidine, and phenyl alanine, 1.7-2.2% fat, vitamins and minerals Sumartini (2006). In 1993,
study of Gunde-Cimerman et al. indicated that oyster mushrooms also produce lovastatin and
in 2004, Sumarmi reported extract of P. ostreatus has effect of anti-cholesterol in mice. This
becomes added value for P. ostreatus that can be used as an alternative source of lovastatin
compound in producing the anti-cholesterol drug.
Seeing this potency, several studies have been conducted to increase the lovasatin
production of P. ostreatus. Alarcon (2005) optimized the composition of the C:N in the ratio
in medium of P. ostreatus and El-shami (2007) optimized the physical conditions of growth
such as pH, growth temperature, aeration conditions in a liquid medium to produce lovastatin.
In this research, 50 Hz magnetic field is given to mycelium filled solid state
fermentation medium F2 (bag log) by variation of exposure time and certain magnetic field
strength in order to observe its effect on the activity of the growth fungi, especially
production capability of fungal secondary metabolite, lovastatin.

Materials and Methods
Microorganism and inoculum preparation

P. ostreatus which was obtained from Mycology Laboratory in Life Science Center Bandung
Institute of Technology was used in this study. It was grown on potato dextrose agar (PDA).
After 10 days, culture from PDA was inoculated to F1 medium which was solid state
fermentation medium contained 1 kg sawdust, 2 kg corn, 0.5 kg brown rice, 80 gr sugar, 40
gr NPK, and water. Mycelium of fungi which filled F1 medium after two weeks became a
seed for F2 solid state fermentation medium. Composition of F2 medium were bran, corn,
NPK, and CaCO3 which amount 5%, 10%, 1% and 2% of dry weight of sawdust that was
used. The F2 mediums were covered all by mycelium after two weeks and they were given
treatment of magnetic field induction.
7

Magnetic field induction treatment

After magnetic field induction treatment (Table 1), all F2 medium were incubated for 1
month, observed the growth of their fruiting bodies and measured of the lovastatin in fruiting
bodies and mycelium of P. ostreatus.

Table 1. Variation of magnetic field induction treatment

Exposure time (Hours)

3

6

9

12

0.8

P1

P2

P3

P4

1.2

P5

P6

P7

P8

1.6

P9

P10

P11

P12

Magnetic Field (mT)

Lovastatin Extraction from Fruiting Body and Mycelium of P. ostreatus

Every mycelium and fruiting body samples was dried in oven for 24 hours at 60°C, blended
to become powder and filtered. One gram of the sample was dissolved with 25 ml distilled
water, added HCl 1 M until the pH is 3, and added 25 ml ethyl acetate. Then, the sample was
agitated by incubator shaker at 200 rpm, 30°C for 2 hours Valera et al. (2005). Upper organic
phase was centrifuged at 5000 rpm for 20 minutes and the supernatant is separated and used
for next step.

High-Performance Liquid Chromatography

This method is used to determine the presence of lovastatin in sample (qualitative analysis).
About 1 ml of sample from the extraction process in vial tube was concentrated in incubator
40°C to become dry residue. Then, 2 ml acetonitrile (grade HPLC) was added to the sample
and 20 µL of it was injected directly to HPLC machine (Shimadzu type LC 10 AD). Column
which was used in this measurement is Octadesyl Sylil (ODS) column AscentisTM C18 size
4.6 x 250 mm with eluent acetonitrile : deion (60:40, v/v). The system conditions of this
8

HPLC were flow rate 1.5 ml/minutes and wavelength 235 nm Samiee et al. (2003). Besides
samples, standard solution with concentration of 150 ppm was also injected to HPLC
machine as retention time standard of lovastatin‟s presence.

Spectrophotometer UV-VIS
Spectrophotometer UV-VIS method is used to determine lovastatin‟s concentration in fruiting
body and mycelium. Absorbance of samples was measured by Spectrophotometer UV-VIS
machine (Shimadzu type UV-3101PC) with wavelength 237 nm Hasimdanuri (2008).
Lovastatin‟s concentration was determined based on standard curve of lovastatin which is
made from “Lotyn” powder (anti-cholesterol medicine which contains 20 mg lovastatin). The
sample was mixed with 10 ml ethanol: 0.1 N NaOH (1:1, v/v) and heated at 50°C for 20
minutes. Then, the result was neutralized by HCl 1M to pH 7.7 and filtered by Whatman
membrane number 2 Lopez et al. (2003).

Analysis of pH in F2 medium

To determine the pH of F2 medium, 20 gram of medium sample was put in beaker glass 100
ml and added 50 ml distilled water, left for 25 minutes. Then, it was measured by pH meter
Adenipekun (2011).

Results and Discussion
Examination of lovastatin‟s presence by HPLC gave positive result. Chromatogram of
mycelium sample of 6 hours 1.2 mT treatment and chromatogram of mycelium sample before
treatment showed peak with retention time around 7.7 minutes which closely with retention
time of lovastatin in chromatogram standard, 7.642 minutes. While, the retention time of
ethyl acetate solvent approximately 2 minutes (Figure 1). Both of the samples represented of
lovastatin‟s presence in mycelium and fruiting body samples which were extracted by the
same extraction method.
From 104 baglog in total (every treatment including control had 8 repetitions) which
were incubated for 1 month, 28 baglog of them produced fruiting body and their lovastatin‟s
production were analyzed. The result showed that fruiting body from 12 hours 1.6 mT had
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the highest average lovastatin concentration among others, 404.93 µg/g. While fruiting body
from 9 hours 1.6 mT had the lowest average lovastatin concentration, 306.4 µg/g (Figure 2).
These results were not analyzed by statistical analysis because not all treatment gave fruiting
body and some of the treatments only produced 1 sample of fruiting body.

minutes

minutes

Standard Lovastatin
Concentration = 150 ppm
Retention time = 7.642
minutes

minutes

Mycelium sample of 6 hours 1,2 mT
treatment
Lovastatin is detected on retention
time 7.787 minutes

Mycelium sample before treatment
Lovastatin is detected on retention
time 7.717 minutes

Figure 1. HPLC Chromatogram of standard and mycelium sample of P. ostreatus

Average
Lovastatin
Concentration
(µg/g)

Control

3h
0.8 mT

3h
1.2 mT

3h
1.6 mT

6h
0.8 mT

6h
1.2 mT

6h
1.6 mT

9h
0.8 mT

9h
1.2 mT

9h
1.6 mT

12
0.8 mT

12 h
1.2 mT

12 h
1.6 mT

Figure 2. Lovastatin concentration in fruiting body of P. ostreatus
NB: Sign (*) means that lovastatin‟s concentration was not measured because no fruiting body produced by the
treatment.
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For mycelium sample, there were 42 samples which measured their lovastatin (36
from magnetic field induction treatment, 3 controls and 3 mycelium samples before 1 month
period of incubation) and the result of measurements were averaged for each treatments
(Figure 3).

3

6

9

12

Control

Exposure time of magnetic induction (hours)

Figure 3. The average amount of lovastatin concentration in mycelium of P. ostreatus

The average amount of lovastatin concentration in control was 377.29 µg/g and in
sample before treatment (sample before 1 month period of incubation) was 282.83 µg/g.
When comparing between sample after treatment, control and sample before treatment,
lovastatin‟s concentration before treatment had the lowest concentration among others. This
showed that more lovastatin was produced during 1 month incubation period because in that
period, carbon and nitrogen source in the medium more and more reduced thus might be
urged regulation of gene expression and enzyme activity in polyketide synthesis pathway to
produce lovastatin Hajjaj (2001).
Based on Figure 3, the highest amount of lovastatin‟s concentration is obtained from 6
hours 1.2 mT treatment, 469.9 µg/g. This result is supported by statistical analysis, One Way
ANOVA and Post Hoc LSD. Statistical analysis (α = 0.05) showed that 6 hours 1.2 mT
treatment in general had significant different than other treatments, except 9 hours 1.6 mT, 6
hours 0.8 mT and 3 hours 0.8 mT were not significant because standard deviation of those
treatments were too broad.
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Analysis of pH in F2 medium (Figure 4) showed that initially, pH of medium had met
suitable pH range for growth of P. ostreatus, 6-7. After the mycelium covered F2 medium,
pH in medium began to decline significantly to 4.867 because the metabolism of P. ostreatus
produces acids, such as oxalic acid from combination of sawdust and CaCO3 in medium Tsao
(1963).
However, after 1 month incubation period, pH in medium increased because glucose
and carbohydrate content in medium had been used, so the oyster mushroom used source of
nitrogen in medium and produced amine compounds like alkaline. At the same time, it also
indicates that production of lovastatin began to increase Hajjaj (2001).

Condition of pH Measurement
7
6,167

6

Average pH

5

5,167

4,867

4
3
2
1
0
A

B

C

Figure 4. Analysis of pH in F2 Medium. A is F2 medium before inoculation F1 seed, B is F2 medium has been
filled by mycelium (before magnetic field induction treatment) and C is F2 medium after 1 month period
incubation (after magnetic field induction treatment)

Result of this study strengthens evidence that magnetic fields can influence the
production of secondary metabolites in fungi. There were already some researches to study
this related topic. Two of them were the effect of ELF (Extremely Low Frequency) magnetic
field exposure on the production of cellulose and citric acid from Aspergillus niger Gao et al.
(2011) and the effect of magnetic field induction on lovastatin‟s production in Laetiporus sp.
Raisa (2010).
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Conclusion
It can be concluded that the exposure time and the strength of magnetic field can influence to
lovastatin production in mycelium and fruiting body of P. ostreatus. The highest lovastatin‟s
production in fruiting body is 404,93 µg/g from 12 hours 1,6 mT treatment and the highest
lovastatin‟s production in fruiting body is 469,9 µg/g from 6 hours 1,2 mT treatment. Further
research is needed to analyze the effect of magnetic field induction in cell metabolism of P.
ostreatus which has specific role in producing lovastatin and examination of lovastatin‟s
effectiveness from mycelium and fruiting body of P. ostreatus which have been treated by
magnetic field induction in reducing blood cholesterol level.
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FOOD SAFETY AWARENESS AMONG HOUSEWIVES IN BOGOR
INDONESIA

Maimun1, M. S., Kusumaningrum1, H. D., & Mertanegara2, A. A. N
1

Food Science and Technology Department-Bogor Agricultural University, Bogor, 16680,
Indonesia
2

Indonesia National Agency of Drugs and Food Control, Jakarta, 10560, Indonesia

Abstract
The purpose of this study was to get informations about awareness and behaviour of
housewives upon food safety risk during purchasing, handling, and preparation of food so
that it could be used by stakeholders to take an action in food safety concern. Face-to-face
interview were conducted within purposive sampling to 139 housewives in Bogor Indonesia
by using systematic questionnaires which was consisted of 36 closed questions, regarding to
respondents socio-demography, food safety risk awareness, food shopping and safety
behaviours. Issues on genetically modified food, irradiated food, and food intoxication have
not been getting enough respondents attention. However, respondents were aware on the
presence of food safety risks. Respondents characteristics (i.e. education and expenditure
level) did not affect respondents hygiene awareness. On the other hand, educational
background correlates inversely with the first priority place to buy both for fresh and
processed food. However, the higher level of education, tended not to choose the vegetable
vendors as a first priority place. Expenditure level did not correlate with first priority place
but positively correlated with the first priority factor to buy fresh and processed food.
Furthermore, price became the main considered factor when buying both for fresh and
processed food product, followed by halalness and product quality. Food safety behaviours
towards application of five keys on food safety was good, with an average value of 3.99 out of
5, with the standard deviation of 0.37. Moreover, education and expenditure levels positively
correlated with respondents behaviour in implementing five keys of food safety.

Keywords: housewives, food safety, awareness, behaviour, survey
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Introduction
Food safety level in one country can be seen from its foodborne illness cases, the more cases
showed the worst food safety level. Food outbreak as reported in Tabel 1. showed that food
foodborne illness impacts greatly to human health. Annual report from Indonesia National
Agency of Drugs and Food Control (NADFC) in 2011 showed that majority of foodborne
illness in Indonesia were caused by household food products (45.31%). This fact explained
the high risk of household food safety products. Housewife has a important role in this case
thus study of housewife food safety awareness as gate keeper of food safety in household is
needed.

Tabel 1. Foodborne illness in Asia countries

Country

Year

Foodborne illness

Bangladesh

1998

1,657,381 cases 2,064 people dead

China

2002

200 children falled ill and 38 people dead
because of rat poison contamination in bread

2008

300,000

babies

falled

ill

because

of

contaminated infant formula
India

-

8,000-100,000 cases each year, 1,000 people
dead

Korean Republic

2003

7,909 cases

Thailand

-

120,000 cases each year

Japan

1996

9,578 people falled ill because of Escherichia
coli infection in turnip

2000

14,780 people poisoned because of consuming
contaminated dairy products

Source: Prabhakar et al. 2010; DeWall 2005

Materials and Methods
Research was carried out by using survey questionaire method. Questionaire was distributed to
housewives in Bogor on February until March 2013.
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Sampling Method

Sample was determinated by using purposive sampling method. Sampel was choosen
randomly step by step by randoming region and village according to the sample characteristic
needed. In order to ensure a reasonable accuracy of results, amount of minimum sample was
counted by using slovin‟s formula which is writen as :
2

2

n = Number of samples
N = Total population
e = Error tolerance (10%)
Thus, the minimun sample based on slovin‟s formula was 100 respondents.

Questionnaire Design and Testing

Questionnaire consisted of 36 closed questions regarding to respondents socio-demography,
food safety risk awareness, food shopping and food safety behaviours. Validity and
realiability test was carried out to validate questionaire before used.

Data Collection and Analysis

Data was collected by face-to-face interview along February until March 2013. Valid
questionnaire was encoded and inputed into statistical software SPPS 16.0 for windows.
Scoring process was only applied food safety behaviour block in order to obtained awareness
level regarding to food safety behaviour. Categorization was based on justice expert which
was ranged from not very good (0) into very good (5). The data was summarized using
descriptive statistics (frequency and cross tabulation). Correlation between variabel was
analyzed by using non-parametric statistic such as spearman correlation.
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Results and Discussion

Demographic

Based on empirical studies, consumer demographic characteristics especially gender, age,
education level, and income affect consumer behaviour towards food safety (Wilcocky et al.,
2004; Tucker et al. 2006; Bektas et al. 2011). Data from the 139 questionnaires showed that
54% of respondents resided in urban areas while 46% in the district areas. A vast of
respondents aged between 20-59 years old with a tendency ranged from 20 to 44 years (65%).
Most respondents in this study have completed upper secondary education (54%), while only
5-6% graduated diploma or degree. Most of respondents spent Rp 750,000 – Rp 1,250,000
(47%) and 30% spent Rp 1,250,000-Rp 2,500,000 for their food consumption so it can be
concluded that respondents were categorized as middle to lower economic groups who tend
to allocate most of their income for food consumption. The majority of respondents were
responsible in purchasing (94.00%) and cooking (90.00%) food, while less than 10.00% gave
this responsibility to other family members or housemaid. It showed that housewives had a
significant role in preparing food for household consumption.

Perception in food safety

Perception in food safety can be seen from respondent‟s opinion about food distribution
hygiene and respondents attention in several food safety issues. In this research, respondents
showed that the proportion was quite balanced between confident (30%) and unconfident
(32%) to the food distribution hygiene. Based on interview, respondents said that did not
really trust the product hygiene so it would be cleaned once again before consumed. It
showed that respondents had a good attention to the product cleanness. In this study did not
appear significant relationship between education and expenditure level against confident in
food distribution hygiene.

18

Not know
4%
Very
unconfident
3%
Unconfident
32%

Very confident
11%
Confident
30%

Neutral
20%
Figure 1. Confident on food distribution hygiene

Most of respondents gave attention to several food issues such as food poisoning
(93.5%), hazardous chemicals abuse (95%), and pesticides residue in agricultural products
(80.6%). Whereas irradiated and genetically modified food product were not concerned by
most respondents because irradiated and genetically modified food products maybe were not
familiar yet since few of these products were encountered and consumed.
Foodborne illness cases in Indonesia based on NAFDC report in 2011 was high. A
128 cases exposed to 18,144 people and 6,901 people falled ill while 11 people died. Food
poisoning in Indonesia was mostly caused by household food product (45.31%). This fact
was consistent with respondents‟ perception that stated food poisoning commonly occured
(36.7%). Whereas there were still many respondents stated that it was rarely (27.3%). It could
be due to a lack of information about food poisoning.
NADFC report stated that celebaration/party and school were the two most common
place to be occured food poisoning and it matched with respondents‟ perception that
celebration (47.5%) and school (37.4%) laid in the upper position than others places that
indicated respondents had concern on high risk places. Another question in this block
measured what a clean food processing equipment meant. A total of 61.9% of respondents
defined clean food processing equipment as equipment that did not contaminate food, 35% as
equipment that did not rust or burnt, and only one respondent who answered with the new
equipment. It demonstrated a good knowledge and perceptions of food safety among
respondents. A clean food processing equipment did not mean that those equipment were
brand new but those did not contaminated food whether microbiological, physical and
chemical contamination as well.
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Food shopping behaviour
Vegetable vendors (41%) become respondent first place to fulfill daily food needs. Second
place was placed by traditional market (31.7%) and followed by grocery shop (29.5%). Easier
access driven to choose vegetable vendors instead of traditional markets or grocery shop.
Spearman correlation between education level with first priority shopping place showed a
weak negative correlation (correlation coefficient = -0218) but significant, whereas
expenditure level did not effect significantly. The higher education level tend not choosing
vegetable vendors as a first priority place. The higher of education level increases alertness
and awareness, so that respondents tend to be more wary of the safety aspects.
Price became the main considering factor when shopping processed food products
followed by product quality, halalness, expire date and nutritional value. Spearman
correlation test results also showed that education and expenditure level positively correlated
with the main factor when shopping. Results of other studies conducted by Leibtag and
Kaufman (2003) showed that low income families would try to shop as economical as
possible in order to reduce spending on food by buying discounted products, reducing quality
and purchasing local brands products.
Price also became the main considering factor when shopping fresh food products
such as meat, fish, or vegetables. Four out of ten respondents chosed price as the first factor,
followed by quality and safety aspect. Fresh food products had higher food safety risk than
processed food products. This risk would be higher if it would be consumed as raw product.
Nurjanah (2006) showed that the sample which did not undergo to heating process such as
cucumbers contained a high amount of total microbes (2.9-6.8 log CFU / g) and coliforms
(2.5-3.7 log MPN / g) higher than chicken fried / grilled which contained lower total
microbes and coliforms (<1.4 log CFU / g and <0.3 log MPN / g). Educational level was
positively correlated with the first priority factor to buy processed and fresh food but with
weak corelation and significant at the level of 0.01 and 0.0, respectively. It indicates that
price remains a priority for all respondents despite having high levels of education. High
level of expenditure did not correlate with priority shopping place but positively correlated
with the first priority factor to buy processed and fresh food shopping.
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Food Safety Behaviours

World Health Organization (WHO) developed a food safety campaign "Five Keys to Safer
Food" in order to diminish bad practices of hygiene, sanitation and food handling in society.
Five key of food safety are 1 ) keep clean ; 2 ) separate raw food with cooked food (prevent
cross-contamination) ; 3 ) cook properly ; 4 ) keep food at safe temperatures and 5 ) use safe
water and raw material (WHO 2006).
Scoring data showed that five key of food safety implementation was categorized as
good with an average value of 3.99 and a standard deviation of 0.37. Data in Table 2. showed
that hygiene aspect, separating raw and cooked food, keep at the safe temperature, as well as
use safe water got a very good score, however cook properly aspect still graded neutral
proned to bad . This could be due to thermometer using was not popular yet in Indonesia, so
respondents used to stick or taste to ensure donenees of meat. This behavior has been done
for generation to generation so respondent thought that it was a enough to ensure that meat
had cooked properly. This behavior was suspected became food poisoning factor when
cooked in large quantity such as in celebration/party or catering. Another behaviour that
deserves attention were washed hands occasionally before processing of food (16.55 %) and
kept food at room temperature (8.63 %).

Tabel 2. Food handling behaviour asessment

Aspect

N

Mean

Std. Deviation

Category

Use clean water

139 5

0

Very good

Keep clean

139 4.1

0.88

Very good

Cook properly

139 2.2

0.60

Neutral

Seperate/prevent cross-contamination

139 4

0.67

Very good

Keep at safe temperature

139 4.1

0.78

Very good

Overall

139 3.9

0.37

Good

Education and expenditure level positively correlated with respondents behaviour in
implementing five key of food safety. Education levels had weak correlation but significant at
the level of 5% while expenditure also had moderate correlation and significant at the level of
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1%. This was suported by what Bektas et al. (2011) stated that high income levels and the
presence of elderly people in the household increases posibility to have good knowledge of
food safety.
Results of this study may also provide an overview that food safety behaviour in
household was not so bad but still need improvement in certain aspects. It can also straighten
that household food product as the biggest cause of foodborne illness cases in Indonesia was
not a good term to be used when referring to the findings in this study. The critical point in
this case was cooking and storage. Cooking unproperly as well as keeping ready-to-eat food
at room temperature or unsafe temperature for long time was highly risk to recontaminated
and can harm to consumers. Risk communication and consumer education to promote food
handling properly can be a great way for the risk management of food poisoning to the
consumer as the end of the food chain (Patil et al. 2005). Therefore dissemination of
comprehensive information is required so consumer could get knowledge and practice food
safety behaviour in daily life.

Conclusions
Respondents had good enough awareness and attention to food safety risk. Vegetable vendors
and price become the first respondent priority when shopping fresh and prcessed food
products. Cooking properly and keeping food in safe temperature was not good enough.
Educational and expenditure level is positevely correlated with food safety practice.
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Abstract
Anthurium is one of the most important flowers in the Indonesian floriculture market. Most
anthurium varieties are exported from the Netherlands; however, the availability of native
new varieties is essential to reduce imports and increase the local farmers’ income. One of
the most important stages in the selection of new varieties is the capacity of genotype
propagation. Therefore, this study aims to investigate potential genotypes, explants, and
media for in vitro propagation of anthurium via callus initiation. The research was conducted
at the Tissue Culture Laboratory, Indonesian Ornamental Crops Research Institute (IOCRI),
Segunung, Cianjur, West Java, Indonesia. The explants investigated were the young leaves
and petioles of five anthurium lines available in the IOCRI’s breeder collection (Hib.FA-4;
Hib.FA-6; Hib.FA-11; FR-1; and FR-2). The studied media included five compositions of
Winarto and Texiera (WT) basal medium with different plant growth regulators (WT + 1.5
mg/L TDZ + 0.01 mg/L NAA; WT + 1.5 mg/L TDZ + 0.02 mg/L NAA; WT + 1.5 mg/L TDZ +
0.75 mg/L BA + 0.02 mg/L NAA + 0.25 mg/L 2,4-D; WT + 0.5 mg/L TDZ + 0.1 mg/L BA +
0.2 mg/L NAA; and WT + 0.5 mg/L TDZ + 1 mg/L kinetin + 1.5 mg/L 2,4-D). The results
showed that Hib.FA-4 was the most responsive line in callus initiation. Moreover, the leaf
explant was the most suitable explant and WT + 1.5 mg/L TDZ + 0.02 mg/L NAA medium
was the most prospective medium for callus induction.
Keywords: Anthurium lines, Cytokine, Auxin, Explants, Medium
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Abbreviation:
2.4-D : 2,4-Dichlorophenoxyacetic acid
2ip

: N6-(2-Isopentenyl) adenine

BA

: Benzyl adenin

BAP
MS

: Benzyl amino purine
: Murasighe and skoog medium

TDZ

: Thidiazuron

NAA

: 1-Naphthaleneacetic acid

Introduction
Anthurium (Anthurium andraeanum Linden. ex Andre) is an important plant in the
Indonesian floriculture industry, although most anthurium seeds are exported from the
Netherlands. The breeding of anthurium in Indonesia is actively performed by government
institutions as well as by private companies. Important stages before the release of a new
variety include the selection and propagation of breeder lines; in vitro propagation is the
technology with the most potential for development for such purposes. Further, in vitro
propagation is suitable for mass production, with high quality and uniformity, and within a
relatively short time compared to conventional propagation, which requires considerable time
and leads to non-uniform growth.
Callus initiation is an important step in the in vitro propagation of several plants. The
success rate on callus initiation stage is strongly influenced by factors such as media
composition, growth regulators, age of the tissue, donor plant genotype, and physical growth
factors (light/dark conditions) (Geier, 1986). The presence of growth regulators in the culture
medium is an essential factor; the perfect combination of basic media and plant growth
regulators (PGRs) increases cell division activity in morphogenesis and organogenesis.
There are two classes of PGRs that are frequently used in in vitro culture, namely
cytokinin and auxin. The type and concentration of growth regulators required for each type
of plant differs and depends on the genotype and physiological conditions of the plant tissue
(George and Sherington, 1984; Geier, 1986; George, 1993; Lestari, 2011). Previous studies
have shown that cytokinin and auxin are often used in combination for callus initiation on
anthurium propagation; for example, 1.0–4.0 mg/L 2,4-D combined with 0.33–1.0 mg/L
kinetin (Kuehnle et al., 1992); 4.4 μM BA with 0.36 μM 2,4-D (Kuehnle and Sugii, 1991;
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Sreelatha et al., 1998); 4.4 μM BA with 0.9 μM 2,4-D (Teng, 1997); increasing the 2,4-D
concentration from 6.75 μM to 18 μM (Hamida et al., 1997); and using 1 mg/L BA and 0.1
mg/L 2,4-D on leaf explants (Maholthra et al., 1998). Whereas Keller et al. (1986) used MS
medium plus 2 mg/L kinetin for callus induction on leaf explants. Moreover, Viegas et al.
(2007) combined 0.08 mg/L 2,4-D, 1 mg/L BAP, and 1 mg/L 2iP, and Atak and Celik (2009)
used 0.6 mg/L 2,4-D and 1 mg/L BA to induce callus from leaf explants.
Since different genotypes respond differently to the medium, we tested new anthurium
lines from the Indonesian Ornamental Crops Research Institute breeder to produce callus and
select the most responsive genotype for in vitro propagation and for the mass propagation of
seeds. Thus, the purpose of this study was to ascertain the optimum medium, the best explant,
and the most responsive genotypes for callus propagation of anthurium.

Materials and Methods
Plant materials (explants) were young leaves and petioles of five anthurium lines (Hib.FA-4;
Hib.FA-6; Hib.FA-11; FR-1; and FR-2). The composition of the callus initiation medium
consisted of basal media together with five different combinations of PGRs. The basic
medium was the Winarto and Teixeira (WT) medium (Winarto et al., 2011) containing 3%
sucrose and 0.3% gelrite at pH 5.8. The five media combinations using cytokinin and auxin
were: KA-1 = WT + 1.5 mg/L TDZ + 0.01 mg/L NAA; KA-2 = WT + 1.5 mg/L TDZ + 0.02
mg/L NAA; KA-3 = WT + 1.5 mg/L TDZ + 0.75 mg/L BA + 0.02 mg/L NAA + 0.025 mg/L
2,4-D; KA-4 = WT + 0.5 mg/L TDZ + 0.1 mg/L BA + 0.2 mg/L NAA; and KA-5 = WT + 0.5
mg/L TDZ + 1 mg/L kinetin + 1.5 mg/L 2,4-D.
Sterilization was performed by soaking explants in a solution of detergent followed by
70% alcohol. Explants were then soaked in 5% and 2.5% NaOCl. Finally, explants were
rinsed in sterile distilled water, 4 to 5 times. Leaf explants were cut to approximately 1–1.5
cm and petiole explants were cut to approximately 0.5–1 cm. Explants were cultured on
treated media and incubated in dark conditions at 24 ±1°C until callus formation (±4 weeks),
after which the calli were transferred to light conditions with 12-hour light photoperiodicity
for approximately 2 months.
The variables observed were i) explant growth potential (%); ii) explant response score;
iII) type, color, and callus growth; Iv) time to callus initiation (weeks); and v) percentage of
callus initiation (%). The data presented are the average of data observations, followed by the
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standard deviation values.

Results and Discussion
The results showed that the five anthurium lines (Hib.FA-4; Hib.FA-6; Hib.FA-11; FR-1; and
FR-2) responded differently when cultured on callus initiation medium. The differences were
observed in nearly all the variables investigated. The results are presented in Tables 1–5.
The growth potential of explants is characterized as the initial response observed when
explants are cultured in artificial medium. Early growth response begins when the explants
remain fresh and commence to swell/enlarge, indicating the absorption of nutrients. In leaf
explants, the leaves swell and curl prior to the initiation of callus (Figs. 1A; 2A,B; 4,B; and
4A); the swelling developed mostly on the wounded part explants . In leaf explants the
swelling developed in the edge of the explant (Figs. 1 A; 2 A; 4 A; and 5 A) while in petiole
the swelling developed in upper and bellow part of petiole (Figs. 1C; 3 A,B; and 4 C,D).
Based on the results of this study, all five anthurium lines had an initial response (explants
remained fresh and swelled) when cultured in artificial medium. The percentage of growth
potential differed between the five lines and ranged between 70% and 90% (Table 1). The
leaf explant with the most potential for growth was Hib.FA-4 (91.33%), while the greatest
potential growth response in petiole explants was observed in Hib.FA-6 (86.00%). From the
five lines, the lowest growth potential was observed in the FR-1 line with 72.33% of leaf
explant and 70.67% of petiole explant.
Tabel 1. Average growth potential (%) of 5 Anthurium lines in callus initiation medium
Growth Potential (%)
Lines
Leaf
Petiole
Hib. FA-4
91.33±2.03
80.67±3.07
Hib. FA-6
85.33±3.55
86.00±4.51
Hib. FA-11
82.67±2.65
77.33±1.67
FR-1
72.33±3.06
70.67±3.33
FR-2
80.00±2.00
81.33±1.55
Growth potential count by explant swollen / fresh after 1 month in the culture

A

B

C

D

Figure 1. Callus initiation and growth of Hib. FA-4 line. A-B: leaf explant and C-D : petiole explant
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A

B

C

Figure 2 . Callus initiation and growth of FA-6 from leaf explant

A

B

C

Figure 3. Callus initiation and growth of Hb.FA 11 from petiole explant

A

B

C

Figure 4. Callus initiation and growth of Hib. FA-1 from leaf explant

A

B

C

D

Figure 5. Callus initiation and growth of of Hib. FA-2 clone. A-B: leaf explant and C-D : petiole explant

The callus formation score for early callus initiation varied between lines (Table 2).
Calli generally developed on the swelling part of explant. Two types of callus formations
were observed, namely friable callus (crumb callus and easily regenerated shoots) and nonfriable callus (massive/compact callus and shoots regenerated with difficulty). Callus color
was commonly yellow at the beginning of callus initiation and usually turned green after a
few months in light conditions (Table 3).
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Tabel 2. Explant response of 5 Anthurium lines in callus initiation medium after 2 weeks dark incubation.
Lines
Type of explant
Callus initiation medium (KA)
KA-1
KA-2
KA-3
KA-4
KA-5
+++
+++
++
+++
++
Leaf
Hib. FA-4
+++
++
Petiole
++
+++
++
Leaf
Hib. FA-6
Petiole
Leaf
Hib. FA-11
+++
+++
+++
++
Petiole
+++
+++
+
+++
+
Leaf
FR-1
+
+
+
+
+
Petiole
++
+++
+
++
+
Leaf
FR-2
+
++
+
+
+
Petiole
- = browning explant; + = green explant but not yet response; ++ = explant started to swollen; +++ = explant started
callus initiation

Table 3. Type, color, and growth of callus in the best initiation medium
Lines

Type of callus

Hib. FA-4
Hib. FA-6
Hib. FA-11
FR-1
FR-2

crumbs
crumbs
crumbs
crumbs
massive

Color of callus
yellow
yellow
yellow
yellow
yellow

Growth type of callus
fast
fast
fast
slow
medium

Callus initiation time varied from 6–8 weeks and the percentage of callus initiation
ranged from 16–33% (Table 4); these results are better than those of previous studies, in
which initiation time ranged between 2 and 3 months and the initiation rate was lower (6–
18%) (Rachmawati et al., 2007). This suggests that media development induced a positive
response. The response varied depending on genotype, medium, and explant type. Both
explants of Hib.FA-4 had the best response in culture media as indicated by the faster callus
initiation time (6–6.5 weeks) and the highest successful callus initiation (30–33%) (Fig. 1).
Hib.FA-6 and Hib.FA-11 lines also showed similar responses (Figs. 2 and 5). On the contrary,
both explants of Hib.FR-1 responded negatively in all media. Overall, the best response for
callus initiation in anthurium lines was obtained by using the leaf explant of Hib.FA-4 in KA2 medium. Different genotypes prompt different responses to callus induction according to
the individual genotype‟s adaptation to artificial medium; thus, some genotypes are more
easily propagated than others (Ozyigit et al., 2007). Regardless different explant, leaf explant
produced higher percentage of callus compared to petiole explant. These related to
morphogenesis capacity, the gradient level of endogenous PGR‟s and nutrition may be
different in two explants (Yepes and Aldwinckle,1994). Furthermore, the physiological
condition of the plant (in vivo condition) has been correlated with the effect of PGRs in
plants regeneration (Agarwal and Bhojwani, 1993).
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Tabel 4. Period of callus initiation (week) of 5 anthurium potential clones
Type of
Lines
Callus initiation medium (KA)
explant
KA-1
KA-2
KA-3
KA-4
Leaf
7.00±1.40
6.00±0.70
8.50±0.70
7.00±1.00
Hib. FA-4
Petiole
6.50±0.70
7.00±1.40
Leaf
8.00±0.00
6.50±0.70
7.50±2.10
Hib. FA-6
Petiole
Leaf
Hib. FA-11
Petiole
7.50±0.70
6.00±1.40
7.50±0.7
8.00±1.40
Leaf
7.00±0.00
7.00±0.70
7.50±0.70
FR-1
Petiole
Leaf
8.00±1.40
6.00±0.70
8.50±1.40
FR-2
Petiole
8.00±0.70
-

KA-5
8.00±1.400
-

Callus Initiation period were count by the first cultured explant until first initiation callus in dark incubation

Tabel 5. Callus initiation (%) of 5 anthurium potential clones in callus initiation medium.
Lines
Hib. FA-4
Hib. FA-6
Hib. FA-11
FR-1
FR-2

Type of
explant
Leaf
Petiole
Leaf
Petiole
Leaf
Petiole
Leaf
Petiole
Leaf
Petiole

Callus initiation medium (KA)
KA-1
26.70±0.58
26.70±0.58
26.70±0.58
23.30±0.58
23.30±0.58
-

KA-2
30.00±1.00
33.30±0.58
33.00±0.60
30.00±1.00
23.30±0.58
26.70±0.58
16.70±0.58

KA-3
26.70±0.58
30.00±0.00
26.70±0.58
-

KA-4
23.30±0.58
26.70±0.58
23.30±0.58
20.00±0.00
20.00±1.00
-

KA-5
20.00±1.00
-

Callus initiation (%) count by total initiation callus per total explant in callus initiation medium (10 explant/clone/medium))

The medium is an important factor not only with regards to the composition and
concentration of macro- and micronutrients, vitamins, types and concentrations of sucrose,
and pH, but also to the composition and concentration of PGRs added to the medium (Gosal
and Grewal, 1991; Bajaj, 1991). The use of PGRs depends on the desired direction of plant
tissue development. Cytokinin is generally used for the formation of shoots while auxin is
commonly used for root formation. However, both cytokinin and auxin can be used for shoot
or root formation depending on their ratios and concentrations, given that the presence of a
certain PGR can often enhance the activity of another (Geier, 1986; George, 1993; George
and Sherington, 1984; Lestari, 2011).
TDZ, which is a synthetic phenylurea compound (Huettemen and Preece, 1993) and
acts as a powerful synthetic cytokinin (Mok et al., 1982), has been previously shown to have
a significant influence on the initiation of callus in the culture of anthurium (Rachmawati et
al., 2007; Winarto and Rachmawati, 2007; Winarto et al., 2011). In this study, the addition of
TDZ, with a particular concentration in combination with other PGRs, to callus initiation
media was proven to increase the capacity of anthurium callus formation. These results
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indicate that TDZ has a significant impact on the ability of callus initiation in the in vitro
culture of anthurium. Previous studies have reported the use of TDZ in the induction of
embryogenesis and organogenesis in many plants, in both adventitious or axillary buds, and
has been widely used to regenerate some recalcitrant plant species and plants that are difficult
to regenerate (Chen and Chang, 2000; Das et al., 1998; De Gyves et al., 2001; Murch and
Saxena, 2001; Singh and Syamal, 2001; Zhang et al., 2001).
The role of TDZ in anthurium callus initiation relates to its ability to increase explant
cell division through its ability to maintain and increase the accumulation of auxin in explant
cells, modify the metabolism of endogenous auxin and cytokinin, and increase the
accumulation and translocation of auxin in plant tissues. Auxin, accumulated specifically in
the wounded area, is an important signal in the activity and regulation of cell division,
elongation, and dedifferentiation (Murch and Saxena, 2001; Murthy et al., 1995). In this
experiment, the presence of TDZ in the medium increased the accumulation of NAA and
induced callus formation. More specifically, the ideal ratio and concentrations of TDZ and
NAA lead to successful callus initiation. As proposed by Nhut et al. (2011), hormonal
responses in tissue culture are highly influenced by the concentration of PGRs.

Conclusions
Hib.FA-4 showed the best response in callus initiation with the fastest time to callus initiation
and the highest callus initiation percentage. The best callus initiation was in leaf explant and
media was WT + 1.5 mg/L TDZ + 0.02 mg/L NAA.
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Abstract
Although there has been a major reform in Indonesian local government for more than a
decade, there are still problems in building projects in local government, particularly in the
areas of capacity building, economic performance and people competency. An important
issue is how the people in the construction industry of local regions have engaged with
sustainable practices. To understand their perceptions of sustainable practice, this research
is conducted using a questionnaire survey together with in-depth interviews involving 10
practitioners in building projects within local/regional governments. The results of the survey
indicate that of 21 indicators of sustainable practice on building projects, only a half are
upheld on building projects in Indonesian local governments. The research found that
sustainable practices have not been fully implemented, and identified potential influences in
terms of social, economic and environmental factors.
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Introduction
The Indonesian construction industry has been growing up from 2004, following the
economic crisis in 1999. Regional autonomy in Indonesian local governments is an area of
major structural and policy change. While the central government implements regulations
regarding building construction, policies from local governments vary. This has affected the
construction industry, including sustainability practices.
The local Government is an excellent example of the presence of various stakeholders
of connection. Stakeholder groups with differing expectations attempt to influence the
formulation of strategies. The electorate is able to influence the situation by allocating power
to political parties. They in turn are subject to their own internal pressures from their groups
with differing expectations and must reconcile their policies with the views of opposition
parties and the administrators in the local governments.
It is useful to carry out an analysis of strategies companies involved in building
construction projects (Johnson & Scholes, 1989). After the economic crisis, the succession of
Presidents and cabinets has influenced the policies of the construction industry development
in Indonesia. An important development was the Presidential Decree (Keputusan Presiden)
No. 80 in 2003 regarding the provision of government procurement of goods/service. Then,
in 2008, the government released Act 28/2008 regarding Building Construction Regulation,
which was supplemented by the Government Regulation Act 36/2005 for operational
guidance. The objectives are two fold, firstly to enhance the function of building through
construction in harmony with the environment, i.e. the construction of buildings must comply
with the code of conduct, which ensures safety, health, comfort and the preservation of the
environment. Secondly, it is to enhance legal aspects of building construction. According to
the building construction regulations, local governments have the authority to regulate the
construction process, and stipulate the building control system for key stages of design,
approval, construction and maintenance. However, after more than a decade of reform in the
construction industry, there is still limited evidence on the significant implementation
changes resulting from the regulations, let alone sustainability practices achieved by the local
governments.
This paper describes an initial stage in identifying and defining the current condition of
sustainable practices on building projects in Indonesian local governments. The study has
analysed the perception of practitioners of sustainable practices, with the ultimate aim of
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developing an initial framework for strategy development in this sector of the construction
industry. This paper outline is presented in five parts. Introduction describing the problematic
articulation about the need of this research, then the second part following the conception
theory of sustainable construction, which leads to the research method. Overall, from the
result of this research, the latter wil be supplemented by a discussion and a conclusion.

Sustainability Concepts

The debate on the global concepts of sustainability is becoming extensive and pervasive to
every single corner of the globe. The United Nations have conducted a consensus about the
issue in 1987, commonly rehearsed as development, which meets the needs of the present
without compromising the ability of future generations to meet their own needs, with the
triple bottom line of social, environment and economic objectives.
Some literature regarding sustainability across the globe indicates particular limitations
in the implementation stage. There is a lot of literature that touches the issues of sustainable
practices in general however, not many when it comes to the level of practical
implementation in the aspects of appraisals to commissioning. While the sustainability
process is inherently dynamic, creating changes through continuous learning and adaptation
(Mog, 2004), there is a need for it to be operationalized explicitly for successful
implementation. Moreover, Boyko (2006) argued that some literature is unclear when
specific sustainability issues when they should be addressed, who actually makes decisions
and what influences them, or how different stakeholders should be engaged. Meanwhile,
Epstein and Buhovac (2010) argue that organisational culture should be aligned to
sustainability principles in order to raise the awareness of sustainability performance and
goals, and in the latter motivate sustainable decision-making.
Sustainability tends to sustain the human species, harmonising with nature and local
culture, and giving spiritual value. Sustainability goals can only be achieved if new resources
of cognition and expertise inform construction activities ( Du Plessiss, 2002). These goals
will have to come from situated and contextual appreciations of sustainability goals and local
practices developed across organisational, professional, and multicultural boundaries
(Wetherill et al. 2007).
Hill and Bowen (1997, p.237) argue that sustainable construction should be used to
describe „a process from planning, design stage and continues after the construction team
have left the project site‟. However, construction activities also involve the serviceability
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management of a building, deconstruction and recycling of resources to minimize the waste
stream provided by demolition works. The holistic process of sustainable construction
encourages the equity of economics and harmonising ecology and judicious use of natural
resources. A number of principles pointed out by Hill and Bowen (1997) would encourage
the construction industry to be more sustainable. These principles are divided into the three
pillars of sustainability, namely: social, economic, environment, with over-arching processoriented principles, which propose the principles to be followed in deciding the priority of
each pillar of sustainability.
It is necessary to give an indication of how these might be used in practice. As a
starting point, the authors have adapted the themes of Hill and Bowen (1997) as indicated in
Table 1.

Table 1. Themes of Sustainable Practice in Building Construction (After Hill and Bowen 1997 with adoption)

Themes
Social

Principles of sustainable construction
1: Human quality of life improvement by alleviation of poverty
(IMPRO)
2: Adaptable planning by local human institutions and technology
(PLANA)
3: Health and safety (SAFEH)
4: Skill of the people who participate in the project (SKILL)
5: Avoiding negative social impacts of construction work (SCOST)
6: Social benefits during the construction process (example:
employment opportunities) (SBENEF)
7: Equitable compensation for environmental change (CENVT)

Economy

1: Financial affordability (AFFOR)
2: Employment opportunity (EMPLOY)
3: Equitability of full-cost accounting and real-cost pricing
regarding efficiency in the process. (COSTR)
4: Enhance competitiveness in the market place by adopting policies
and practices that advance issues of sustainability. (COMPET)
5: Choose environmentally responsible suppliers and contractors
who can demonstrate environmental performance. (RESEN)
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Themes
Environmental

Principles of sustainable construction
1: Innovation of resource-savings methods regarding material and
energy consumption. (INOVA)
2: Reduce the use of the four generic resources used in construction,
energy, water, materials, and land, at each stage in the project life
cycle. (REDUCE)
3: Maximize resource reuse, and/or recycling to reduce the waste.
(REUSE)
4: Recycle (reduction of raw materials used in new products).
(RECYCLE)
5: Use renewable resources in preference to non-renewable
resources. (NONRE)
6: Minimize air, land and water pollution. (MINIM)
7: Create and use eco-friendly products in construction, concerning
human health and safety and minimizing environmental degradation.
(ECOFR)

Research Methods
Regarding to provide in-depth discussions and understanding of the practitioners‟ perceptions
enabling sustainable practices in building projects, a questionnaire survey together with indepth interviews from 10 building project practitioners from local governments was adopted
in this study. The survey and in-depth interview enables the research to obtain the sustainable
practices, which have been implemented in the building projects in addressing social,
economic and environmental pillars. The attributes are adopted in the current practice of
enabling sustainability in building projects consideration leads to this understanding.
Therefore, the practitioners‟ perception analysis can be given on whether these attributes are
sufficient to depict the principles of the implementation of sustainable construction practices
around this decade. The analysis can reveal the challenges for implementing sustainable
practice in Indonesian local governments by appearing the areas, which have not been given
attention.
The survey explored the themes of sustainable principles from Hill and Bowen (1997).
This initial stage of the project as a whole is aimed to capture the perception of sustainable
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practices in projects by these practitioners.
A survey of building practitioners in Indonesian local governments had been carried
out. This involved a questionnaire and in-depth follow-up interviews with 10 participants.
Respondents included a project manager, a property investor, a procurement specialist, and
civil engineers (3), contractors (2) and architects (2). Most (8) have considerable experience
between 20-25 years in building projects in local governments, and the rest have experience
of between 10 and 20 years. Eight of the respondents were professionally licenced in
building construction.
The questionnaire was developed based on the themes of sustainable practices adopted
from Hill and Bowen (1997) and selected for their relevance to building project activities.
The questionnaire asked respondents to identify the level of implementation, from their
experiences, on a scale 1 to 5, where 1 = very low, 2 = low, 3 = medium, 4 = high and 5 =
very high.
Considering the measurement result, this research should be demonstrated the accuracy
in expecting interpretable attributes in each item of questions (variables) and sub-variables by
reliability (Cronbach 1951). Reliability is defined as a degree with two or more indicators in
measurement construct. The reliable constructs intercorrelated and that they are measured in
the same latent construct or category, by different observers or occasions (Hemmersley 1992,
Hair et al. 1995). Moreover, validity of this study considers claim to validity in qualitative
research. Criteria of validity has broadly discussed for more than three decades. Some
researchers point out the criteria to assess validity. These criteria include the impact of
research setting, value of the researcher and the truth of the respondent (Hammersley 1990,
Silverman 2001). Furthermore, by the logic of qualitative research, Silverman (2001) points
out two validation methods: triangulation and respondent validation. Triangulation is a
comparisson stage from the types of data and methods that are different in category, which
navigates the correct position of the research object. Respondent validation is defined as
undertaking the findings following back to the subject being studied. This research attempts
to validate the findings by the respondent validation through in-depth interview and
additional knowledge supplied by supporting documents from the project report, facts from
observations‟ photographs and credible newspapers.
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Results and Discussion
The results are divided into two categories of respondents refering to job roles. Those two
categories are consdiered by the reasonable major factors as such managerial and
engineering. The first group contains the project manager, property investor and procurement
specialist. The second group contains the civil engineers, contractors and architects. Figure 1
presents the perception of the level of sustainability implementation in building projects in
Indonesian local governments based on the experiences of those in the first group. From the
shape of the responses on the spider diagram (Figure 1), the respondents in this group appear
to have fairly similar perceptions. There is a good level of consensus (response levels of 4 or
5) in the areas of quality of life improvement by alleviation of poverty, adaptable planning,
skills of the people who participate in the project, financial affordability, use of
environmentally responsible suppliers, reuse practices and reduction of waste.
In addition, another response level (3 to 1) likely indicates the various perceptions of
sustainable practices. Therefore, differences seem exist on the different roles between the
Project Manager, Property investor and Procurement Specialist. It is argued that different
roles should be interplayed to gain success in the respective projects. In fact, there are gaps
between property investor and management party (Procurement Specialist and Project
Management) are dealing with sustainable practices in regard with company profit orientation
and the stakeholder circumstances of public buildings sector.
According to the in-depth interviews with the first group of respondents,
implementation of sustainability practices faces obstacles because of the approaches to
budgeting by central and local governments, which is seen as excessively rigid, short-term
and unreliable in terms of cash flow. Another problem is lack of flexibility in the use of unit
prices for building construction. These lead to habits within construction companies that are
not compatible with sustainable practices.

Figure 2. Level of sustainability implementation : perceptions of project manager, property investor and
procurement specialist
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The questionnaire responses of the second group (civil engineers, contractors and
architects) are given on Figure 2. This group shows a lower level of consistency in
comparison to those from the first group. In particular, it can be seen that the architects have
a generally negative perception of the implementation of sustainable practices.
The in-depth interviews revealed differences in perceptions by the engineers,
contractors and architects. The engineers identified challenges to achieving sustainable
practices relating to disparities in construction skills and natural resources in each region in
Indonesian local governments. It can be argued that cultural diversity of this archipelagic
country influences the characteristics of human resources. There is a shortage of professional
engineers and skilled labour. Recently, quoting from the data of the National Construction
Board, Indonesia has around 30,000 professional engineers (Suradji, Krisnandar and Mulyo
2007) and 6,340 registered skilled construction workers (Statistics Indonesia 2012). There
were also concerns about commitment of conservation by decision makers in local
governments.
The contractors have a different perception of sustainability practices in building
projects. In the last decade, the contractors state that there have been significant innovations
in use of materials. Nowadays, in the construction market, materials technology provides a
wide range of options with competitive prices and a wider choice of vendors. Although
contractors have good access to the appropriate quality of material to meet the specifications
in building projects, they are also facing problems concerning the disparity of natural
resources in some local regions. They are required to comply with specifications which do
not consider the availability and viability of material resources. Importing materials from
other regions leads to additional costs. The contractors argued that the design and the contract
should consider these issues.
The architects stated that architectural design always considers sustainability.
Nevertheless, policy makers in particular situations lack commitment to achieve the relevant
master plan, which incorporates urban sustainability. The architects have a different view of
sustainable practice in comparrison with the civil engineers: with a more general perspective,
compared with increasingly detailed perspectives of the engineers. This situation depicts the
pose of the architects on the stand point of general planning which is challenged by
problematic leadership within each local government. The architect‟s idealism is eventually
defeated by the knowledge and experiences of the local leaders. However, the engineering
adjustment some times lies on the dilemmatic issues between accomplishing the project and
performing budgeting progress in certain years or each project. On the other hand, the civil
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engineers and contractors are still facing the similar practical problems on the ground.

Figure 3. Level of sustainability implementation: perceptions of engineers, contractors, architects and overall

Figure 2 (Overall perception) presents the average scores across all respondents. The
questionnaire survey demonstrates that 14 from 21 indicators indicate that the principle of
sustainability was applied in the building project. Some factors have different influences on
each type of practitioner. The environmental aspects appear to attract less attention by the
practitioners when compared with social and economic aspects. Reliability analysis from 21
items indicators perform that reliable attributes for economy are IMPRO, PLANA, SKILL
and SBENEF* (Cronbach-α= 0.811), for social attributes: EMPLOY, COMPET and RESEN
(Cronbach-α= 0.803) then environmental attributes: INOVA, REDUCE*, REUSE*, RECYC,
NONRE, MINIM and CONSER (Cronbach-α= 0.816). However, the attributes, which are
marked with an asterix, identified from in-depth interview that social benefits, principles of
reduce and reused are not entail to the building project. It means the practitioners agree that
those sustainable parameters are important for the projects but in particular aspects at least be
admitted to implementation at the planning phase of the construction activities.

Conclusions
The study demonstrates a method to assess the perceptions of building practitioners regarding
sustainability practices in Indonesian local governments. The approach has employed a
questionnaire survey and explored by in-depth follow-up interviews. The study also
investigated emerging meanings and gaps in perception among practitioners in building
projects. The results showed various perceptions in sustainable practices regarding building
projects administered by local governments. Only 14 of 21 indicators indicated that the
principles of sustainability have been applied. Some factors have different influences on each
type of practitioner. The environmental aspects appear to attract less attention by the
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practitioners in comparrison with the social and economic aspects.
In accordance to strategic management, this study appears to raise consideration into
the organisational system in particular, building projects. Engaged with sustainability in
practice, people in the project as the agents of change should attract the sustainable practices
through practitioners regarding information and control system, regulatory, culture change
and political system overall aspects of building project life circle (Johnson and Schole 1989).
In addition, Johnson and Schole (2002) pointed out that the strategy in the context of public
sector notion that competition is usually concerned with resources that is typically
highlighted by political situations. This research outcome emphasises on the diversity of
practitioner‟s nature in term to accommodate sustainable practices in their job role for
gaining of successfully gaining the goals of the projects. Their perception depicts a shift of
emphasis to cooperation into strategic alliances. In facts, from the in-depth interview notes
that practitioners have a similar platform when it comes to dealing with sustainable practices
in local government projects. They though pre-requisite to achieve the sustainable planning
into actions by addressing consistency of the decision making conducted by local leaders.
Undoubtly, each member of practitioners (first and second group) have different
characteristics and powers to achieve sustainable practices. It means the building projects are
adjectively unique for each, then this situation becomes a basis to interplay strategic
framework throughout power control of stakeholders (local government, engineers,
contractors, property investor, project management and procurement specialist).
In summary, the local government would be able to interplay those strategic alliances
by encouraging improvement such as involvement of the private parties into the public sector
to stimulate competitiveness in the building construction industry. The approach has obvious
limitations. Since sustainability principles cover a wide range of indicators, it is difficult to
present them in a coherent fashion, which communicates overall perceptions clearly, and
concisely without compromising detail. The tendency towards generalisation renders
indicators of limited value in offering practical solutions. This project will continue with a
larger scale survey and analysis, with the aim of developing an initial framework for strategy
development for building projects in Indonesian local governments.
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Abstract
Potato (Solanum tuberosum L.) is the world’s fourth most important food crop and by far the most
important vegetable for billions of people across the world. The national potato yield in Indonesia in
2012 is 16.56 ton/ha (increase from 2010 and 2011, 15.94 ton/ha and 15.96 ton/ha, respectively).
Dieng plateau (Central Java), is the famous place for potato production in Indonesia. At this region,
the conventional yield decline over 10 years. The causes of the decline yield are the loss of top soil
fertility, the massive use of pesticides, and the difficulty to find good tubers for the seeds. Nowadays,
farmers try to find solution for their problem, and they find organic farming as one of the solution.
The objective of this research is conduct a study case to assess the sustainability of small organic
potato farmer in Dieng Plateau, and design the innovative approach to link sustainable crop
production practices with local markets. And at the same time, encourage the farmer to shifting to
organic due to land degradation. To assess the sustainability, we use the MESMIS Analysis and
SWOT Analysis. The MESMIS and SWOT Analysis are used to shows the possibility to conduct
sustainability organic potato in Dieng Plateau, through assessment on economic aspects (yield,
production costs, price), ecological aspect (biodiversity), and sociological aspects (participatory in
Farmer Field School, Gender). The result from MESMIS analysis will describe in AMOEBA diagram.
The diagram will allows stakeholders to readily see to what extent the systems are improving in each
selected indicators. From both analyses, we can construct the innovative design to support the
sustainability organic potato for small farmers in Dieng Plateau. This paper tries to give contribution
to potato production development at Dieng Plateau in particular, and at Indonesia at general, by
proposing organic potato as the solution for improving the yield and conserve the land. The
sustainable organic potato farming requires central and local government support, research
institution and donor institution by creating a grand design of management Dieng Plateau region.

Keywords: Potato, Dieng Plateau, Sustainability Assessment, MESMIS and SWOT Analysis, stakeholders
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Introduction
Potato (Solanum tuberosum L.) is the world‟s fourth most important food crop and by far the
most important vegetable for billions of people across the world. Although the potato is
grown by people throughout the world, its production in Asia and the Pacific region has
increased faster than in any other part of the world during the last 30 years. The national
potato yield in Indonesia in 2012 is 16.56 ton/ha, increase from 2010 and 2011, 15.94 ton/ha
and 15.96 ton/ha, respectively (Statistics Indonesia, 2013).
The economy of Indonesia is developing steadily. It induces a continuous change in
the quantity, quality, and type of products or commodities demanded. Potato is one of the
vegetable crops facing a situation in which consumption has been continuously increasing.
By increasing population and more abundant capital in the urban sector, the resulted demand
for potato appears to be strong, especially in the higher income urban classes. On the other
hand, consumption in the rural areas is growing less rapidly, but it shows a stable growth.
These trends are further promoted by the higher levels of education, nutritional awareness,
and per capita income; and the association of processed potato consumption with social
prestige and a higher quality of life. The most rapid growing sectors of demand are urban
consumption, processing industry, and export. Consequently, in the coming years, it may
assume a steady increase in demand. Therefore, the extent in which the supply side could
respond accordingly should be based on a better defined strategy and more structured
planning (Adiyoga et a., 1999).
Dieng Plateau is located in Banjarnegara district, Central Java. It has greater
agricultural potential, because of fertility of the soil and cold climate which is suitable for
vegetable to grow. The most famous vegetable in Dieng is potato. Vegetable farming has
attracted many farmers in different regions of Indonesia because of the increasing demand in
international and national markets. This situation provides a good opportunity for farmers to
develop and expand vegetable production, particularly in the upland regions. Potatoes and
cabbages can be cultivated in upland areas because of appropriate climatic conditions. There
are also other vegetables from temperate or subtropical areas with high potential, good
market acceptance and sustainability in such areas.
Dieng plateau is an upland region with a relatively high slope. The potential of
erosion is high, land eroded continuously and it will cause the loss of top layer of the soil.
That will decrease the rooting zone and the loss of nutrients and soil organic matter.
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Therefore, if the condition continues to be damaged, soil and land became critical, thus will
cause decreasing land productivity and lead to reduce farmer‟s income.

Figure 4. Dieng Plateau region (http://allindonesiatravel.com/dieng-plateau-central-java/)

There is one farmer‟s group, Perkasa, who realise that something is wrong with their
planting method this far, that cause yield decline and land degradation. They start to find new
innovation and solution to their problem. They start transition into organic, and they find out
that organic is the answer to increase their yield (their yield is twice than conventional one),
and at the same time, improving the soil fertility.
Further action need to be taken to support this transition. The sustainability
assessment using SWOT and MESMIS analysis will describe the sustainability in organic
potato in Dieng, in terms of production and marketing. The assessment will use to propose
support from government and the other stakeholders, to transition into organic.

Potato Production in Indonesia

The major potato centres in Indonesia are North Sumatera and West, Central and East Java.
In 2012, yield in North Sumatera, West and Central Java and East Java are 17.24 ton/ha,
19.22 ton/ha 15.69 ton/ha, and 15.59 ton/ha respectively (Statistics Indonesia, 2013). In
Indonesia, the yield is increase slowly from 2000-2012 (Figure 2).
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Figure 5. Potato Yield in Indonesia from 2000-2012 (Drawn from Agricultural Indonesian Statistic Database,
2013): http://aplikasi.deptan.go.id/bdsp/hasil_kom.asp

In Central Java, potato yield is decrease from 2008-2011 (Figure 3). The decrease of
the yield is caused by several factors. These factors are climate change, farmer‟s cultivation
technique, seed quality, soil fertility, disturb from pest and disease, land degradation, and
erosion.
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Figure 6. Potato Yield in Central Java from 2000-2011. Drawn from Central Java Agricultural Office, 2013
http://dinpertantph.jatengprov.go.id/datastatistik.htm

Basically, potatoes are grown without irrigation throughout the year. Farmers usually
classify two major growing seasons, as follows: (a) between September and April, and (b)
between June and August. Potatoes are mostly grown (peak growing season) during the
months with high rainfall (between December-March). Few farmers grow potatoes between
July and August due to low rainfall. Some cropping patterns commonly followed by farmers
are: (a) potatoes – fallow – potatoes, (b) potatoes – tomatoes – potatoes, (c) potatoes –
cabbage – potatoes, and (d) rice – potatoes – shallot or other leafy vegetables. These cropping
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sequences maintain full use of the land during the year. To obtain additional cash, some
farmers are also practicing intercropping systems (Adiyoga et al, 1999).
The predominant potato variety used by farmers is Granola. This variety is considered
superior because productivity can reach up to 25 tons per hectare. Also, it is more resistant to
pests and diseases and more demanded by consumers (Andarwati, 2011).

The constraints of potato production in Dieng Plateau

During last decade, there is decline in potato productivity in Dieng from year to year. The
cause of the yield decline in Dieng Plateau is the high input farming, where they use chemical
pesticide and chemical fertilizer excessively. These chemical compounds poisoned the land
and deplete the organic matter in the soil. Also, the vertical type of farming land (in line with
the hill) makes the land suffer from erosion. The farmers also use fresh farm yard manure
which is not composted yet. All those caused Dieng Plateau now suffer from land
degradation.
Kompas (2011) mentioned that nowadays, 7.758 hectare from 10.000 hectare in
Dieng is in critical condition. 4000 hectare critical land is at Wonosobo, and the rest in
Banjarnegara. Data from Wonosobo district office said that land erosion in Dieng is 4,5
million tonnes per year (Central Java Agricultural Office, 2013). As a result, when the
rainfall comes down, it sweeps away the hills.

Figure 7. Erosion in Dieng Plateau (Source: vhrmedia, 2012)

Seed is the most costly component of potato production, and potato profitability often
depends on access to quality seed. Seed accounts for 10-20% of the total costs of potato
production. High quality seed is often relatively expensive and cannot be afforded by
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farmers. Farmers also have difficulty to find organic seed potato at local seed grower.
Information about the quality of potato seed tubers used by most farmers in Indonesia is
limited (Gunadi et al., 2011).
Pest and disease are become major problems in potato farming land. Fusarium spp,
Helminthosporium, and Phytophtora infestans are the major diseases for potato plant. Myzus
persicae is also major pest problem in potato production, because it is also become vector for
Potato Leaf Roll Virus (PLRV) dan Potato Virus Y (PVY). To control pest and disease
problems, farmers usually use chemical pesticide frequently. Recently, golden potato cyst
nematode (Globodera rostochiensis) is become serious problem in potato farming in
Indonesia (Gunadi et al, 2011).
The availability of organic fertilizer also becomes a major constraint in Dieng region.
Not much Dieng farmers have dairy farm or cattle farm, so, they must buy it from another
region, such as Pengalengan, West Java, which is also famous as biggest potato growers in
Indonesia. Potato farmer in Pengalengan are much easy to transition into organic, because
they surrounded by dairy and cattle farm. Also near to Indonesian Vegetables Research
Institute (IVEGRI) at Lembang, that conducts a lot of study in potato production in
Indonesia.

Marketing and Processing

In Central Java and most other potato production region in Indonesia, the potato marketing
system is, by and large, oriented toward providing fresh potatoes to consumers. Farmers
consider potatoes as cash crop and sell the bulk of their harvest to the market. Potato
marketing is almost entirely in the hands of private traders. There is practically no restriction
to enter this line of commerce. Government intervention is very limited, which primary
related to the regulation of seed imports (Setiadi, 1995 in Adiyoga et al, 1999).
Basically, farmers sell all of their harvest (after saving some of the produce as seed
for the next planting season) to the market. Even for small farmers, most of potatoes
produced are sold since the farm household‟s own potato consumption is very minim. Based
on the volume potato produced, larger or medium producers are able to spread their risks by
selling potatoes over a period of time. This is possible because they usually own a warehouse
or have financial capability to rent one. By applying this marketing strategy, they reduce the
impact that momentarily unfavourable price movements may have on their entire harvest.
Participation in the potato market over a longer period of time also establishes the large
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commercial growers as steady and reliable potato suppliers. In contrast, because of the small
harvest that they have, small producers participate in the potato market during a shorter time
period. Consequently, the small growers are more vulnerable to short term, local potato price
movements (Adiyoga et al, 1999).

Figure 5. Potato chain production in Dieng Plateau

Potato chain production (Figure 5) above describes the general chain in potato
production system. Potato (fresh tuber) pick up from farmer‟s field when harvest time. From
farmer‟s field, they transport it their storage room, which are in their house or in the
cooperative. From the storage (or sometimes directly from harvesting place), farmers can sell
their potatoes to local market. They also sell it to contract traders (middlemen). These traders
buy potatoes from farmers on a contract basis that involves negotiations for sale even before
potatoes in the field reach their optimum age to be harvested. The contract traders estimate
the total value of potato by multiplying estimate quantity to be harvested by the expected
price at harvest time. Once the farmers have agreed on the price, the contract trader takes
over the care of potatoes in the field. In other words, all expenses in preparing the produce for
market are borne by the contract buyer. The buyer also assumes any pre-harvest and postharvest risks (Adiyoga et al, 1999). Retailers (supermarket) request fresh tuber and raw
materials for potato chip and frozen stick potato. There is rising number in potato
consumption recently, as the substitution food for rice (because potato has lower sugar than
rice), so the demand of potato also rises for retailers (Andriyanto et al, 2013).
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Transition into Organic

Because of the decline yield and land degradation, farmers start thinking to change their
cultivate behaviour into environmentally friendly. They reduce their chemical input and try to
use organic fertilizer for their land.
A potato farmer group in Dieng, Pertanian Kami Selaras Alam (Perkasa) (Our
Farming is in Harmony with Nature) establish since 2005, and they promoting the transition
into organic to other farmers. They use the intercropping (with carrot, cabbage, and other
arable crop), and use the composting animal manure to fertile the land. Nowadays, they can
gain the yield of 25-30 ton/ha. Today, around 157 farmers become the member of Perkasa.
Since 2010, 150 hectare already transition into organic, and by 2014, they estimate it will
reach 500 hectare of organic farming. Nevertheless, it is not easy to persuade conventional
potato farmers in Dieng to shifting into organic. They already convince their farming
practices from their ancient is a good practical farming, and difficult to change it.

Figure 6. Organic farmer in Dieng (Tempo,

2012)

Perkasa Farmer Group is a pioneer in organic potato in Dieng Plateau. They
encourage other farmers to transition into organic. Their successful in carry out organic
potato is because they use the composting animal manure, use intercropping, and use natural
enemy to control pest and disease, and the most important, reducing the use of chemical
pesticide and fertilizer. Their field become sample field for other potato farmers, and they
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have many visitors from several institutions, such as government institution, NGOs,
universities, and local and foreign researcher.
Perkasa Farmer Group makes their own organic fertilizer, by decomposing fresh
chicken manure become compost. Many farmers in Dieng plateau do not know that chicken
manure has to decompose before it can use as fertilizer. They just spread the fresh chicken
manure derived from broiler farmers – contains antibiotic which reduce good bacteria work
to decompose it - around Java Island. As the result, the lands more suffer because fresh
chicken manure brings pathogen that harmful for potato plant. Therefore, fresh chicken
manure is smell badly, and it disturbs the tourism come to Dieng.

(a)

(b)

Figure 7. Organic fertilizer made by Perkasa (a) liquid organic (b) solid organic (Perkasa blogspot, 2010)

Sugiarto et al. (2013) conduct Local Potential Intensification System (SIPLO) for
sustainable management on soil organic potatoes. Their research proposed strategies to
improve potato organic farming. The strategies are:
1. Availability and balance of nutrients in the soil can be improved by recycling
biomass. Application of fresh biomass into the soil speed up the decomposition
process and produces amount of available nitrogen to plants. It is respected to restore
soil health, thereby reducing the need of inorganic fertilizer.
2. Management of energy resources, water, air, and soil are based on the principles of
micro-environmental management. Land management can be done by improvement
on soil aeration, soil drainage, soil and water conservation (minimize surface runoff
and soil erosion by mulching).
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3. Minimization of crop losses due to pests and diseases through integrated pest
management principles.
4. Restoration of land functions through application of animal manure and green
manure, and also compost (contains a lot of micro and macro-nutrient and retains soil
moisture, store more amount of soil water, and reduce soil erosion).
5. Improvements soil biodiversity (minimize tillage, low input fertilizer and reduce
pesticide application). The existing of earthworm, rhizobium bacteria (in clover crop
or other leguminoceae) as nitrogen fixate, mychorrhiza fungi to improve phosphorous,
and antagonist bacteria and fungi and arthropoda as natural enemies are important in
“living soil”. The biological activities include biochemical, chemical, physical and
physiological process, contributes to soil fertility improvement.
6. Implementation of multiple cropping, intercropping of legumes and potatoes, crop
rotation and mixed-farming are expected to produce nitrogen-rich biomass.
It is obvious that organic agriculture is one of the alternatives for overcoming the
problem of pollution of soil, water and air, and also, to overcome the erosion problem in
Dieng Plateau. Organic agriculture supports the balance of agroecosystem. The balance of
agroecosystem can support higher land productivity, so that energy flows and nutrient cycles
are more establish in the strata of soil microorganisms. Application of organic fertilizer into
the soil can improve nutrients biological cycle, so it is beneficial to growth and yield of
potato tuber (Halloran et al, 1995 in Sugiarto et al., 2013).

SWOT and MESMIS Analysis

A. SWOT Analysis
To know how strong the organic potato in Dieng Plateau region is, we conduct the SWOT
analysis.

Table 1. SWOT Analysis
Strengths
-

Dieng Plateau is a famous potato-plantation area,

Weaknesses
-

so it is good to establish it into organic farming
-

Organic farming maintains the soil in good

not popular yet among small-scale farmers
-

condition
-

Support by government and other institutions

Organic sector is still developing in Indonesia, it is

Need more time and effort especially in the
transition from conventional into organic

-

Low yields
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-

Low cost inputs (no need for chemicals and
fertilizers which are more expensive)

-

Cheap labour cost
Opportunities

-

The trend of organic farming arose in recent years

-

The price of organic products is better than the

-

Threats
-

The price of conventional potatoes is lower than
the organic one

conventional one

-

The soil erosion in Dieng Plateau region

Export the organic potato to another country, due

-

Small organic market

to high demand

There are much more strengths and opportunities, rather than weaknesses and threats
for promoting the organic potato in Dieng Plateau. Dieng Plateau region is one of the better
places for the establishment of organic potato sector, but before, the soil degradation and
erosion has to be addressed. By integrating it with livestock farming (for getting the organic
manure) and a good marketing management, the organic potato production will develop well
in Dieng Plateau. Meeting the local demand, with the high prices for organic potato, could be
a good opportunity. The critical points are the problem with labor and the transition from
conventional into organic, are. However, during this period, the government can assist the
farmers through Farmer Field Schools and other policies strategies.

B. MESMIS Analysis
The MESMIS (Spanish acronym for Indicator based Sustainability Assessment Framework)
is a framework to evaluate the sustainability of natural resource management systems in
three dimensions: ecology-environmental (EE), sociocultural (SC), and economic productive
(PE) (Astier et al., 2012). The main attributes of sustainable management systems are:
productivity, stability, resilience, reliability, adaptability, equity and self-reliance.
The MESMIS program simultaneously considers five strategic and interrelated goals :
(1) to integrate the theory of complex systems into sustainability assessments; (2) to develop
and update a comprehensive and coherent sustainability assessment framework that can allow
stakeholders to make short and long term multicriteria comparisons of alternative NRM
strategies; (3) to facilitate the learning process by which stakeholders can understand, use,
and give feedback on the concepts, tools and outcomes of such assessment; (4) to validate the
framework by promoting a number of case studies; and (5) to promote and facilitate the
participation of all stakeholders in the assessment process (Astier et al, 2012).
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Tabel 3. Collected data for indicators to assess the sustainability of organic and conventional potato chains
Indicator

Organic chain

Conventional chain

30 t/ha [Perkasa, 2013]

16.5 t/ha [Statistics Indonesia, 2013]

181%

100%

Production costs

IDR 35.000.000/ha [Dimas, 2009]

IDR. 40.000.000/ha [Dimas, 2009]

(PE)

87,5%

100%

Potato yield (PE)

IDR 8.000/kg

IDR 24.000/kg [Anne, 2013]

[West Java Agricultural Office, 2013]

Price (PE)
300%

100%

Species diversity

16/ha [Seaman, 2013]

5/ha [Seaman,2013]

(EE)

320%

100%

Farmer

25 [Kompas,2013]

250 [Central Java Agricultural Office, 2013]

10%

100%

8 [Kompas, 2013]

75 [Central Java Agricultural Office, 2013]

10%

100%

participation in FFS
(SC)
Female farmer
participation in FFS
(SC)

According to the AMOEBA-type diagram (Figure 8), which obtained with different
indicators‟ values, the two systems have both advantages and limitations. Concerning the
productivity attributes, the conventional potato chain has higher production costs than
organic. It is due the use of artificial fertilizer and pesticide in conventional chain.
Nevertheless, the price of conventional potato is lower than organic. Conventional potato
yield also lower, due to soil depletion over time. Species diversity also lower, because of
unbalance ecosystem belowground in conventional chain. Today, government still focuses in
conventional Farmer Field School (FFS) for potato farmers. But maybe, in the future,
government will develop FFS for organic potato farmer.

Figure 8. AMOEBA-type diagram for MESMIS sustainability analysis
58

The organic chain obtains a higher yield and higher price, and the production costs are
lower. Concerning the stability attribute, the organic chain is more sustainable since the
diversity of species is essential on the fields for crop rotations and intercropping techniques.
The self-reliance attribute is characterized by the participation of farmers in Farmer Field
Schools. Moreover, in general, female participants in FFS in Indonesia are 30% (Figure 9).

KOMPOSISI PESERTA SLPHT BERDASARKAN GENDER TH 2012
DAN TH 2013
JAWA TENGAH (%)
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Figure 9. Percentage of Female and Male Participants in FFS at Central Java.
Source: Central Java Agricultural Office, 2013

Figure 10. Farmer Field School at Central Java (30% female participants).
Source: Central Java Agricultural Office, 2013.
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It is clearly seen that organic more sustainable in term of yield, production cost and
species diversity. From economic and ecological aspects, organic potato offers more benefit
than conventional potato. If the government support organic potato Farmer Field School, it
will strength organic potato production in Dieng Plateau in particular, and in Indonesia at
general.

Policy Recommendation

A national action platform is needed to facing the land degradation problem at Dieng region.
Originally, Dieng Plateau is a national forestry conservation in Indonesia. The wide of
national forestry conservation area in Dieng Plateau is 7000 hectares, but now, more than
90%of the forestry area is damage and suffer from land conversion to crop fields. The
farmers‟ behaviour which is damage the forest and turning into crop field, particularly potato
field, has damaged the function of conservation forestry at Dieng Plateau region (Kompas 18
March 2006 in Andriana, 2007).
Action plan should take by all of the stakeholders involve in potato production in
Dieng Plateau region (Figure 11). All of the stakeholder should build the synergy and
cooperative each other to work on land conservation as well as help the potato farmers to
increase their yield.
Ministry of Agriculture of Republic Indonesia arranges an action plan to develop
organic fertilizer in order to support agricultural development in Indonesia. Since 2003,
Directorate of Pesticide and Fertilizer and Indonesian Agency for Agricultural Research and
Development Ministry of Agriculture of Republic of Indonesia, Research Universities, State
Minister for the Environment, Ministry of Trade, Ministry of Industry, and Indonesian
Association of Fertilizer Entrepreneur, were started to make the regulation about organic
fertilizer in Indonesia. Ministry of Agriculture of Republic Indonesia also gives the subsidy
for organic fertilizer. Rusastra et al., (2005) mentioned that the scenario in giving organic
fertilizer subsidy are 1) Free green manure seed (clover or other leguminoceae plant), 2)
transport subsidy for picking and distributing organic fertilizer, 3) set up the lower retail
price, or 4) coupon for farmer to get organic fertilizer directly.
Provincial and local (district) government also set up the planning to facing land
degradation problem in their region. Grand design is needed to achieve this goal on land
conservation. Grand design in management Dieng Plateau region is arranged by the result
from “holding zone” inventory and identification. “Holding zone” is a zone or region which
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is need particular handling because of digression on land use. According to Andriana (2007),
to define the best handling method, several approach strategies are needed : 1) Ecological
approach (inventory on plant which is have economic value and conservation function), 2)
socio-cultural approach (revitalize local wisdom to conserve the land), 3) economical
approach (provide budget for land conservation), 4) participatory approach (involve the
society since planning, implementation and monitoring on land conservation).
Research institution and other institution (NGOs and donor institution) also involved
in land conservation by conduct research to improve soil quality, organic potato tuber yield
and marketing strategy for sustainable potato production at Dieng Plateau region.
Those entire national frameworks brought into local framework, and synergized the
work of cooperative, Farmer Field School, local market and Participatory Guarantee System
as an alternative for certification for organic potato. Based on definition by International
Federation on Organic Agriculture Movements (IFOAM), Participatory Guarantee Systems
(PGS) conduct to encourage small-scale farmers and enable organic agriculture to grow are
locally focused quality assurance systems. They certify producers based on active
participation of stakeholders and are built on a foundation of trust, social networks and
knowledge exchange. Participatory Guarantee Systems have a much more intensive
interaction between the farmer and the guarantee organization and uses different tools to
maintain integrity. PGS integrate capacity building and allow farmers and reviewers to help
solve practical problems which will enable producers to follow the standards. The direct
relationship to the process, and the fact that it is owned by the farmers and related
stakeholders, encourages more responsibility and active involvement in the design of
production and certification processes (IFOAM, 2013).
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Figure 11. National Action Framework to encourage the transition to organic potato

Finally, all the action plan and grand design on management on Dieng Plateau region
are aimed to encourage potato farmer to transition into organic. All the stakeholders should
assist the farmers during this period, to avoid of the drop-out farmer. Extension agent has
vital role in this transition period, by his assistance in the field and at Farmer Field School.
All the knowledge in organic potato production is needed during this transition period, and
extension agent is one of the intermediaries who bridge government program and other
institutional programs with the farmers‟ need.
At Farmer Field School, farmers learn how to choose good seed or high quality tuber,
managing pest, disease and weed based on agro-ecology concept; use the proper
mechanization and how to manage the soil fertility. If all the components conduct in proper
way, high yield of organic potato will achieve, and at the same time, conserve the land.
To achieve the sustainability, farmers need to have good access in local market too.
Cooperative help the farmer sell their potato and expand their production. The famous potato
cooperative in Dieng Plateau region is called “Society Care” (KOPMAS-Koperasi Peduli
Masyarakat). It was established since 19 September 2003 in Kejajar, Dieng at Wonosobo
district. The cooperative carry out education for the farmers, provide capital, and market
guarantee for the farmers. They also build network with national bank “Bukopin” to help the
farmers to expand the market share. Nowadays this cooperative has 4.000 farmers as the
member and has turnover around 3 billion rupiah in a year (Suara Merdeka, 2012).
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Conclusion
New breakthrough in farming practices is needed to address the decline of potato yield and
land degradation. Organic potato is one of the solutions to solve this problem (Perkasa farmer
group prove that their organic potato yield is twice than conventional farming). Also, from
SWOT and MESMIS analysis, it is clearly seen that organic farming has better ecological
and economic aspects.
During the transition period, all the support from all stakeholders is needed. Central
and local government, research universities, and donor institution need to focus on improving
high yield and at the same time, improving soil quality. Central and local government has
vital role in giving this support, by providing extension agent, organic fertilizer subsidy,
organic seed subsidy, and increase the number of organic potato Farmer Field School.
To achieve the sustainability, marketing of organic potato also need concern from all
of the stakeholders. Farmers have to get rid of middleman (contract traders) and try to sell
their organic potato through cooperative. Organic potato cooperative also needed in Dieng
Plateau area, and help the farmers to sell to retailer in big cities, due to higher demand of
organic potato in recent years. Government also can support the development of cooperative
as the central activities places of organic potato farmers in Dieng Plateau.
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Abstract
Aluminum is a lightweight non-ferrous metal. Beside very light aluminum also easy to be
forming into sophisticated form. The alumunium application products is very extensive
ranging from household appliances to aircraft body parts. Aluminum resources is very
abundant in the world also the demand for aluminum grows rapidly because of its unique
combination of properties which makes it becomes one of the most versatile of engineering and
construction material. ECAC (Equal Channel Angular Consolidation) is part of the SPD
(Severe Plastic Deformation). ECAC with nano-sized particles powder, can produce metals
with high strength and low porosity and this can be achieved at a relatively low temperature.
ECAC applied on aluminum metal is expected to produce a material which has a high
strength with low density. In this study, aluminum series 7075 , 6061 , Al-Mg5 are used for
consolidation process and it was compared with the 99.7 % pure aluminum. The results
showed that Al-Mg5 series has the highest strength which is 398 MPa, with elongation of
1.5%. Compared with 99.7 % pure aluminum, Al-Mg5 showing twice greater strength value
than 99.7 % pure alumunium, but the increase strength value will be reduces its elongation
significanly.
Keywords:

Nano Powder Aluminum, Equal Channel Angular Consolidation, Severe Plastic Deformation
and Ultra-fine Grained
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Introduction
Aluminum for over 70 years, it ranks next to iron and steel in the metal market. The demand for
aluminum grows rapidly because of its unique combination of properties which makes it
becomes one of the most versatile of engineering and construction material (Isadarel A.D.,
2012). Synthesis of bulk materials from particles has been practiced in the powder metallurgy
and ceramic manufacturing for a long time. This avoids large-scale processing of solidification
segregation that often occur in the composition and casting defects, consolidation of particles
into the bulk material to be necessary, especially for structural applications (K.Kia.,X Wu,
2005), studies of rapidly solidified alloy powders have suggested the possibility of producing
new alloys having metastable microstructures (Yong., et al 2006), in conventional powder
metallurgy, particles of alloys are sintered at high temperatures to cause bonding between them
through diffusion. Fully dense materials are often not obtained even with the help of an applied
pressure or the presence of a liquid phase. The sintering temperature needed is usually too high
to achieve materials with ultrafine to nanometer scaled microstructures.

Severe plastic

deformation (SPD) has been successfully used to produce ultrafine grained crystalline materials
from initially coarse grained-materials, it is also used to produce ultrafine-structured materials
from particles. Powders of Aluminum, Equal channel angular (ECA) deformation has been
used to consolidate Aluminum and other particles, thanks to intense shear strain involved,
consolidation can be carried out at much lower temperatures and the fine structures in the
particles may be preserved, although ECA deformation is capable of producing material of
large volume with more uniform strain distribution and controlled defect levels, the powders
often need to be cold compacted and have to be canned and degassed before ECA processing.
Full density is typically not achieved after one or even multiple passes (X Wu., K Kia., 2006).
The main objective of a SPD process is to produce high strength and lightweight parts with
environmental harmony (Azushima et al, 2008). Principles of using severe plastic deformation
(SPD) to fabricate bulk nanostructured metals with advanced properties. Special emphasis is
laid on the relationship between microstructural features and properties, as well as the first
applications of SPD-produced nano-materials. These areas include the development of many
different nano-scale metals and alloys and the commercial production of semi-finished products
within ultra-fine grained structures using a wide range of metals and alloys (Valiev & Langdon,
2006). Equal Channel Angular Consolidation (ECAC) is one of very interesting metal
manufacture process. It has ability to introducing significant grain refinement into large bulk
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samples. Typically, it reduces the grain size into the sub-micrometer level, and thereby produces
materials which capable to exhibits unusual physical and mechanical properties. ECAC is a
combined compressive and tensile stress in the mold to generate products with severe
deformation. The processing scheme ECAC is shown in figure 1. ECAC technology provides
an opportunity to examine the significance of grain refinement process for metals and alloys.
That is, the ultra-fine grained materials produced by ECAC can be used in the manufacturing of
semi-finished products used in the power, aerospace, medical and automotive industries
(Pramono A et al, 2013).
Markets for bulk nanostructured materials exist in virtually every product sector
where superior mechanical properties (in particular, strength, strength-to-weight ratio and
fatigue life) are critical. Formal market analyses, conducted by companies such as
Metallicum that specialize in nanostructured metals, have identified over 100 specific
markets for nanometals in aerospace, transportation, medical devices, sports products, food
and chemical processing, electronics and conventional defence, for applications in Figure 2
and 3. The applications of nanostructured materials in engineering of new-generation
aviation engines or in high-strain-rate superplastic forming of complex-shaped parts for new
automobiles and planes are worth a special mention. Out of the broad range of possible
applications of advanced nanostructured metals, we focus here on one that is representative
of the high-tech market: biomedical implants and devices. High mechanical and fatigue
properties are the essential requirements for metallic biomedical materials, in particular
titanium and its alloys, which have excellent biological compatibility and high
biomechanical properties (Valiev R, 2004). High- strength semi-finished products produced
from aluminum that has undergone ECAC can be used in the aerospace, power and
automotive industries. In addition, ECAC reduces material waste; the material utilization
rate is very high in the ECAC process – typically exceeding 90%. From a practical point of
view, it is important to mention that recent studies have shown great potential for the use of
severe plastic deformation processing, especially ECAC, in industrial applications. The
ECAC technique is being used in the manufacture of many materials within the medical
equipment, automotive, micro electromechanical and shape memory alloy industries
(Kazeem S, 2012).
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Figure 1. The ECAP principle used for the consolidation of aluminum alloy powder (ECAC) : the powder is
inserted into a tight-fitting outer jacket labeled abcd.

Figure 2. Pistons produced by superplastic forming and high-strength thread articles manufactured from severe
plastic deformation by Equal Channel Angular Pressing (Kazeem S, 2012)

Figure 3. Another Application for plat joint for bone and set screw high strength nanostructured (Valiev R,
2004)

The purpose of this study was to explore the ability of the mechanical properties of
some aluminum alloys such as strength and hardness so that from the known value can be
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investigated for implementation of applications in industry, so that the results of this study
are expected to provide information about the development of severe plastic deformation
technology.

Materials and Methods
Aluminum powder series used in this experimental are Al 99,7%; Al-Mg5;Al 6061 and Al
7075 series with average grain size of 70µm was received from Aluminum Powder Company
Ltd. Aluminum powder samples are weighed 35,7 grams each. After that alumunium powder
is carried out at milling process a with speed of 60 rpm for 24 hours. The process of milling
the powder into the ball mill using liquid ethanol to avoid contamination of oxide. All of the
preparation equipment of these process can be seen in Figure 4.
The aluminum powder which undergo milling process than wrapped with copper
capsule with 170 x 210 mm in dimension. In a powder capsule weight ±63 grams, the loose
powders of alumunium were loaded into a copper capsule and heated in a resistance furnace
at 400°C for one hour in air atmosphere. The samples were transported to the non-heated
ECAC die during 3 – 4 seconds and pressed at the rate of 5 mm/s through the angle bend of
90°. For all of samples front stopper as back-pressure was used. The pressure for compacting
16 mm × 16 mm square specimens was in the range of 300 – 400 MPa.

(a)

(b)

Figure 4. Preparation Equipment Of ECA Consolidation Process a) Ball mill and the copper capsule
alumunium wrapped b) ECA Consolidation equipment.
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The Equal Channel Angular Consolidation (ECAC) process form in this experiment is
a long bars. The sample ware prepared for Tensile and Hardness test and testing resultas
shown in Figure 5. Beside tensile and hardness, the size of the particle also observed by
Scanning Electron Microscope (SEM).

The size of the particle will be revealed the

relationship between the yield strength of the aluminum with size of the particle, which
shown in Hall – Patch Equations.
Although the mechanical and physical properties of all crystalline materials are determined by several factors, the average grain size of the material generally plays a very significant, and often a dominant, role. Thus, the strength of all polycrystalline materials is
related to the grain size, d, through the Hall–Petch equation which states that the yield stress,
σy, is given by :
σy = σo + kyd–1/2

(1)

where σo is termed the friction stress and ky is a constant of yielding. It follows from Eq. (1)
that the strength increases with a reduction in the grain size and this has led to an everincreasing interest in fabricating materials with extremely small grain sizes (Valiev., 2006).

Results and Discussion
Porosity and density ware measures using Archimides method. All the product result from the
ECAC proses having low density and porosity. This result similiar with K. Matsuki reseach
in 2000. This is explained that aluminum powder produced by Equal Chanel Angular produce
homogeneous results after compaction it is indicated also by compaction almost without
pores and with a very high hardness even after one passed, Equal Chanel Angular process is
suitable to reduce the pores and increase the surface density and bond strength of materials
(Dvorak et al., 2010).
Hardness test using vickers method with Hv10, obtained that hardness value of the
alumunium ECAC sample is vary. The lowest hardness is obtained by pure alumunium
99.7% which is 52 HV10. This is caused by no the absence of the alloying precipitates in the
alumunium matrix, while in the Al-Mg5 showing the most highest hardness value which is
reached 148 HV10. It can be understood because magnesium is well known can hinder the
dislocation mobility and introduces solid- solution strengthening, and this increase in strength
is ac- companied by little or no change in the overall ductility of the material (Y Iwahashi.,
1998).
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Table 1.

Result of the ECAC consolidation of aluminum powders and obtained response values of compacts.

Specimen
Al 99.7
Al Mg5
Al 6061
Al 7075

Density
(gr/cm3)

Porosity
(%)

Hardness
(Hv10)

2,5
2,5
2,6
2,5

0.08
0.02
0.01
0.001

52
148
88
120

Yield
Strength
(MPa)
149
398
225
395

Elongation
(%)

Grain Size
(µm)

16
1.5
3.0
2.5

2.3
2.0
2.5
1.8

Hardness test performed on five points of the sample, while grain sized measures from the SEM image
and than analized with Image J Software

Yield Strength
The yield strength and the elongation value of the various alumunium sample can be seen on
the table 1 and the figure 5. Yield strength of pure alumunium 99.7% is reaching 149 Mpa with
elongation 16 %, this is the most highest elongation compared to the other sample. While AlMg5 and Al 7075 obtain yield value 398 and 395 Mpa, this yield strength is twice higher than
pure alumunium yield strenth, but the consequences of the yield strength increasing is the
decresing elongation value significanly. The elongation of the Al-Mg5 and the Al 7071 is 1.5
and 2.0 % by the order. The 0.2% proof stress and elongation of failure are plotted in Figure
5 as a function of the equivalent strain imposed by the ECAC. Increased stress is evidenced
by an increase in tension set but the highest increase in yield stress in the Al-Mg5 and Al
7075 is due to particles grains size smallest, while Al 99.7% and Al 6061 has a low yield
stress that this is due to large grain size of the particles.
= Al99.7%
= Al 6061
= Al 7071

Figure 5. Al 99,7%, Al 6061, Al7075 and Al-Mg5 Tensile Strength
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Microstructure and grain size measurements of particles
Results of electron microscope scanning with 1000 X magnification shows the distribution
of the powder results ECAC, seen from Al 7075 has a more uniform grain distribution even
though the Al-Mg5 highest yield stress but smaller particles Al 7075 uniformity of grain size
which makes the particles more smooth, Al 99.7% and Al 6061 has low yield stress is due to
large grain size of the particles seen in Figure 6.

Figure 6. SEM examination of samples Equal Channel Angular Consolidation

Particle grain size measurement results using software programs that have been
loaded onto the computer calculations using a micrometer scale in units SEM image pixel
size calibration with 1000 X magnification, After adjustment Threshold then measuring
large / wide particle is meant to do particle analysis feature in Image. Furthermore, the
results of SEM images are arranged so that the segmentation using a Threshold more clearly
defining the object and background. Using particle analysis tools in Image J software, the
grain size diameter can be obtain, assumptions the grain area (A) is in the spherical form as
shown in equation 2 the particle diameter (d) can be obtain.
………………….. 2

Based on the image processing area calculated average particle using the Analyze
Particles on image feature, so can the average diameter calculated using equation 2 and the
results are shown in Table 2. In the table shown that particles with image analysis, yielding
an average particle diameter to 1000x magnification.
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Table 2. The results of the analysis of the average particle size of the aluminum samples with 1000x
magnification SEM image J software
Al Series

99,7%

Al-Mg5

Al 6061

Al 7075

broad of particle
(μm2)

Particle Diameter
(μm)

4.349
4.070
4.850
3.332
3.496
3.188
4.636
4.650
4.582
2.435
2.150
2.659

2.354
2.287
2.485
2.060
2.110
2.015
2.430
2.433
2.416
1.761
1.655
1.840

Wide average
particle (μm2)

The average
particle
diameter (μm)

4.423

2.372

3.339

2.062

4.623

2.427

2.415

1.752

Yield strength is directly proportional to the hardness as shown in figure 7, but
inversely proportional to the engineering strain, Al 99.7% biggest engineering strain but low
mechanical properties, particle grain size affects the strength, Al 7075 and Al-Mg5 look
smooth have high strength, but the distribution that more uniform Al 7075 so fine grain
particles produce high strength.

Figure 7. The relationship of the grain size particles tensile strength and hardness

Conclusions
Equal Chanel Angular Consolidation (ECAC) is a combined compressive and tensile stress in
the mold to generate products with severe deformation so that this procedure will result in the
efficient, ECAC reduces material waste; the material utilization rate is very high in the
ECAC process – typically exceeding 90%, the process can be produce high strength and
lightweight parts with environmental harmony. This is evidenced by the alloy powders
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produced by ECA produce homogeneous results after compaction it is indicated also by
compaction almost without pores and with a very high hardness. Fine grain size particles that
provide high strength material, is evident from the Al 7075 and Al-Mg5, but a more uniform
grain distribution will result in fine particles which improves its yield strength.
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THE ANALYSIS OF CERTIFICATION ISO AT ENERGY
MANAGEMENT SYSTEM IN INDONESIA
Dyah Okty Moerpratiwi
Université de Technologie de Compiègne

Abstract
In general, a certification of ISO is made to make an improvement for a system. In fact, there
are certain things that do not give any impact to the system. For energy management case,
ISO help the organization or industry to improve their energy performance. The
implementation of ISO should reduce the energy cost, Greenhouse Gas emission (GHG), and
environmental impact in a project. For a company itself, a good organization should
demonstrate their commitment to improving its energy efficiency. This paper is not intended
to be a full explanation of the certification standards and related requirements or of its
implementation. It is only is made to demonstrate the impact of ISO implementation in energy
management case as well as the level of energy efficiency in a project in Indonesia. At the
end, this paper is expected to give the company that works in Indonesia especially in energy
sector to analyse the utilization of ISO in energy or oil and gas project.
Keywords: energy, ISO, certification, implementation
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Introduction
Basically, energy has become a key metric for companies because saving energy means
saving operational costs. Energy consumption also implies reducing greenhouse gas
emissions and demonstrating greater care for natural resources. These are tangible actions for
companies looking to enforce and contribute to sustainable development. With the
implementation of ISO 50001 management system, energy intense industries and other
sectors can achieve significant improvement in their energy use, optimizing their
consumption and using more renewable energy.
In general, ISO 50001 is the new global standard for Energy Management with
requirements for establishing an energy policy with concrete objectives to improve energy
efficiency, setting a baseline of energy uses, identifying critical areas and understanding
influential elements on energy use, maintaining a periodic forecast of energy use, allowing
visibility to plan investments and improvements, considering energy consumption in the
decision process for design and procurement of all equipment, raw materials or services. ISO
50001 can be easily integrated into existing quality, safety and/or environment management
systems for all types of organizations aiming to monitor and improve their energy efficiency.
Several management systems can be audited during the same audit, optimizing costs.
The problem is whether Indonesia has implemented the ISO in a good way to use its
energy efficiency. Based on Energy Efficiency and Conservation Clearing House Indonesia
(EECCHI), with vast economic growth and population growth, Indonesia has the interest to
manage and use energy as effectively and as efficiently as possible. According to the World
Bank, Indonesia's economic growth increased from 5.7% in 2005 to 5.9% in 2010, and is
projected to reach 6.2% in 2011. While the population of Indonesia, which now reaches up to
229 million people are expected to increase to more than 230 million in 2011.
All of this growth is surely accompanied by the increase in energy demand due to the
increasing number of homes, factories, and commercial and industrial buildings. If we
assume that demand for electricity will grow in average 7% per year for the next 30 years,
then electricity consumption will significantly increase, for example in the household sector,
consumption will increase from 21.52 GWh in 2000 to around 444.53 GWh in 2030.
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Figure 1. Development of Primary Energy Demand and Supply in Indonesia year 1990 – 2010

Materials and Methods
Material that used in this paper is ISO 50001. ISO 50001 (full name: ISO 50001: 2011.
Energy management systems – Requirements with guidance for use) is a specification created
by the International Organization for Standardization (ISO) for an energy management
system. The standard specifies the requirements for establishing, implementing, maintaining
and improving an energy management system, whose purpose is to enable an organization to
follow a systematic approach in achieving continual improvement of energy performance,
including energy efficiency, energy security, energy use and consumption. The standard aims
to help organizations continually reduce their energy use, and therefore their energy costs and
their greenhouse gas emissions. ISO 50001 was released by ISO in June 2011 and is suitable
for any organization – whatever its size, sector or geographical location.
The system is modeled after the ISO 9001 Quality Management System and the ISO
14001 Environmental Management System (EMS). It is described the procedural details of
the ISO Energy Management System (EnMS) and compares its procedures with those of the
ISO 14001 EMS. A significant feature in ISO 50001 is one of the requirements to improve
the EnMS and the resulting energy performance. The other Standards mentioned here (ISO
9001
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and ISO 14001) both require improvement to the effectiveness of the Management System
but not to quality of the product/service (ISO 9001) or Environmental performance (ISO
14001). It is anticipated that by implementing ISO 9001 and 14001 that an organization
would, in fact, improve quality and environmental performance, but the Standards do not
specify it as a requirement.
Therefore, ISO 50001 has made a major leap forward in 'raising the bar' by requiring
an organization to demonstrate that they have improved their energy performance. There are
no quantitative targets specific for an organization chooses its own then creates an action plan
to reach the targets. With this structured approach, an organization is more likely to see some
tangible financial benefits.
Method that used to analyze this problem is Plan-Do-Check-Act, PDCA.

1. Plan
The overall responsibility for the installed energy management system must be
located with the top management.
2. Do
The stated objectives and processes are now introduced and implemented. Resources
are made available and responsibilities determined.
3. Check
An energy management system requires a process for compliance and valuation of
energy-related regulations. Internal audit can help to verify that the energy
management system is functioning properly and generating the planned results.
4. Act:
The top management prepares a written valuation based on the internal audit. Energy
relevant processes are optimized and new strategic goals are derived.

Results and Discussion
Based on an analysis of PDCA, we can make a diagram about the system management ideal
of energy in Indonesia.
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Figure 2. Plan Do Check Action of Management System based on ISO 50001

Based on that plan, we could make an initiative to management the energy system in
Indonesia.

Figure 3. Management of Energy System Ideal

To be more effective and efficient in the management of energy resources, the commitment
of Indonesia government should be realized. Increasing utilization of renewable energy to
25% by 2025. This vision is pushing because currently renewable energy only makes up 4%
of the total energy resources being utilized.

Conclusion
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Basically, Indonesia hasn‟t implemented the ISO 50001 today. There is not yet a system to
improve the efficiency of the use and utilization of energy for a demand side, and a system of
diversification of energy to increase the share of renewable energy in national energy mix.
The utilization of energy is only by the exploitation and dredging of unrenewable resource.
But based on the Energy Efficiency and Conservation Clearing House Indonesia
(EECCHI), currently the government is trying to change the paradigm of national energy
management which was previously focused on the supply side to demand side. Previously,
energy management was based on the supply side where the government tried to meet energy
needs, regardless of the amount or costs, through management of fossil energy sources. Fossil
energy continued to be subsidized in order to meet energy needs. Alternative and renewable
energy were not prioritized in their exploration and utilization. The use of energy by the
household, industrial, commercial and transportation sector were very wasteful due to the
lack of emphasis on energy efficiency.

Now, the government has begun to change the paradigm of energy management with
emphasis on the demand side. The government now manages energy demand by ensuring that
the needs and use of energy in the household, industrial, commercial and transportation sector
are really efficient. This can take place when energy users adopt more energy efficient
behaviors and start using more efficient technologies. In addition, the supply and use of
renewable energy is maximized and if necessary, subsidized. Fossil energy is only used as a
counterweight and sources of untapped fossil energy can be used as a reserve for future
generations.
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Abstract
Oil palm is main agricultural commodity export in Indonesia. The objective of this paper is to
assess smallholders farmers’ perceptions of the environmental conditions in oil palm
plantations. The data was collected in 2010 and 2012. Households were randomly selected
from the list of oil palm smallholders provided by the respective village heads. This paper
illustrates descriptive environmental conditions of oil palm farming in Jambi, Indonesia by
perception of respondents. The result reveals that smallholders oil palm farmers perceived
that environmental conditions oil palm plantation has been changing which the most
significant changes in the four villages is weather. Base on the preliminary results, this
paper suggests to using the knowledge of respondents to manage the impact of changed of
environmental conditions. Therefore, government and company support and environmental
awareness from smallholders oil palm farmers are expected to toward sustainability oil palm
production.

Keywords : oil palm, smallholders, environmental, Jambi, Indonesia
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Introduction

Oil palm is main agricultural commodity export in Indonesia. The quantity of production of
oil palm in Indonesia is 2.1 million tons (Faostat, 2013). Rifin (2010) showed that export
performance plays an important role in determining the profitability of the Indonesian palm
oil industry. It is contributing to economic development in Indonesia such as increasing the
income of oil palm farmers some may of whom are smallholders.
Since the late eighties the conversion of forest land to oil palm plantations has become
an explicit policy of the Government of Indonesia (GoI). While this development showed
positive effects for economic growth, there are potentially negative externalities for the
environment and natural resources. Thus it is expected that the expansion of oil palm
production has positive effects for rural poverty reduction.
Some of environmental issues in the oil palm plantation are deforestation, biodiversity
and carbon emission. Recently, the conversation of natural forests and peat lands contribute
to the negative form of deforestation, land degradation peat, water resource degradation, and
loss of biodiversity. Obidzinski et al., (2012) found that the expansion of oil palm has been a
major cause of deforestation, loss of environmental services from natural forests, water
pollution, soil erosion, and air pollution and has reduced the opportunities of diversified
livelihood strategies. According to World Bank study in 2010, in order to minimize the
negative environmental impact of oil palm expansion the identification of lands suitable for
oil palm expansion is crucial. The net benefits from oil palm are highest if planted in areas
with the right attributes, i.e. degraded lands, land with no claims by local communities or
where local people have an interest to develop oil palm plantations. The comprehensive
review by Sheil et al., (2009) submitted a list of challenges for future research. These include
the need for the assessment of environmental impacts of oil palm plantations such as loss of
natural resources from clearing forests, pollution of river ecosystems with loss of fish and
other aquatic organisms. Hence there is a need for more independent, quantitative research to
establish scientific evidence of these changes observed so far. .
On the other hand, some of the social issues such as ownership, land use and transfer
of land use rights are related to oil palm development. Accessing to capital, a lack of
technical knowledge and lack of transparent market information are main constraints to oil
palm farmers (Vermoulen and Goad 2006; Marti, 2008).
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In Indonesia the area devoted to oil palm has been growing considerably during the
past decades mostly driven by private sector investments of large agro industry companies.
Nowadays, Indonesia is the world's biggest producer of palm oil (Faostat, 2013). Almost 50
% of the oil palm plantations areas are owned by private corporation, almost 40 % by
smallholders and the remainder is under government control. The oil palm industry has
become an important component of the Government‟s efforts to generate export earnings, to
foster rural development and to achieve poverty reduction, particularly by increasing income
of smallholders and generating rural employment. In 2010, oil palm plantations provide
employment to over 3 million workers or 16 % of the total employment in Indonesia
(Directorate General Estates, 2012). Two thirds of Indonesia‟s oil palm plantation area is
located in Sumatra. The province of Jambi is among the province which produces not only of
oil palm but also of rubber, coconut and cacao. The development of area of oil palm in the
region of Jambi, Indonesia increased from 2004 to 2011 (Figure 1).
Figure 1. Area of Oil Palm in Province of Jambi, Indonesia
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Source : Dinas Perkebunan Jambi, 2009

The objective of this paper is to analyze oil palm farmers‟ perceptions about
environmental conditions of oil palm plantation in Jambi, Indonesia in order to obtain a more
complete picture of oil palm development in Indonesia. The analysis at this stage is purely
descriptive with a comparison of the percentage of selected parameters by location (village).
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Methodology
Data collection

This study was carried out in province of Jambi, Sumatra. One of the province in Sumatra
Indonesia which produce not only of oil plan but also other crops such as rubber, coconut,
coffee, tea, and cinnamon. The province of Jambi was selected for this research based on
four criteria, namely (1) the relative importance of the province in the national oil palm
production, (2) the relative importance of oil palm in the regional economic development, (3)
the relative importance of smallholding in the regional oil palm production, and (4) the
widespread of oil palm contract farming (Cahyadi, 2013). In this province, this study was
conducted in the four villages, namely Mentawak Baru, Rawa Jaya, Dusun Baru and Arangarang.

Sampling and Analysis

A total of 285 smallholder farmers were targeted to interview using a structured questionnaire
as survey instrument in four villages in province of Jambi.

For selecting the sample

household and villages were used a multi-stage sampling procedure. The survey instrument
includes module that allows calculating household income, the educational, age, and assets,
experience of past shocks and the respondent‟s expectation of future risks. To establish
perceived changes in oil palm plantation, household were asked to indicate whether they
observed any changes in the environment. Respondents were asked to indicate the aspects
had been changing since they lived in their places includes weather, fish population, water
quality and quantity, wild plants, wild animal and pollution air. This survey was conducted
in 2010 and 2012. The data collected were analyzed using Stata12 and Excel. The results are
presented as descriptive statistics as percentage, means and standard deviation.

Preliminary Results
Characteristics of smallholder farmers oil palm farming
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Table 1 describes household characteristics of smallholders‟ oil palm farming per village
condition. On average age of households head are about 49 years old and education around
seven years in all villages. The household size consists of four members of whom on average
three members per household were working and economically active. The result describes
assets and income of respondents

as

diverse within and across the four villages. In Arang-

arang village, the gross income and assets are lower than other villages. Because most of the
lands in that village is peat lands which were planted of oil palm and are still in their young
mature period. However, for other crops, each household has around a half hectare on
average. Households in Arang-arang have five hectare oil palm that is controlled by two
companies.

Table 1. Household Characteristics Smallholders Oil Palm Farming Per Village
Variables

Mentawak Baru

Rawa Jaya

Dusun Baru

Arang-Arang

Mean

SD

Mean

SD

Mean

SD

Mean

SD

49.6

13.2

49.5

13.2

50

11.2

49.1

13.1

(years)

7.6

2.5

7.9

6.5

7.6

2.7

Household size

4.3

1.5

4.3

1.5

5.0

1.4

4.7

1.8

3.0

1.2

2.8

1.3

3.5

1.2

3.4

1.5

21

59.8

26

46.6

40

19.2

43

20.8

91737

182114.4

111243

110024.4

121591

121017.1

69059

57088.9

Oil palm area (hectare)

2.9

2.9

2.7

2.0

3.6

4.0

5.3

2.3

Rubber Area (hectare)

0.3

0.7

0.1

0,6

2.9

4

0.2

0.7

Others crops area (hectare)

0.1

0.5

0

0.1

0.8

2.4

0.7

1.2

106933

370860.0

157730

859499.6

117126

116733.0

Age of household head (years)
Education of household head

7.5

2.8

Number of working age
household members
The length of time staying in the
area (years)
Asset ( in '000 IDR )

Total gross income
( in '000 IDR )

34450

Source : Own calculation , n=285

Household experience of shocks and expectation of future risks.

Most household indicated that most severe problem of shocks is the falling price of the fresh
fruit bunch (FFB) (table 2). The results showed that household in Mentawak Baru perceived
the falling price of FFB (34%) and diminishing of productivity (26%) are main shocks.
Meanwhile, Arang-arang listed that flood is main of shocks (24%), followed by birth or
person joint to HH (15%) and illness (8%). Mostly smallholders‟ farmers did not reduce their
consumption and also did nothing in response to shocks. Meanwhile, above 32% respondents
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32592.6

did not expect any risks in the next five years. Mainly risk expectation depends on past
experience of shocks. The household who has a bad event in past either did not expect the
same or expected more bad events in the future.
Table 2. Perceived of experience of shocks and expected risk

Shocks experience and Risk
expectations
Shocks
Main of shocks
The fall of FFB price
The diminishing of productivity
Birth or person joint to HH
Flood
Illness
Total
Reducing of HH Consumption
Yes
No
Total
Copying Strategy
did nothing
using my saving
therapy and routine treatment
Total
Risks
Possibility risks in the next 5 years
Yes
No
Don't know
No answer
Total

Mentawak Baru
(%)

Rawa Jaya
(%)

Dusun Baru
(%)

Arang-arang
(%)

34
26
10

62
5
6

27
14
13

n= 618

n=812

n=207

15
24
8
n=600

6
94
n= 2639

12
88
n = 3591

8
92
n = 1044

6
94
n= 1335

45
5
11
n =2688

48
11
5
n= 3722

59
6
13
n=1031

63
11
8
n= 1335

28
43
27
2
n = 2750

33
39
26
2
n= 3805

29
47
22
2
n=1090

24
32
42
1
n = 1406

Source : Household survey 2010 and 2012; Note : Using multi responses answer

Smallholders farmers’ perception of environmental conditions
In the 2012 survey, an awareness assessment of smallholders farmer‟ perception regarding
changes in the environmental aspects of changes as general in oil palm plantations was
conducted. The most significant changes by smallholders famers‟ perception in all villages is
presented in Figure 2 and 3.

88

Figure 2. Smallholder farmers „ perception of most significant changes
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The largest part of perceived smallholder farmers is more than a half is weather
(54%), then followed by water quantity and quality (20%) and fish population, forest cover,
pollution air, wild animal (forest pig), wild plants (orchid forest/mushroom) are below 9%.
Figure 3 describes mostly household in all sites perceived the weather as a most significant
change. Majority of respondents indicated that weather is getting hot (more heat).
Meanwhile, no significant change was observed in wild plants in Arang-arang village.
Figure 3. Smallholder Farmers‟ Perception of most significant changes per village
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Conclusions
This paper presented a descriptive analysis of characteristics smallholders oil palm farmers
and their perception of environmental conditions of in Jambi, Indonesia. The preliminary of
result describes the household characteristics as general obtained more income from oil palm
plantation whereas there are some variations within and across four villages. Most of the
smallholder farmers in the three sites (Mentawak Baru,

Rawa Jaya and Dusun Baru)

perceived that the main shocks is the falling price FFB (fresh fruit bunch). Meanwhile,
Arang-arang list flood is the main shocks. The household expected no risks in the next five
years. The most significant changes in the four villages is weather. This paper suggest to
using the knowledge of respondents to manage the impact of the changed of environmental
conditions. Therefore, government and company support and environmental awareness from
smallholders oil palm farmers are expected to toward sustainability oil palm production. In
the next step of the analysis a causal link will be established between economic performance
of oil palm small holders and their measures taken to conserve natural resources and
environment as a precondition for sustainable oil palm development in Indonesia .
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Abstract
Lupin protein is a promising source of plant protein likely comparable to soybean, for this
reason, a better understanding of its protein needs to be explored. This experiment is aimed
to learn about the behaviour of lupin and soybean protein extracted at different pH. Protein
isolates from L. angustifolius and soybean seeds were prepared using different pH of
extraction of (6, 8 and 10). The properties observed were the yield, purity, solubility and
protein composition based on the molecular weight (Mw). When the pH of extraction was
increased to 8, soybean protein isolate (SPI) purity become 3% higher compared to the
results obtained at pH 6 while lupin protein isolate (LPI) samples showed a raise of 9%. On
the contrary, at pH 10 the yield went 2% down for SPI and 6% for LPI related to the samples
extracted at pH 6. Higher pH of extraction shows an increase in the levels of purity for both
SPI and LPI, but the highest yield values were obtained at pH 8. The Mw analysis using Size
Exclusive Chromatography (SEC) demonstrates that molecular weight (Mw) of protein in
LPI extracted with different pH were almost the same, yet the height of the peaks
(absorbance) was different. However, the chromatogram of SPI didn’t gave a clear result for
Mw, for this reason the values obtained from this experiment for SPI are not apparent.
Moreover, it was also found that extracting at different pH values provide a direct effect in
the solubility of proteins, less soluble proteins were the result of the use of higher pH during
extraction procedure. All in all, it is confirmed that the pH of extraction will give some
changes in protein properties for both lupin and soybean.

Keywords: Lupin, protein composition, protein solubility, PH extraction
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Introduction
Nowadays, plant proteins gain more attention due to its potential for being used as animal
protein replacer and as food ingredients for improving functional properties in foods (e.g.
emulsifier, foaming agents, etc.). One of the most important plant protein employed is
soybean due to its high protein content, around 40% (Renkema, 2001). People are also trying
to search for novel protein sources, such as legumes and oilseeds that can be employed for
human consumption. One of the legumes that have similar protein content to soybean, which
is also around 40%, is lupin bean. Lupin generally contains about twice the amount of
proteins found in those legumes that are commonly consumed by humans. (Kohajdová,
2011). Additionally, lupin is an economically and agriculturally valuable plant (Gulewicz et
al. 2008).
Despite of the fact it has high protein content; lupin has been used mainly as animal
feed due to the toxic quinolizidine alkaloids it possess. Elevated concentrations of alkaloid
produce a bitter taste, and reported pharmacological effects (Wink, 1998). However, these
compounds have been proven non-toxic at low concentrations (Ballester et al., 1980). Any
potential effect from the alkaloids in lupin is eliminated during preparation of protein isolates
since they are water-soluble and can be removed during processing (Gueguen and Cerletti,
1994). Therefore lupin should be able to become one of the alternative sources of plant
protein.
In spite of the fact that lupin has high protein content, this doesn‟t mean that it can be
used in the same conditions as soybean. Diverse types of proteins can provide different
characteristics, thus the composition of protein in lupin should be known to give more
information concerning the usefulness of its protein.
Soybean and lupin protein could be used as an ingredient in food product only after
purification and isolation. The most widely procedure used to prepare seed protein isolates is
by isoelectric precipitation. Alkaline solubilization of the proteins (around pH 8) is employed
to remove the insoluble material by centrifugation. Berk (1994) stated that more protein can
be extracted at higher pH values. However, the extracted proteins may undergo undesirable
chemical modifications in strongly alkaline solutions. These include protein denaturation and
chemical changes in amino acids. Thus this could influence the protein properties as well.
However it is possible that the optimum pH of extraction could vary depending on the source
and protein composition itself.
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As we know, the characteristics of soybean protein have been well studied; hence its
functionalities are also known and used in many food products especially in dairy industry.
This is not the case for lupin protein. Its application in food products still requires further
exploration hence its research is still limited compared to soybean.
Lupin protein could be a promising source of plant protein likely comparable to
soybean, for this reason, a better understanding of lupin protein needs to be explored. In order
to gain more knowledge about lupin protein behavior, this experiment is aimed to learn about
the properties of lupin protein and compare it with soybean, specifically the pH of extraction
and its effect on the protein isolate yield, purity, solubility and protein composition.

Material and Methods
Materials

Lupin seeds used in this experiment belong to the species Lupinus angustifolius (Australian
sweet lupin) and soybean seed were obtained from the Advanced Food Chemistry Course
Laboratory.

Methods

Preparation of deffated lupin and soybean
50 gram of lupin and soybean were soaked in water until the bean soften and was suitable for
dehulling. Dehulled bean was crushed using blender with buffer solution of tris HCl 30 mM
in a ratio of bean : buffer = 1.0 : 10. The mixture was then centrifuged (Sorvall RC 6+
centrifuge, Thermo scientific, rotor type F21-8x50y) for 15 minutes at 5000 rpm. The lipid
layer was separated from the mixture to obtain deffated samples.

Preparation of protein isolates by alkaline water extraction/isoelectric recipitation (isolatePI)
The defatted samples were adjusted to pH 6, 8, and 10 using 1 M NaOH or 1 M HCl. The
suspension was stirred for 1 hour at room temperature, then centrifuged (Sorvall RC 6+
centrifuge, Thermo scientific, rotor type F14s-6x250y) at 5000 rpm for 30 min. The extracts
were acidified to pH 4.5 using 1M HCl for both lupin and soybean proteins. The precipitate
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was recovered by centrifugation at 14000 rpm for 20 min. The supernatant was removed and
the pellet was neutralized by 1.0 M NaOH to pH 7. The obtained precipitate was then freezedried (Salmen Kipp, alpha 1-4LD plus. Christ).

Protein content determination
Dehulled (10 mg), defatted (200 µl) and protein isolate (10 mg) of both lupin and soybean
samples were weighed and placed into a Dumas cup and left in the oven at 60 oC for 24
hours. Samples were measured using Dumas method according to the protocols of the
Advanced Food Chemistry Laboratory manual. Protein factor used for the conversion of
nitrogen content into protein for soybean was 6.25 while for lupin the value used was 5.5.

Dry matter content
As much as 1 g of dehulled and defatted sample of both lupin and soybean samples were
weighed. They were placed in the oven at 105oC for 24 hours. The weight of the samples
after drying were measured and dry matter content could be calculated using the formula:
( )

(

)

(

)

Yield of protein isolate
The amount of protein was calculated from the defatted material by multiplying the weight of
the initial sample with the protein content. The same calculation was done for the protein
isolate sample. The yield was calculated using the formula that follows:

( )

(
(

)
)

Composition of protein isolate
Size exclusion chromatography: 2.5 mg of sample solution were diluted in 1mL of 10 mM
phosphate buffer pH 7. Samples were centrifuged at maximum speed for 10 minutes in an
eppendorf centrifuge (Eppendorf centrifuge 5424, FA-45-24-11, 5424/5424R). 250µl of
supernatant was placed in a special vial; the analysis was performed using automatic
Chromatogram system (Akta micro) in superdex column. The characteristics of the Superdex
TM 75 10/300 GL column are listed in the protocols of Advanced Food Chemistry
Laboratory manual.
95

Solubility of protein isolate
50 mg of sample were measured in order to obtain 1% w/v suspension using buffer solution
(Tris HCl 30 mM). pH of the samples were adjusted to 4.0, 5.0, and 6.0.The solutions were
stirred for 1 hour at room temperature and centrifuged (Eppendorf centrifuge 5424, FA-4524-11, 5424/5424R) for 15 minutes at 14000 rpm. The supernant was taken and used for
anaylsis using Bradford‟s method according to the protocols of the Advanced Food
Chemistry Laboratory manual. The absorbance analysis was done using Thermo Spectronic,
Genesys 10 UV equipment.

Results and Discussion
Lupin and soybean samples were extracted at different pH to obtain lupin protein isolate. For
further discussion part, the term LPI and SPI make reference to lupin protein isolate and
soybean protein isolate respectively. The numbers next to the term (6, 8, and 10) indicate the
pH at which the extraction was conducted.

Protein isolate yield and purity

Results of protein yield and protein purity for both SPI and LPI are presented in the Graph 1.
SPI 6 and SPI 10 gave higher yield compared to LPI. However, the yield of LPI8 and SPI8
was the same. The yield of both the SPI and LPI seemed to be highest when the extraction
was conducted at pH 8. Apparently the optimum pH of extraction between these two samples
that gives the best purity and yield is the same.
Results showed that applying higher pH of extraction gave higher purity of the isolate.
The same trend can be observed for both SPI and LPI samples. This result was consistent
with experiments conducted by Liu et. al., (2007) and Lqari (2002). During extraction,
alkaline condition was used to solubilize the protein while removing the insoluble materials,
such as fiber, sugars, polyphenols, lipids, and alkaloids. Higher pH gave more solubilized
protein and whereas unwanted compounds precipitate, having as a result higher purity of the
protein isolate.
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Graph 1. Protein content and protein isolate yield of SPI and LPI samples.

At pH extraction 6, both soybean and lupin showed the same purity, however when the
pH extraction increased to 8, the SPI purity increased as much as 3% while the LPI samples
increased up to 9% or three times more than SPI. The other way around happen in protein
isolate yield. Although the yield of LPI and SPI were the same when the pH increased to 8,
when the pH increased further to 10 the yield went down 2% for SPI and 6% for LPI. This
behaviour might be due to the fact that higher pH of extraction provides more harsh
conditions for the protein and might cause changes to its structure or even the degradation of
some amino acids (Lqari, 2002). Changes in the structure might then affect the isoelectric
point of the protein, therefore during the precipitation step at pH 4.5; the protein didn‟t
precipitate having as a consequence lower protein isolate yield. However the response to
alkaline condition could be different depending on the origin of the sample since it depends
on the protein composition.

Protein composition

Composition of the protein of LPI and SPI samples based on their Molecular weight (Mw) is
present in Fig.1. LPI samples, especially in LPI 8, seem to have a peak at elution volume of
10 ml that correspond to a molecular weight 670 kDa. Since one of the most abundant protein
in lupin is α-conglutin that has a molecular weight ranging from 330-430 kDa (Duranti,
2008), the molecular weight of 670 kDa is probably an aggregation from of two α-conglutin
molecules.
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In addition, all the LPI samples have peaks that correspond to Mw 13 kDa, which is very
likely to be δ-conglutin (Duranti, 2008). LPI samples at peak number 2 seemed to have a
shoulder. However the shoulder becomes broader with the increasing of pH of extraction and
at a certain point it looked more like a peak, so there wass the possibility that it could also be
a peak which overlaps with the peak number 2.
23 kDa
670 kDa

137 kDa

55 kDa

1 kDa

7 kDa
2 kDa

13 kDa

SPI10

UV Absorption 214 nm

SPI8
SPI6

LPI10
4 kDa

LPI8

2
3
LPI6

4

1

5

Elution volume (ml)
Figure 1. Molecular weight (Mw) analysis using Size Exclusive Chromatography (SEC) of lupin protein isolate
(LPI) extracted at pH 6 (LPI6), pH 8 (LPI8), pH 10 (LPI10) and soybean protein isolate (SPI) extracted at pH 6
(SPI6), pH 8 (SPI8), pH 10 (SPI10).

The peak for SPI samples was not clearly visible so it was presumably just a noise. The
possible reason for this result was that the SEC analysis uses a column that is sensitive to
solid material, so it requires sample preparation using centrifuge to remove the solid particles
that can affect the column performance. Since SPI was less soluble than LPI (see Graph 2),
most of the protein was precipitated and could not be analyzed using SEC. Consequently the
amount of SPI analyzed was less than lupin and inadequate for the SEC to measure it.
In general, no big differences in elution pattern occurred both in LPI and SPI extracted
with different pH. Apparently the pH of extraction does not have high effect in Mw of protein
in those samples. However even though there was no shifting of the peaks it was found that
the peak height (absorbance) was different. Although this study did not analyze the
quantitative protein composition, the absorbance might be related to the concentration of the
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protein. Furthermore, since the peaks in SPI samples are mainly seen as noise, further
experiment is needed especially for the effect of pH extraction on SPI.

Protein solubility

Graph 2 shows that lupin protein isolates have a minimum solubility value at pH around 5.0
for all different extraction conditions (pH 6, 8, 10). These results were in accordance to those
found by Ruiz and Hove (1976) in which they found that dehulled lupin has an isoelectric
point of 4.5; therefore was reasonable to have a decrease in solubility at near their isoelectric
point. For all lupin samples, the solubility value was higher at above the isoelectric pH than at
below one. LPI extracted at pH 8.0 showed higher solubility, reaching around 70% of soluble
protein.
On the other hand, soybean protein reached the less soluble fraction at pH 4.0-5.0
(isoelectric point). All samples showed a maximum level of solubility at pH 6, in which SPI 6
and SPI 8 have around 20% of solubility and SPI 10 reached almost 40%. Doxastakis (2000)
explains that there is a recurrent pattern in solubility behavior for both lupin and soybean,
reaching its minimum at pH around 4.0 to 5.5 and two maximum points one at pH 2.5 and the
other at 8.0.
The decreasing in solubility among the samples could be explained by the different pH
of extraction. Mild extraction conditions give rise to a better solubility of the proteins. When
the extraction is done at high pH values could make an aggregation between the protein
molecules is possible due to the formation of disulfide bridges. This phenomenon is caused
by a change in the protein conformation during isolation and in isoelectric precipitation. In
the case of soybean, 11S and 7S fractions are capable of forming disulfide-linked polymers
that make the molecule insoluble (Wolf, 1970).
The results of solubility obtained were in accordance to literature for all lupin samples
because low pH values of extraction have high solubility range. On the contrary, soybean
protein isolate reached the highest solubility pattern when extracted at pH 10. However, since
the range of pH values studied during this experimentation was limited, it was not possible to
affirm that this trend will continue at pH higher than 6.0; therefore it is important to make
further investigation of solubility using a broader pH range.
Graph 2 demonstrated that the solubility of lupin was higher than the one obtained for
soybean in all extraction conditions. Soybean contains antinutritional factors such as trypsin
inhibitors and enzymes that can affect the solubility of the protein. Lupin lacks of trypsin
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inhibitors, therefore, its solubility is higher. An alternative to improve the solubility of
soybean protein is applying heat treatment to eliminate the antinutritional factors and inhibit
the enzymes. King, et al (1985) investigated and concluded that giving a heat treatment
during isolation process (when the pH is far from the isoelectric point) improves the
solubility of soybean.
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Graph 2. Solubility of LPI (A) and SPI (B) in different pH

Conclusions
Higher pH of extraction gave a raise in purity of SPI and LPI, but the highest yield was
obtained for extraction at pH 8. The Mw of protein of LPI extracted with different pH were
almost the same, yet the height (absorbance) were different. The chromatogram of SPI were
not clearly seen therefore the result of Mw protein of SPI samples were not apparent.
Moreover, it was found that extracting at different pH values provided a direct effect in the
solubility of proteins, the use of higher pH during extraction procedure resulted in less
soluble proteins.
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Abstract
The effect of pectin extracted from durian rind applied in the making of strawberry jam was
studied and compared with commercial pectin from citrus peel. The blanched durian rinds
were dried and crush into fine powders. The pectin was extracted from durian rind powder by
acid extraction at pH 1.5 by using 0.3 N HCl and was precipitated by using 80% ethanol.The
precipitated pectin was washed by using 96% alcohol and was analyzed. The extracted
durian rind pectin can be classified as high methoxyl pectin with characteristics of 1024.71
equivalent weight,7.52% methoxyl content, 59.86% anhydrogalacturonic acid, 71.32%
degree of esterification, 252 seconds gel setting time, and 4365.9 N gel strength. In its
application in jam making, durian rind pectin concentration (0%, 0.25%, and 0.50%, w/w)
and strawberry fruit concentration (10%, 20%, 30%, 40%, w/w) were the two factors that
affect the characteristics of strawberry jam. Higher fruit concentration gave higher
consistency, viscosity, and gel strength. The pH, water activity and syneresis were reduced.
Increasing pectin concentration led to higher consistency, viscosity, gel strength, and
adhesiveness, but lower pH, water activity, and syneresis. Scoring and hedonic tests with 70
panelists were conducted to select the best formulation of the strawberry jam with durian
rind pectin. The most preferred strawberry jam formulation in term of spreadability and
overall characteristics was made with 20% (w/w) fruit concentration and with 0.25% (w/w)
durian rind pectin concentration. The best strawberry jam made using durian rind showed
comparable characteristics in term of physical (pH, total soluble solid, aw, viscosity,
consistency, syneresis), chemical (moisture, ash, protein, fat, carbohydrate), and sensory
evaluation (QDA method) with the strawberry jam made using commercial pectin.
Keywords: strawberry jam, durian rind, pectin, high methoxyl pectin
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Introduction
Durian is known as one of the most popular seasonal fruits in Southeast Asia, especially in
Thailand, Malaysia and Indonesia (Drenth and Guest, 2004). Wai et al. (2009) stated that
usually more than 50% of the total weight of durian fruit is composed of the rinds, which
could lead to environmental problem. Most of plant cells of durian are made up from
polysaccharides mixtures, which include cellulose, hemicelluloses, lignin, and pectin.
Specifically, Futrakul, et al. (2009) confirmed that pectin is the major component that builds
up the water soluble polysaccharide fraction extracted from durian rind. Thus, this
agricultural waste of durian rind can be considered as a potential alternative source of pectin.
Jam is an example of food products of which pectin is mostly applied, and strawberry
jam is known as the most popular fruit jam (International Jelly and Preserve Association,
2010). Strawberry contains low amount of pectin, and thus additional pectin is required in its
production to produce strawberry jam with a good quality (Ziedrich, 2008). Jams formulation
is very essential in determining physical properties of jam (Javanmard and Endan, 2010).
Changes in formulation could lead to changes in the food matrix constituents and eventually
changes the characteristics of the jams. Therefore, this research aimed to study the effect of
durian rind pectin and strawberry fruit concentration towards the characteristics of strawberry
jam, and to compare the best formulated strawberry jam made with durian pectin to
strawberry jam made with commercial pectin.

Materials and Methods
Materials

The material used to produce durian rind pectin was durian rind obtained from local retails,
while the materials used to make strawberry jam included durian rind pectin, “CP Kelco
GENU Pectin” commercial high methoxyl pectin, strawberry fruits, sucrose, citric acid,
distilled water, and natrium benzoate.
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Durian Rind Pectin Extraction
Durian Monthong (Durio zibethinus) rind was blanched at 80oC for 7 minutes and was dried
(50oC for 24 hours) by using cabinet dryer. The dried durian rinds were crushed by using
blender and were sieved by using 60 mesh sieve shaker to obtain fine durian rind powders.
The pectin extraction process was conducted based on method of Setyanegara (2008). Water
(20 x weight of durian rind flour) was added and the pH was adjusted to 1.5 by using 0.3 N
HCl. The solution was heated at 80 oC for 75 minutes and was filtered by using filter clothes.
The extraction was done in acid condition aided with heat treatment to release the pectin
which was chemically bound to the cell walls of the rind (Imeson, 2010). The filtrate was
mixed with 80% ethanol to precipitate the pectin (ratio filtrate : ethanol by volume was 1 :
1.5). The precipitated pectin was washed by using 96% alcohol until chloride-free. The
washed pectin was dried at 40 oC for 24 hours and crushed. The obtained fine powder was
referred as durian rind pectin, with yield of 8.10% - 13.83% (w/dry weight of durian rind).
The durian rind pectin was characterized by evaluating the equivalent weight, methoxyl
content, anhydrogalacturonic acid content, degree of esterification, gel setting time, and gel
strength.

Pectin Analysis

Equivalent weight analysis was performed based on method of Ranganna (1986). 0.5 gram
pectin was moisten with 5 ml of ethanol in a 250 ml Erlenmeyer flask and mixed with 1 gr
NaCl, 100 ml CO2-free distilled water, and 6 drops of phenol red indicator. The mixture was
slowly titrated with 0.1 N NaOH until yellowish red (pH 7.5) which presisted for at least 30
seconds appeared. The volume of NaOH used was recorded to calculate the equivalent
weight.
Equivalent weight =

Weight of sample x 1000
ml of NaOH x N of NaOH

Methoxyl content analysis was performed based on method of Williams and Phillips
(2000) by mixing the neutralized solution used to measure equivalent weight of pectin with
25 ml of 0.25 N NaOH. The mixture was shaken thoroughly and kept in a closed flask for 30
minutes at room temperature. Afterwards, 25 ml of 0.25 N HCl was added to the solution and
the mixture was titrated with 0.1 N NaOH until yellowish red (pH 7.5) which persisted for at
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least 30 seconds appeared. The volume of NaOH used was recorded to calculate the methoxyl
content.
% Methoxyl content =

ml of NaOH x Normality of NaOH x 3 1
weight of sample

Anhydrogalacturonic acid (AGA) content was determined based on method of
Ranganna (1977) to determine the purity as well as the degree of esterification of pectin. The
result obtained from equivalent weight and methoxyl content analysis were used to calculate
the percentage of AGA and degree of esterification (DE).
% AGA =

meq (equivalent weight+methoxyl)176

% DE =

weight of sample (mg)
176 x

x 100%

ethoxyl ontent x 100
31 x

Gel setting time analysis of pectin was determined based on method of Ranganna
(1986). 0.4 gr pectin was mixed with 5 gr of sugar and 100 ml of distilled water. Afterwards,
another 20 gr of sugar was added, and the mixture was heated with constant stirring until the
total soluble solid reached 65%. The solution was mixed with 1.5 ml of citric acid, and the
time needed until the mixture formed gel while stirred was recorded as gel setting time. The
gel strength was measured by using LFRA texture analyzer (Brookfield Engineering, USA)
with probe TA 10, speed 0.5 mm/s, distance 10 mm and was expressed as hardness (gram
force).
Application of Durian Rind Pectin in Strawberry Jam

The effect of three levels of durian rind pectin concentration and four levels of fruit
concentration towards characteristics of strawberry jam were evaluated. The formulations of
strawberry jams can be seen in the Table 1. The procedure used to make the strawberry jam
can be seen in Figure 1. Analysis on the characteristics of the strawberry jams included pH,
total soluble solid, water activity (aw), consistency, viscosity, syneresis, and texture (gel
strenght and adhesiveness). From total 12 formulations, five were selected based on
spreadability. Best five formulations were then evaluated through scoring and hedonic test to
obtain the best overall strawberry jam characteristics. Finally, the best formulation was
compared with strawberry jam made from commercial pectin in term of physical, chemical,
and sensory evaluation.
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Table 1. Strawberry jam formulation
Materials

Percentage

Strawberry fruit

10%, 20%, 30%, 40%

Pectin

0%, 0.25%, 0.50%

Sugar

45%

Preservatives (natrium benzoate)

0.05%

Fresh strawberry fruits
Sorting, washing, and removing the leaves
Crushing with blender
Measuring the pH and adding citric acid until pH 3.2

Adding with sugar (45% w/w)
Adding pectin and sugar with ratio 1:5
Cooking at 95 - 100 oC until the total soluble solid reach 65-66 oBrix
Adding natrium benzoate (0.05% w/w) and mix properly (*)
Pouring into jar
Strawberry jam
Figure 1. Procedure of strawberry jam making

Strawberry Jam Analysis

pH and aw analysis were conducted based on AOAC method (AOAC, 2005), by using pH
meter and aw meter, respectively. Total soluble solid analysis was conducted based on method
of Verma and Joshi (2000) by using refractometer. The consistency analysis was conducted
by using a consistometer spread sheet, to measure a distance of the poured jam spread.
Syneresis analysis was conducted by measuring the volume of liquid accumulated when the
jam was filtered throught common strainer for 1 hr. Viscosity analysis was measured based
on AOAC method (AOAC, 2005) by using viscometer (Brookfield Engineering, USA). The
gel strength and adhesiveness of the jam were measured by using texture analyzer
TA.XTPlus (Texture Technologies, USA), with 38 mm diameter cylinder probe. The probe
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was set to penetrate the sample 10 mm deep with pre-test speed 33 mm/s, test speed 2 mm/s,
and post speed 10 mm/s.
Moisture content analysis was conducted by using oven method (AOAC, 2005), ash
content by using dry ashing method (AOAC, 2005), protein content by using Micro Kjeldahl
method (AOAC, 2005), fat content by using Soxhlet method (AOAC, 2005) and
carbohydrate content by using difference method of substracting 100% with (% moisture + %
ash + % protein + % fat) (James, 1999).
The sensory analysis was done by scoring test (Meilgaard et al., 1999), hedonic test
(Lawless and Heymann, 2010), and quantitative descriptive analysis (QDA) (Meilgaard et al.,
1999). In the scoring test, panelists are asked to determine the intensity of certain parameters
in numerical scales. The scales started from (1) to (5) with definition depends on the
parameter evaluated. For the first sensory evaluation, the parameters evaluated was
spreadability of strawberry jam, while for the second sensory evaluation the parameters
evaluated included color, aroma, taste, and off flavor. Hedonic test was conducted in order to
measure the degree of likeness of the panelists against sample. The scales started from (1)
extremely dislike, (2) dislike, (3) slightly dislike, (4) neutral, (5) slightly like, (6) like, and (7)
extremely like. In the first sensory evaluation, the hedonic parameters evaluated was
spreadibility. In the second sensory evaluation, the hedonic parameters evaluated were color,
aroma, taste, and overall characteristics. In the second sensory evaluation, the parameter
evaluated was the overall characteristic of the strawberry jam. QDA method was applied in
order to discriminate the difference in sensory properties between strawberry jams made with
commercial pectin and durian rind pectin. Panelists were asked to express the characteristics
of the samples (appearance, aroma, off flavor, spreadibility, taste, and mouthfeel) by category
scales from 1 to 7, with 1 as the lowest intensity.

Results and Discussion
Pectin Characterization
Characterization of durian rind pectin was compared with citrus peel pectin from “CP Kelco”,
and the result can be seen in the Table 2.
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Table 2. Result of pectin analysis
Sample
Parameter
Durian Rind Pectin

Commercial Pectin

Equivalent weight (gram/mol.eq)

1024.71a

1502.99 b

Methoyl content (%)

7.52 a

7.28 a

AGA Content (%)

59.86 a

53.08 b

Degree of Esterification (DE) (%)

71.32 a

77.92 b

Gel Setting Time (seconds)

252 a

108 b

Gel Strength (gram force)

445.5 a

269 b

Different alphabet annotations indicate significant difference at =0.05

Ranganna (1977) stated that equivalent weight measures the amount of free
galacturonic acid group content (non-esterified) in the chain of pectin molecules. Higher
equivalent weight gave higher degree of esterification (DE) value (Setyanegara, 2008). Table
2 showed that durian rind pectin had significantly lower equivalent weight compared to
commercial pectin.
Methoxyl content shows the amount of methoxyl groups in the pectin chain and
determines the functionality of pectin (Gnanasambandam and Proctor, 1998). Higher
methoxyl content leads to higher DE value. According to Layuk, et al., (2002), pectin can be
classified into two based on the methoxyl content, which include high methoxyl pectin (7 –
12%) and low methoxyl content (2.5 – 4.55%). Table 2 showed that the methoxyl content of
durian rind pectin and commercial pectin did not differ significantly, and both can be
categorized as high methoxyl pectin.
Anhydrogalacturonic acid (AGA) content is important parameter to determine the
purity and degree esterification of pectin (Ranganna, 1986). Higher AGA content indicates
higher purity of the pectin since it is the main component that makes up pectin. Food
Chemicals Codex (1972) determines that the galacturonic acid content of pectin should reach
at least 35%. From the experiment, the AGA content of durian rind pectin (50.86%) was
significantly higher than commercial one (53.08%). Pectin with higher AGA content
indicating higher purity of pectin, leads to higher gel strength (Setyanegara, 2008).
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DE indicates the percentage of galacturonic acids found in the form of methyl esters
(Linden and Lorient, 2005). Visser and Voragen (1996) added that degree of esterification is
important parameter of pectin because it will determine the behavior as well as the suitable
application of pectin in food products. Wong (1989) stated that pectin with DE higher than
50% is high methoxyl pectin while pectin with DE lower than 50% is low methoxyl pectin.
High methoxyl pectins requires at least 55% soluble solid content with pH ranged from 2.0 3.5 to form gel, and low methoxyl pectin can form gel with lower soluble solid content (10 –
20%) and wider pH range (2.5 – 6.5), but requires the presence of calcium ions. Durian rind
pectin had significantly lower DE compared to commercial pectin which also affecting other
parameter such as gel strength and gel setting time.
According to Yoo, et al. (2009) degree of esterification is inversely correlated with
gel strength because as the degree of esterification is reduced, the methyl esters group will
also reduced, allowing the pectin chains to come closely together to result in higher gel
strength. The result of the experiment showed in Table 2 indicates the same trend with this
theory, at which durian rind pectin with lower degree of esterification (71.32%) had higher
gel strength (445.5 gf) compared to commercial pectin (DE 77.92%, gel strength 269 gf).
There is a correlation between degree of esterification with gel setting time of pectin
(Table 3). It was found in this research that durian rind pectin had degree of esterification
71.32% and required 4 minutes 12 seconds to form gel while commercial pectin had degree
of esterification 77.92% and gel setting time of 1 minutes 48 seconds. Therefore, durian rind
pectin can be classified as rapid set pectin while commercial pectin can be classified as ultra
rapid set pectin.

Table 3. Correlation between degree of esterication and gel setting time of high methoxyl pectin
Slow set Medium set Rapid set Ultra rapid set
58 – 65

66 – 69

71 – 74

74 – 77

Gel setting time (minutes) 30 – 120

15 – 25

3–7

1–3

Degree of esterification

Source: Sharma, et al. (2006)
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Effect of Durian Rind Pectin/Strawberry Fruit Concentration towards Physical
Characteristics of Strawberry Jam
pH
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* Mean followed by different alphabets shows a significant different at =0.05

Figure 3. Effect of fruit concentration (A) and pectin concentration (B) towards pH of strawberry jam

pH is an important parameter during jam processing since it will affect gelling
behavior, flavor, as well as shelf life of the product. In general, increasing fruit concentration
(Figure 3A) and pectin concentration (Figure 3B) resulted in lower pH of strawberry jam.
The pH reduction might occur due to hydrolysis of pectin into pectic acid during cooking
process. In addition, pectin was extracted by using acid and thus there might be some
hydrogen ions that were still carried by the pectin.
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* Mean followed by different letter shows a significant different at =0.05

Figure 4. (A) Effect of fruit concentration towards water activity of strawberry jam at different pectin
concentration (B) Effect of pectin concentration towards water activity of strawberry jam at different fruit
concentration
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Water activity is defined as free water available for the growth and activity of
microorganisms (Sivasankar, 2002). It is important property of food safety and can be used to
predict the stability of food because water activity is related with the posibility of microbial
growth as well as physical, chemical and enzymatic changes in food (Han, 2005). According
to Taylor (2005), the water activity of jam products is varied between 0.8 – 0.9. aw value
should not greatly affected since it is mainly correlated with total soluble solid (Coultate,
2009). However, decreased in aw value as fruit (Figure 4A) and pectin concentration (Figure
4B) increased might be contributed by the ability of pectin to trap water within its three
dimensional structure and thus lowering the aw of strawberry jam.
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Figure 5. (A) Effect of fruit concentration towards viscosity of strawberry jam at different pectin concentration
and (B) Effect of pectin concentration towards viscosity of strawberry jam at different fruit concentration

Increasing fruit (Figure 5A) and pectin concentration (Figure 5B) gave higher
viscosity of the strawberry jam. The viscosity is attributed by the ability of pectin to form gel
as water is trapped within pectin molecules (Vaclavik and Christian, 2008). Data of viscosity
for strawberry jam made from 40% strawberry fruit and 0.5% pectin concentration cannot be
obtained because the texture of the jam was too thick to be measured with the viscometer. As
pectin concentration increased, stronger three dimensional structure is formed, and thus a
more viscous solution can be obtained (Sharma, et al., 1998). Increasing fruit concentration
contributes to higher amount of pectin in the formulation, and thus higher viscosity.
Consistency
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Figure 6. (A) Effect of fruit concentration towards consistency of strawberry jam at different pectin
concentration (B) Effect of pectin concentration towards consistency of strawberry jam at different fruit
concentration

Consistency is one parameter that can be used to indicate gel formation (Hui, et al.,
2006). It measures the distance that material flows under its own weight (Wrolstad, et al.,
2005). The result of consistency were in accordance with the result of viscosity since both
parameters are related to each other; as higher fruit (Figure 6A) and pectin (Figure 6B)
concentrations resulted in higher consistency of strawberry jam, due to the increase in pectin
concentration which improves the ability of the strawberry jam to trap water in the three
dimensional structure (Sharma et al. (1998), Vaclavik and Christian (2008)). This improves
the gel network and thus limits the flowability of the strawberry jam by increasing its
consistency.
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Figure 7. (A) Effect of fruit concentration towards gel strength of strawberry jam (B) Effect of pectin
concentration towards gel strength of strawberry jam
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Gel strength is one of the parameter that is considered to affect quality of jam
products. Jams which are excessive or lacking in gel strength can be considered as defective
(Dris and Jain, 2004). Higher fruit concentration gave higher gel strength, and increasing fruit
concentration up to 40% significantly increased gel strength of strawberry jam (Figure 7A).
Carbonell, et al. (1991) also reported that gel strength of strawberry jam was increased when
the fruit content increased above 35%, because at that level the pectin and sugar in contained
in strawberries are able to significantly increase the water binding capacity and gel formation
of the jam (Coultate, 2009). Increasing pectin concentration gave higher gel strength (Figure
7B), by creating junction zones among them and trap water within the three dimensional
structures (Coultate, 2009). Higher pectin concentration increased size and number of
junction zones during gelation, resulted in higher gel strength (Sharma, et al., 1998).
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Figure 8. (A) Effect of pectin concentration towards adhesiveness of strawberry jam at different fruit
concentration (B) Effect of pectin concentration towards adhesiveness of strawberry jam

Adhesiveness is defined as the work requires to overcome the attractive force between
the product and a specific surface, which was the probe (Genovese, 2010). Fruit
concentration did not give significant effect towards adhesiveness of strawberry jam (Figure
8A). Meanwhile, pectin concentration significantly affected the adhesiveness of strawberry
jam (Figure 8B). Brookfield (2010) mentioned that adhessiveness is positively related with
gel strength since harder gel will form a void in the sample and give adhesive impression.
This implies that gel formation was mostly contributed by durian rind pectin rather than
pectin from strawberries, confirming the need of pectin addition in strawberry jam making.
Syneresis
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Figure 9. (A) Effect of fruit concentration towards syneresis of strawberry jam at different pectin concentration
(B) Effect of pectin concentration towards syneresis of strawberry jam at different fruit concentration

Syneresis is undesirable behavior that might occur in jam products due to separation
of liquid phase in the jam from the gel structure (Man and Jones, 2000). At 0% pectin
concentration, increasing fruit concentration resulted in lower volume of syneresis (Figure
9A) as strawberry fruits contain pectin in small amount and therefore the amount was not
sufficient to trap the water and caused syneresis (Bates, et al., 2001). Figure 9B showed that
at all fruit concentrations, increasing pectin concentration could reduce the volume of
syneresis. This trend was in accordance with function of pectin to trap water within its three
dimensional structure, and thus limiting syneresis (Vaclavik and Christian, 2008).
Determination of best formulation

Samples were firstly screened based on the spreadability hedonic, and secondly based on the
physical characteristics. The first screening step was performed to prevent sensory fatigue
which might contribute to decline in the capability of assessing samples due to excessive
testing (Kemp, et al., 2009). Spreadibility was the chosen attribute since it was one of the
most important jam‟s characteristics which is influenced by pectin addition. Five most
preferred formulations in term of spreadability with good physical characteristics were
evaluated to obtain best formulation based on overall scoring and hedonic.
Spreadability scoring
Scoring test was conducted to evaluate the spreadability of strawberry jams from various
formulations. Spreadability indicates how easy a product can be spread and considered as
desired characteristics in jam products (Basu and Shivhare, 2010). Scoring test was done by
30 panelists (scores 1 to 5, higher score indicates higher spreadability). To determine the best
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5 formulation, spreadability commercial jam was also evaluated. It can be seen in Figure 10
that out of twelve formulations, there were only two formulations which spreadability scores
were significantly different from commercial jam: significantly lower due to lack of pectin to
induce gel formation (formulation with 10% strawberry fruit, 0% pectin) and significantly
higher due to excessive concentretation. of pectin which induce excessive gel formation
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* Mean followed by different letter shows a significant different at =0.05

Figure 10. Spreadability of 12 DRP str commercial jam

Spreadability Hedonic
Hedonic test was conducted to evaluate the likeness of spreadability of strawberry jams from
various formulations. Hedonic test was done by 30 panelists with seven levels of scores (1 to
7) and higher score indicates higher likeness. Figure 11 shows that the most preferred
spreadability obtained from formulations 10% strawberry fruit 0.50% pectin, 20% strawberry
fruit 0.25% pectin, 20% strawberry fruit 0.50% pectin, 30% strawberry fruit 0% pectin, 30%
strawberry fruit 0.25% pectin, 30% strawberry fruit 0.50% pectin, 40% strawberry fruit 0%
pectin, and 40% strawberry fruit 0.25% pectin. These formulations was shown to have low
pH (2.8 – 3.4), high total soluble solid (≥ 65oBrix), and low aw (0.8 – 0.9). Strawberry jam
with 0% pectin concentration was not chosen for showing syneresis, which considered as
quality defect (Man and Jones, 2000). Strawberry jam with 40% strawberry fruit
concentration was also not chosen as the other formulations which used less strawberries
were considered more cost-efficient. The chosen five formulations were the ones with (1)
10% strawberry fruit 0.50% pectin, (2) 20% strawberry fruit 0.25% pectin, (3) 20%
strawberry fruit 0.50% pectin, (4) 30% strawberry fruit 0.25% pectin, and (5) 30% strawberry
fruit 0.50% pectin.
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Figure 11. Spreadability hedonic of twelve strawberry jam formulations

Scoring and hedonic test on five best formula
Aside of texture and nutritional value, taste, aroma, and color are important parameters that
affects the quality of a jam (Javanmard and Endan, 2010). Therefore, hedonic test on these
parameters, along with overall hedonic, were conducted. Table 4 shows that the the taste and
aroma of the strawberry jam was mainly affected by the concentration of strawberry fruits.
Strawberry fruit contributes to the taste of jam for its sugar and organic acids content.
Sucrose, glucose, and fructose are the major sugar while the main organic acids include citric
and malic acids (Nunes, 2008). Moreover, it also gave strawberry jam aroma due to its esters
and furanones content, which are two major compounds responsible for strawberry aroma,
with 2,5-dimethyl-4-hydroxy-2H-furan-3-one (DMHF) as the main aroma contributor
(Marshall, et al., 2003). Color was affected both by strawberry and pectin concentration. Red
color in strawberry jam is mainly contributed by anthocyanin pigment originated from
strawberry fruits (Yoshida, et al., 2002). There was no clear influence of pectin to the color of
strawberry jam. Available study indicated that pectin may result in color degradation of
pectin processed product (Lewis et al., 1995). Moreover, reduction of water activity by the
addition of pectin was found to result in negative effect on anthocyanin stability at high
temperatures (Jimenez et al, 2012). In this research, however, it was noted that increasing
pectin concentration significantly improved the color of the strawberry jam, which might be
due to the reddish color of the durian rind pectin flour. Despite the difference in term of
intensity, the color of the strawberry jam made with durian rind pectin and the one made with
commercial pectin (citrus peel pectin) did not differ in term of preference assesed by hedonic
test.
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Strawberry jam made from 30% strawberry fruit and 0.50% pectin concentration was
the most preferred formulation compared to others, indicated by the highest hedonic score.
However, they are not statistically different, except for strawberry jam made from 10%
strawberry fruit and 0.50% pectin concentration which was the least preferred. This also
indicates that the less intense color in other formulations than the strawberry jam made from
30% strawberry fruit and 0.50% pectin concentration did not affect neither color nor overall
hedonic assesment of the panellist. Considering these results and the cost-efficient use of
ingredients, strawberry jam made from 20% strawberry fruit concentration and 0.25% pectin
was chosen to be compared with strawberry jam made with similar concentrations of
strawberry fruit and commercial citrus peel pectin.
Table 4. Result of scoring in term of taste, aroma, color, and overall characteristics of five strawberry jam
formulations
Formulation
Taste * Aroma * Color * Overall *
Fruit Pectin
10%

0.50%

2.94a

2.21a

2.49a

2.27a

20%

0.25%

3.37b

2.94b

3.33b

3.33b

20%

0.50%

3.39b

2.96b

4.07c

3.34b

30%

0.25%

3.43b

3.17b

3.86c

3.50bc

30%

0.50%

3.66b

3.30b

4.54d

3.77c

* Mean followed by different letter is significantly different at =0.05
**Higher score showed higher intensity

Table 5. Result of hedonic in term of taste, aroma, color, and overall characteristics of five strawberry jam
formulations
Formulation
Taste Hedonic* Aroma Hedonic* Color Hedonic* Overall Hedonic*
Fruit Pectin
10%

0.50%

3.76a

3.27a

3.14a

3.03a

20%

0.25%

4.57b

4.44b

4.76b

4.71b

20%

0.50%

4.57b

4.49b

4.87b

4.81b

30%

0.25%

4.63b

4.66b

5.06b

4.84b

30%

0.50%

5.00b

4.67b

5.17b

5.23b
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* Mean followed by different letter is significantly different at =0.05
**Higher score showed higher likeness

Comparison between Durian Rind Pectin Strawberry Jam and Commercial Pectin
Strawberry Jam

Result of physical analysis can be seen in the Table 6. The result of pH, aw, and total soluble
solid for both jams were similar but strawbery jam made with durian rind pectin had higher
viscosity and thus also higher consistency despite having no statistical difference. This result
was in accordance with characteristics of durian rind pectin which has higher gel strength
(Table 2). In addition, strawberry jam with durian rind pectin showed no syneresis behaviour.
The result of the analysis showed that the proximate analysis of durian rind pectin (DRP)
strawberry jam and commercial pectin (CP) strawberry jam only slightly different, with
significant difference in term of moisture and ash content, which might differ already within
the pectins.
Sensory analysis was conducted by using QDA method in order to discriminate the
difference between two samples (Meilgaard, et al., 1999) with the help of 30 panelists. The
result of QDA test is can be seen in the Figure 13. In general both strawberry jams had
similar characteristics in the appearance, aroma, off flavor, taste, spreadability, and overall
hedonic. Considering all parameters evaluated, it can be inferred that DRP strawberry jam
had comparable characteristics with CP strawberry jam, in term of physical, chemical, and
sensory attributes. This implies that durian rind pectin has a comparable potential to be
applied in strawberry jam production (and possibly other type of jams which require pectin in
manufacturing) in comparison to pectin from citrus peel without contributing to sensory
aspects of the end product.
Table 6. Physical and proximate analysis of durian rind pectin (DRP) and commercial pectin (CP) strawberry
jam

Parameter

Sample
DRP Strawberry Jam
Physical
pH
3.27a
Total soluble solid (oBrix) 66.28a
Water activity
0.828a
Consistency (cm)
5.07a
Viscosity (Cps)
3260b
Syneresis (ml)
0a
Proximate Moisture
32.04a
Ash
0.10a

CP Strawberry Jam
3.34b
65.32a
0.839b
5.36b
1691a
0.5a
33.9b
0.17b
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0.12a
0.64a
67.21a

Protein
Fat
Carbohydrate

0.12a
0.64a
65.14a

* Mean followed by different letter is significantly different at =0.05

Appearance
5.17a
5.97a

Overall hedonic

4.17a

5.13a

Aroma

5.67a
5.27a

Taste5.53a

4.47a
2.07a
2.17a

3.83a

Off flavor

4.40a

Spreadability
DRP Strawberry Jam

1 = very low score
2 = low score
3 = slightly low score
4 = normal
5 = slightly high score
6 = high score
7= very high score

CP Strawberry Jam

* Mean followed by different letter is significantly different at =0.05

Figure 12. Result of QDA test between DRP Strawberry Jam and CP Strawberry Jam

Conclusion
From the preliminary research it can be concluded that pectin fraction from durian rind can
be extracted and utilized as an alternative source of pectin. Durian rind pectin was classified
as high methoxyl pectin and was superior in comparison to commercial pectin in term of gel
strength. In its application in jam making, increasing durian rind pectin concentration led to
higher consistency, viscosity, gel strength, adhesiveness, but lower pH, water activity, and
syneresis. Meanwhile, higher strawberry fruit concentration gave higher consistency,
viscosity, gel strength, and adhesiveness. However, the pH, water activity and syneresis were
reduced. It was noted that addition of pectin was important to make a cost-efficient
strawberry jam. The best formulation was obtained from 20% strawberry fruit and and 0.25%
pectin concentration which had the most preferred spreadability and overall hedonic
characteristic. In comparison with strawberry jam made from commercial pectin, strawberry
jam made from durian rind pectin had comparable physical, proximate, and sensory
characteristics. This implies its future use of durian rind pectin in place of the common citrus
peel pectin, which may be applied particularly in jam making as well as potentially in other
food products such as confectioneries, fruit juice, protein drinks, etc. as a gelling
agent/thickener/stabilizer.
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KNOWLEDGE MANAGEMENT SYSTEMS AS INSTRUMENTS TO
IMPROVE INNOVATION, GROWTH, AND THE SUSTAINABLE
COMPETITIVE ADVANTAGE OF INDONESIAN SMALL AND
MEDIUM ENTERPRISES
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Abstract
Knowledge is one of the most important assets in this information era since it is the most
promising source of innovation and the development of products and services. By maximizing
the use of knowledge for improving entrepreneurship, innovation and technological
development while focusing on the long-term vision of the organization, will enhance the
organization’s resilience to challenges and obstacles and improve its competitiveness. With
that awareness and realizations of the importance of well-managed knowledge, more and
more enterprises, including Small and Medium Enterprises (SMEs), have started to
implement Knowledge Management Systems (KMS) into their workflows. This paper will
involve a systematic and comparative literature analysis for creating the model to assess the
readiness, effectiveness, and the efficiency of the KMS implementation focused for SMEs. The
model will cover the main aspects of human oriented (focused on social, organizational and
people) and Information and Communication Technology/Information Systems (ICT/IS) and
the benefits and positive impacts of KMS. In the end, the model will be applied to the
managers of Indonesian SMEs through structured interview and observation. This paper
includes the investigation in SMEs to make recommendations for the best practices of KMS in
SMEs in order to expand their innovativeness, growth, and competitive advantage in the
future.
Keywords: Knowledge Management, Small and Medium Enterprises, Knowledge, Small Business
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Introduction
In this era of information, knowledge has become one of the most important capitals for any
organizations to become innovative and to enhance their competitive advantage. More and
more organizations are shifted from tangible resources to knowledge resources these days [1].
Without well-managed knowledge, organizations will have difficulties in doing innovation. It
is because innovation depends on creating the novelty ideas based on previous knowledge.
With well-managed knowledge, organizations will also be able to become more competitive
by seeing new opportunities, new market, new technologies or new business models based on
the vision, ideals, and aesthetic sense in the organizational member [2].
Successful and agile firms, besides managing financial assets (cash, buildings, and
infrastructures), should be able to manage intellectual assets (skills and experiences, knowhow and innovation, alliances and partnerships, values and culture, productivity, customer
relationship, patents and trademarks). Those practices are included in Knowledge
Management (KM). KM is the systematic and active management of ideas, information and
knowledge residing in employees of an organization so that other employees can utilize them
to be more effective and productive and maximize the organization‟s knowledge [3] [4]. KM
helps organizations leveraging intellectual assets to create high-performance business
techniques [5].
In this globalization, every firm, whether new, Small and Medium Enterprises (SMEs)
or even big enterprises, have to and can compete each other out. The success of innovation in
SMEs can be related to the firm‟s strategy of the firm‟s network, the use of technology,
internalization, role of public sector, role of knowledge source, and core competency. By
increasing the innovation as a source of competitive advantage, it can lead to development of
products or service that competitors cannot imitate, where customers will pay a high price
[6].
Even though managing knowledge is important, in the other hand, it is also not easy,
because not all knowledge is documented. There are also tacit knowledge, which resides in
people thoughts that is personal, hard to formalize, and difficult to communicate with others.
In order to successfully manage all kinds of knowledge in firm, there are many things to be
taken into the account seriously. There is Knowledge Management Systems (KMS) that
could help firms to do the KM practices by integrating Information and Communication
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Technology/Information Systems (ICT/IS) into it. KMS is common in big firms. However,
SMEs are less aware of those. If only they take KMS into their core business, it will be able
to increase their competitive advantage as well as enhancing their growth. Therefore, this
paper will try to observe what are holding them back in implementing the good KM practice
with KMS.

Aims of the research

There are research question the author would like to know in this research:


How are the perceptions and awareness of SMEs toward the KMS and its
functions?



Are SMEs have maximized KMS for their benefits in the terms of innovation,
growth, and sustainable competitive advantage?



In what ways the SMEs have using KMS?



What are the possible barriers and challenges in implementing the KMS?

Literature Review

KMS: ICT and IS in the KM practices

The advances in technology have influence the KM field, where the use of ICT and IS could
facilitate as well as allowing faster and more efficient of the KM activities. KM activities
include multiple practices related to managing knowledge from its creation phase until the
application of the knowledge itself. Nonaka proposed that knowledge creation process
covering four important activities: Socialization, Externalization, Combination, and
Internalization, which known as SECI model [2] [7]. Since the main goal of managing
knowledge in the firm is to be able to use the knowledge at the right time, in the right place,
and by the correct person, there should be practices and tools related to the knowledge
storage and retrieval, knowledge distribution, and knowledge application [8]. Therefore, the
use of IS and ICT should be taken into the account of KM. The ICT and IS, moreover, can be
used to support KM process above that enable dramatic improvement for any activities
related to the KM. The use of ICT and IS in KM leads to the term of Knowledge
Management Systems (KMS). According to Alavi and Leider, KMS refer to the use of
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Information Technology to systematize, enhance, and expedite intra- and interim KM [3].
Becerra-Fernandes, et. al. stated that KMS is the synergy between latest technologies and
social/structural mechanisms [9].

KM infrastructures

Even though ICT is the part of KM, the use of technology alone will not assure that the KM
activities in the firm will be successful [4]. The other aspects such as organizational culture
(encouragement, leadership, etc.) play important roles in the success of the implementation of
ICT in the KM [5]. These aspects are called KM infrastructures that covering organization
culture, organization structure and roles, IT infrastructure, Common Knowledge, and physical
environment [9]. KM Infrastructures may have different meaning in some other authors.
Other authors may mention these aspects as the supports in the KM success [1] [4] [10].

Performance measurement: growth, innovation, and competitive advantage

The implementation of KMS needs invests in resources as well as the commitment to ensure
continuous support throughout the firm [11]. All those efforts in KMS implementation is
purposed to get something in rewards and beneficial. Coakes explains that most of the
benefits of implementing KMS are indirect. Therefore, many firms have difficulties whether
the KMS successful or not [12]. The benefits of KMS implementation are often seen in the
aspects of performance of the firm. Turban, et. al. define the performance enhancement of
that resulted by the well-managed knowledge are enhancing of knowledge-driven culture,
fostering innovation, maximizing the intellectual capital, creating collaborative sharing,
transforming knowledge into value, and facilitating organizational learning [1]. Evaluation is
needed to measure them. The measurement is important so that the organizations be able to
show the value of knowledge management application [13]. Organizational performance can
be divided into 3 categories: effectiveness (ratio of output and input, related with
performances), efficiency (rate of growth) and adaption (responsive abilities to opportunities
and threats). The organization should have the competitive strategy to support the goals and
missions of the firm in relation with knowledge management activities. The measurement of
organizational performances is mainly divided into financial indicators (profit, revenue
growth, investment, capital return ratio) and non-financial indicators (innovation and
competitive advantage) [14].
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Small and Medium Enterprises

There are many definitions of what SMEs could be. It may differs in every country. For
example, in EU countries, micro enterprises should have human resources less than 10, small
shall have less than 50, medium and SMEs should have less than 250. Enterprises that have
more than 250 should be categorized as large firms [15]. In Indonesia, the latest regulation
made by central government (UU No 20 Tahun 2008) explained that SMEs are enterprises
that have total assets less than 1 million USD and annual sales less than 5 million USD
[16].The SMEs is very important since they are the engine of economic growth in most
countries. They are also essential for a competitive and efficient market. They play an
important role as a poverty reduction and the largest provider of employment in most
countries. SMEs are also a major source of technological innovation and new products. [17].
Almost all the countries around the world are having majority in the number of SMEs with
population above of 99 % leaving only 1 % of large enterprise s [15] [17]. Despites those
huge number of SMEs, only small amount of them that creating innovations across product
innovation, process innovation, non-technological innovation, new market innovation, and
collaboration in innovation activities. The problems of innovativeness in SMEs are believed
to be caused by the non-effective administrative processes in SMEs as well as the limitation
of the resources. OECD believed that innovativeness of SMEs could be fostered with the
knowledge management related activities [15].

Research Methodology
The main of the methodology in this research is literature review, which then followed with
interview and observation. The research model has been developed based on the literature
review above.

Figure 1. The research model
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We could see that ICT plays important role as the KMS in the KM practices.
However, there should be the KM infrastructure that needs to be developed so that the KMS
could be well implemented. All of the KMS implementation should be measured whether it
has reached the goal in the terms of firm‟s performance, the degree of innovation, and the
growth.

Items in KMS

According to Becerra-Fernandes, et. al., KMS could be divided into 4 types below. Various
ICT/IS could be implemented in those KMS [9].


Knowledge Discovery Systems. Knowledge discovery systems could be defined as
the systems that support the development of new knowledge from synthesis of
previous knowledge. In this type of KMS, data mining, video conferencing, e-mail
technologies could be applied.



Knowledge Capture Systems. Knowledge capture systems are the systems that
support the process of retrieving knowledge in the firm. The knowledge in the
retrieval process could be acquired from external of the organization. Knowledge
capture could be done by some technologies, such as: expert systems and search
engines.



Knowledge Sharing Systems. Knowledge sharing systems is the systems that
support the transferring and sharing processes of the knowledge. Knowledge
sharing activities could be done by collaboration systems, mailing systems, and
database systems.



Knowledge Application Systems. Knowledge application systems is the systems
that helps in the utilization of the knowledge. Knowledge could be applied with the
experts systems, management information systems, etc.

Items in KM infrastructures

According to Becerra-Fernandes, et. al., KM Infrastructures play the important roles in the
success of KMS. As mentioned before, it consists of five main aspects: organization culture,
organization structure and roles, IT infrastructure, Common Knowledge, and physical
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environment. However, by comparing other literatures, as well as looking at the critical
success factors in KM in SMEs, there are at least seven items: [4] [9] [10]


Management leadership and support. The practice in the KMS obviously needs to
be supported by the upper-level management.



Culture (Learning and Innovative Culture). The whole organization also should
have the learning and innovative culture so that the KMS implementation could be
successful.



Strategy and purpose; The organization should also define the goals and strategies
in KMS implementation.



Organizational infrastructure (ICT infrastructure). Since KMS using ICT/IS as the
tools, therefore the organizational infrastructure, such as network should be
provided.



Motivational aids. In order for the whole staff implement the KMS willingly, there
should be also motivational aids, both monetary and non-monetary.



Financial Resources. The financial resources should also be allocated in KMS
implementation.



Training and education & Human Resource Management. [9]. The human resource
management is also important for the success of KMS.

Items in KMS effects on organizational performance

Based on previous studies of KM and performance effects, we proposed three aspects related
to the organizational performance: [9] [14]


Innovation. Knowledge could be used to create innovative products/services.



The growth. By producing innovative products/services, it can benefits to the
growth of the firm by giving profits, revenue, and return of investment in the
current and the future, compared to the past.



Competitive Advantage. Innovation and growth is the sustainable competitive
advantage for all firms, which resulted from the well-managed knowledge.

Based on the model above, we evaluated the awareness and perceptions of
managers/owners of Indonesian SMEs. There was time constraint in this research; therefore,
this research took sample of only five SMEs. All of the SMEs are having less than 250
employees and turnover less than USD 1 million.
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The data was gathered using qualitative approach with interview as well as observation to
the real practices. KM field, moreover, contains so many difficult terms, where
comprehensive understandings between researcher and the objects of research are needed.
Therefore, the interview data collection method is more applicable in this research since it
will minimize misunderstandings between researcher and the objects of the research since
there the interaction between them is more fluid. Observation is needed to crosscheck the real
practices which meant by the interviewees. Those methods are also applicable to reach the
aims for exploring the benefits and positive impacts of KMS in Indonesian SMEs.

Similar Research

It is proven that SMEs do not manage knowledge in the same way with large enterprises.
Most SMEs understand the resource limitations that made them creative towards the
limitations in managing knowledge. Desouza and Awazu have researched on how SMEs
manage knowledge in US. They believe that it also applicable to other countries [18]. The
strategy of the implementation of IT in KM that could help SMEs to develop strategies in
implementing KMS has been investigated by Zanzani, et. al., [19]. Salojarvi, et. al. have also
done the research in the relation of the growth and the KM practice in Finnish SMEs [20].
There are many other literatures in the Indonesian SMEs. However, there are lack of research
focused on the ICT/IS in the KMS implementation and the relation with the performances of
SMEs. This research, furthermore, is help to fill the research gap of KMS implementation in
SMEs in developing countries, especially in Indonesia.

Results and Discussion
At the first phase of the interview, all firms were asked for the details and profiles of them.

Table 1. Profiles of the researched firms

Firm

Number Age of Firm’s
of staff

firm

Sector

Detailed Conditions

Service-based

Firm A is started from a family business.

and Trading.

It is a firm focus on the automotive

Annual
Turnover

Firm A

20

5

(10 - 50

years

staff)

< USD 1 M

business. Most of the staffs worked are
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technical staff. The ICT/IS related to the
business is used by the upper-level
managers and office staff such as sales
staff. The technical staff do not have
specific systems they worked with.
Firm B

4

2

(< 10

years

< USD 1 M

staff)

Industrial

Firm B is home-business in fashion and

(Product-

textile. The owner does the whole office

Based)

& work and managerial stuff. This firm

Trading

consists of 3 technical staff, which
commanded directly from the owner.
The ICT/IS related to the business is
used by owner/manager only.

Firm C

7

6 year

< USD 1 M

(< 10

Service-Based

Firm C is running in the creative

(Consultancy)

industry that consists of few staff, which

staff)

all of them are also the owners/managers
of the firm that working on specific jobs.
All of them are using the ICT/IS in their
business process.

Firm D

85

6

(50 -

years

< USD 1 M

Industrial

Firm D is fashion and textile industry,

(Product-

which has 2 owners, which acted as the

250

Based)

staff)

Trading

& stakeholders and designers. There are
also some specific divisions/functions
and their specific jobs. The technical
staff get the commands directly from the
retailer manager. The ICT/IS related to
the business is used by owners, finance
staff, and retailer manager.

Firm E

5

3

(< 10

years

staff)

< USD 1 M

Service-Based

Firm E is ICT firm, which working on

(Consultancy)

software projects. All the workers are
also the owners/managers. The ICT/IS
related to the business is used very often
since this firm is running in the ICT
field.
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In the table above, we could see the differences between all firms as the case studies.
The sample of firms above consists of three micro enterprises, one small enterprise, and one
medium enterprise. All samples are classified for easier analysis by using the number of staff.

KMS implementation

We have made the transcript of the interviews related to the use of KMS below. All these
transcripts are used for the analysis and discussion for aspects related to all 4 types of KMS.

Micro:
Firm B: I look in the surroundings for the most of the new knowledge. I use the technology to
acquire information … absorbs from Internet and search engines, social media, newspapers,
magazine ... Then, I just contemplate them by myself. I store the document in my personal laptop.
So, I know where to find … I‟m using the office applications for daily activities … I put my
thoughts in the blog of the firm that could be accessed by others … So, technologies are really
helpful. But right now, I just need the systems that are simple, easy, and free to use, since the
business I‟m running is also simple.
Firm C: We acquire the new knowledge from outside, then we meet (with other owners) to
discuss it ... We use technologies when it comes for acquiring knowledge or info from outside…
This firm has website and one email account to be used together with other staff. We also use
office applications for daily activities ... We don‟t have any advanced systems, such as artificial
intelligence, etc. We also often asked the customers for the services they got. We put those
feedbacks in our company website.
Firm E: We usually do brainstorming and debate. By doing that, the solution could be found
faster and clearer. We have firm‟s website and one email account, which is used together. The
others (managers) rarely use it though … But, we also create free yahoo mail, where we usually
use this to communicate with potential customers and with other staff. Everyone keeps document
according to the job. There is no specific system to keep the documents. It usually stored in the
email.

Small:
Firm A: … We have to think the new ideas and knowledge by ourselves. We sometimes do the
experiment … which become best practices … We asked the customers whether they like it or not.
We usually meet with other managers since we do not have any Research and Development
division … By doing so, we create new innovations. But, we don‟t have specific system or
technology to help me with the knowledge discovery ... Because most of the knowledge depends
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on the context of our firm … We create new knowledge or document that related to sales, which
we use excel ... We don‟t have document management system to store documents. If we need
specific document, we asked the responsible staff to provide us. We have firm‟s blog but not very
often using it. Since, as you may see, this firm depends on technical abilities on machinery.
Medium:
Firm D: To create a new knowledge or innovation, usually it comes from the top to bottom. Only
the owners and upper managers can come up with new things. It is all based on personal
knowledge which then brainstormed in the meeting… For the related ICT/IS, we have websites for
firm profile. For email, I‟m taking care of all emails from customers and suppliers; shared with
operators and finance staff … We also have specific emails related to our jobs. For other
(technical) staff, they don‟t have any specific emails ... We use office application for documenting
sales and official letter … We store some printed documents in folders and bind them in cupboard
stored in related month and year ... We have three different computers, which store different files
… Used mainly by the finance staff, operator. … All computers connected each other by LAN …
I use my own laptop … No Wi-Fi ... There is also no integrated systems … Sometimes, as the
owners I‟m also get the feedbacks of specific products from some staff, either asked or not asked.
Their feedbacks are very helpful to create better products in the market.

Knowledge Discovery Systems
As mentioned before, the first type of KMS is the knowledge discovery systems that support
SMEs in discovering new possibilities of business process, innovation, and new knowledge.
We can see from the interviews, not all types of firms have specific developed system for
knowledge discovery. When it comes to innovation and creation of new knowledge, they use
technologies to absorb knowledge from outside. Most of the innovation and new knowledge
are created from top managers/owners. In the small ones, sometimes, they did an experiment
to become the best practice of the firm.
Most of the ICT/IS used are free service, such as search engine, messaging system,
such as email. But they prefer to meet physically with others. Most of the firms have a firm
website or blog, which used only as firm profile and not integrated to other staff.
Also from the observations that have been made, most of the firm done the data
mining based on the sales made. However, the data mining process are often simple, just to
compare the sales statistics, and not used for any advanced knowledge processing, such as to
know the preferences of the customers. Almost all of the new knowledge are taken from the
outside firm and processed with the context of each firm to be the new knowledge and
innovation. The relation to the customers is mostly using email, messaging systems, and firm
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website/weblog. Most of them are active in the social media to get the trends of the
knowledge in the society.

Knowledge Capture Systems
The knowledge capture systems, they are helping the managers/owners to get any kinds of
information and knowledge from inside and outside of firm. All of the samples in the
interview seem to use the knowledge capture systems. However, most of the knowledge
captured are sourced from the outside of the firms, such as search engines, competitors‟
products/services and customers. Some of the firms also said that they capture for the
feedbacks by the staff, which could be useful for them.
When it comes to the internal knowledge capture process, it is done in the informal ways,
such as physical meetings and daily conversations. Most of the systems used are not
integrated that could be used by all staff.

Knowledge Sharing Systems
The Knowledge Sharing Systems are the most type of KMS used in all firms researched.
Most of the firms researched are having website and/or blogs, which used as the media for
sharing information and knowledge. However, the usage of the website is limited for the
relationships between the firms and the customers. The firms are sharing all the public
information and knowledge through firm website/weblog to their customers and potential
customers, as well as people. They do not create firm‟s portal so that all the staff could
communicate in that portal. They are also active as the social media users as for creating
image (brand image) in the eyes of the public. To share the knowledge in the internal of the
firms, most of them are doing meetings, daily conversations, and feedbacks.

Knowledge Application Systems
The Knowledge Application Systems is the most advanced system type of KMS. It helps
managers and any organization to apply specific knowledge in the specific conditions.
However, in the context of SMEs, this is the type of the system that has not been used at all.
Most of the firms do not use the Decision support systems, expert systems, or artificial
intelligences. They actually think that it could help them to overcome any problems by
applying the appropriate knowledge. However, most of them think that those kinds of
systems are often too expensive to afford.
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KM Infrastructures

As mentioned before in the model of the research. The use of the ICT/IS in the organization
is not the only main keys of the success of the KMS implementation. All other aspects related
to the KM infrastructures should also be taken into account. These are the transcripts for the
interview related to the KM Infrastructures.

Micro:
Firm B: Since I‟m the only manager, as well as owner, management support is very important. I
have to convince myself that to become bigger, there should be innovation and new products in
every day. I have to learn and create strategy to achieve the goals. Right now, this firm is very
small and self-funded. So I prefer to use the systems that is requiring no cost at all … I‟m also
encourage my staff to work better. Sometimes, I gave them bonus.
Firm C: We often share for anything interesting related to the job between others in our firms.
Everyone encourages others to learn more. Well, no direct rewards for doing it, but, by doing so, at
least we earn more knowledge and become smarter in our field of career. We allocate some funds
for technologies and innovation, as well as monthly internet subscription. However, if we learn
something, we just share that knowledge to others, of course, by seeing their specific related jobs
in the company.
Firm E: Actually, there are no „higher‟ or „lower‟ managers in this firm. We could say that we are
the same. So, support to each other is important. We also always learn from the experiences and let
others know about those experiences … Even the smallest experiences that do not related to the
jobs. There is no formal training. But, everyone learn by themselves. Allocation in KMS is
important, but we could just use free services.. We also have other priorities to be fulfilled. For
motivation, we often praise others for their excellences. We have written vision and mission stated
in the company website. We could say it is as the form of formality.

Small:
Firm A: … The knowledge in the technical staff is important since we are selling the services that
the technical staff understands. When we hired them, we asked for their capabilities. We also
encourage them to learn more in the field. We don‟t have any written vision and mission. But we
are aware of the growth and innovation. For the financial resources, we usually spend on buying
things from supplier. For KMS, we don‟t have specific budgets and we won‟t allocate for them in
the near time... There are many other aspects to be allocated… In this small firm, we prefer the
manual ways of managing knowledge. In this company, motivation is often monetary for working
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additional hours. We sometimes praise others for doing a good job. In this firm, there is a secretary
who does all the office things and she is the one responsible for that job.

Medium:
Firm D: Management leadership and support is very important in all the things. It is because the
managers and owners play important roles, including for influencing all other staff. We are trying
to make managerial things in this company becomes better. We have written vision and mission,
and goals. I‟ve learned business. Those are important. We try to provide some infrastructure and
make it better in the future. I sometimes gave vacations to other staff as well as giving bonus for
being the best staff. It could motivate them. We allocated for specific kinds of systems, such as
hosting. Related to the KMS, for now, we are happy for the current mechanism. Maybe in the
future … I believe that every staff in here could learn and improve their skills for being better in
this firm. Right now, we don‟t give any formal education to other staff. There is no specific person
who manages the documents or knowledge in this company. But, everyone manage the knowledge
by themselves.

Management leadership and support
All of the firms agree that management leadership and support is very important for the
success of the company and for the KMS implementation. It is because managers are the key
role in the firms. Other staffs pose them as the important person that needs to be followed. In
the SMEs researched, usually, everything started from the top to bottom. It means that the
managers should pioneer all the things in the company. Therefore, the upper level
managers/owner should be proactive in promoting something new to the firms for the better
firms.

Culture (Learning and Innovative Culture)
Creating a learning and innovative environment is proven to be effective in all types of firms
to be success and innovative. However, managers have to make the firm as conducive as
possible as a learning place so that the interaction and knowledge sharing could happen. The
relation between the managers and the staff should be close so that all the staffs feel
comfortable to communicate the ideas and knowledge to the decision makers in the firm.

Strategy and purpose
Written strategy and purpose is important as the guide for enterprises to act towards
anything that is related to them. In the researched firms above, it seems that most of the firms
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have some informal strategy and purpose related to the KMS. Most of them are flexible
towards KMS, which can change in the future. Some of the firms have prioritized something
over other things, which could be regarded as strategy for them. Some of the firms, especially
the medium one have the written vision and mission as the goals to be achieved in the future.

Organizational infrastructure
Organizational infrastructure consists of structure & roles and ICT infrastructure for KMS.
Most of the researched SMEs do not have specific roles of staff that managing knowledge.
They manage the knowledge by their own. Most SMEs also have a simple ICT infrastructure,
which usually an internet connection and personal computer. The use of those facilities
limited to only specific roles of staff and according to the job the staffs do. Most of the firms
provide the ICT facilities to the upper level managers because they are using it the most.

Motivational aids
In all the researched SMEs, most managers have given both monetary and non-monetary as
encouragement to do better in everyday activities. Even the smallest thing, such as greeting
could be regarded as the motivational aids to make staff have the attention of the
managers/owners. Related to the KMS, actually, most researched SMEs have not used
creativity, collaboration, teamwork, and knowledge sharing as the attributes for the
incentives.

Financial Resources
Financial resources are regarded as the limitations of most SMEs. They do not have
abundance of budget to spare on all things related to the business. Instead, they make some
prioritization over something. KMS is often thought to be less important since it does not
create direct impact to them. Most the researched SMEs prefer to use the free services related
to the KMS since it costs less. They look to use the traditional way of managing knowledge
as it is easier for them, where they do not need any complex systems yet.

Training and education & Human Resource Management
All researched SMEs have hired staff with capabilities they need at the first time. They
usually do not provide any development program for their staff, since they are also having
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limitation in the financial resources. However all managers in the researched SMEs hoped
that their staff learn from their daily activities.

KMS and organizational performances

In this part, we will observe the perceptions of all SMEs on the effects of KMS towards
organizational performances. All the interviews have been remarked in below transcript:
Micro:
Firm B: … I am agreeing so much on the well-managed knowledge could result in the innovation,
growth, and competitive advantage. For the use of KMS, I‟m also depends so much on the
technology and search engines to look for the new things and innovation. With innovation, I can
make my products different from competitors. However, in the condition of my firm, I think the
need of the implementation of the system should focus on the need of the company itself and not
being blind enthusiasm. … This firm has the financial limitation. therefore, I have to make the
prioritization of the things running in this firm. … Of all types of KMS, I would prefer the
Knowledge Discovery Systems and Knowledge Capture Systems, where I can store many different
products and extract knowledge from that system.
Firm C: In creative business like what we are doing, we need a continuous innovation and new
ideas so that our customer think we are the best. … We believe that technologies such as internet
really helpful with finding new ideas and innovative. However, we also have to aware that these
technologies could be so cruel when your ideas being stolen … In the creative industry, it is
important to find the base customers. Once they like it, they will continue to use it. Therefore, we
also play with the knowledge of the people, that way … Overall, we prefer the Knowledge Capture
& Knowledge Share Systems ... To get knowledge from others and to let others know …
Firm E: Our firm often needs a fast solution over something. We think that by connected with
experts through forum or any other services in the internet that storing knowledge could really help
us to overcome daily problems. There are so many people running ICT business these days … In
ICT business, sometimes image in the eyes of the customers is really needed. Usually, to become
more competitive than others, we need proactive promotion related to our services. … So far, we
have positive attitude towards Knowledge Sharing Systems for our customers. It is something that
we can build a web portal to let our customers know about us.

Small:
Firm A: … we are so rarely depends on the ICT/IS. We do the manual ways ... However, I‟m
agree that well-managed knowledge could enhance innovativeness of our firm … How I would
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know new things happened in other part of the world for new available ideas without those
systems … If we have to choose, we would prefer Knowledge Capture Systems … In the future,
maybe we will take maximum benefits of those KMS.

Medium:
Firm D: I am agreeing with the practice in KM could help my business to become innovative.
Even the advances in technologies also giving so many benefits to our business … There are too
much information and knowledge in the internet. Right now, we absorb knowledge from
customers and internal staff, so that the knowledge is more reliable … Related to the KMS, we
would prefer the Knowledge Application Systems that could help us making decision based on the
previous knowledge… By using the KMS, the managers should also take notice of the staff … I
look for the reality of KMS implementation in Indonesia that did not achieve the goals and
objectives. Many of its users (staff) use the systems and share their knowledge just because being
“forced” by the managers, not because they want to share. So, in order for the KMS works, good
communication between managers and staff is needed.

KMS and Innovation
All of the researched SMEs agree that the well-managed knowledge could resulted in the
innovation. By implementing the ICT/IS and KMS to their business processes, they can
capture more knowledge from outside of companies to create new ideas for products/services.
They can also acquire the knowledge related to their competitors, customers, and suppliers.
However, it also depends on the context of the firms. The knowledge acquired from others
should be processed further so it matched to the context of the firms.
Moreover, the Knowledge Discovery and Knowledge Capture Systems helps SMEs in
the terms of gathering more ideas to become innovative. Knowledge Sharing Systems is also
important to let internal staff share what they know to other staff, so that there could be a
discussion over something. Knowledge Application Systems is also found to be important so
that the innovative ideas can be realized in the correct time since it helps managers to make
decision.
KMS can also enhance creative thinking of the staff by enriching learning culture in
the firm. In the case study, we found that to make innovation, the creative thinking abilities is
still needed from the managers/owners and staff in order to process existing knowledge to
become more valid and novelty. By allowing discussion and knowledge sharing between all
staff with KMS, it allows all the staff to be creative in the work. However, the managers have
to make sure that the discussion in the company is not something that being forced.
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KMS and the Growth
Growth is often related to the increase of the annual turnover in every year. The comparison
of annual turnover is not made in this research. However, all of the researched SMEs believe
that innovation could also produce the positive impacts in the growth aspect. By releasing
innovative products/services, it will also enable SMEs create some positive image to their
customers, which also increasing in the sales.

KMS and the Competitive Advantage
By helping SMEs releasing innovative products/services, it also means that the SMEs could
get higher-value goods or services compared to their competitors. SMEs will be able to
compete with other big companies and survive in the long term. Those are the main benefits
by implementing the KMS in the SMEs.
There is also the increase of awareness of information overload and false information
as the challenge in today‟s KMS practice. Managers have to be selective and careful related
to those challenges. The other challenge of the implementation of KMS is the limitation of
the budget in most SMEs. The managers have to make prioritization of everything in their
firms.

Research Limitations

The small number of SMEs researched is the main limitation of this research. It is because
there was a time constraint in the making of this paper. Nevertheless, those limitations could
also be the possible improvement in the future research, by researching more numbers of
SMEs.

Conclusions
In this paper, the author has shown the types of KMS, its implementation, and its
impacts to the Indonesia SMEs performances. The author has also shown that the successful
KMS is not all about ICT/IS. There are also some important aspects that need to be
considered. Despite the positive impacts, there are also some challenges in the
implementation of the KMS because of the nature of SMEs themselves. It is hoped that SMEs
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have taken KMS as the strategy for improving their innovativeness, growth, and the
competitive advantage.
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