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PREFACE FROM ICONIET 2018 ORGANIZING COMMITTEE 

The International Conference on Innovation, Entrepreneurship and Technology (ICONIET) is an 

international conference held by Swiss German University (SGU), Indonesia, in collaboration with 

institutions, professional associations, industries and partner universities. ICONIET aims to provide an 

interdisciplinary platform for presentation of new and advanced research results to promote innovation, 

entrepreneurship, and technology. As a continuation of the 1st ICONIET which was successfully held in 

2015, ICONIET 2018 is held at Indonesia Convention Exhibition (ICE), BSD City, Tangerang, 

Indonesia, from October 30th-31st 2018, with the theme “Achieving Sustainable Development Goals 

through Innovation, Entrepreneurship and Technology”. ICONIET 2018 focuses on four main topics 

related to the Sustainable Development Goals: 1) Renewable Energy & Environment, 2) Food, Health 

and Herbal, 3) Smart Technology, and 4) Business, Economics & Social Sciences. 

 

On behalf of the Organizing Committee of ICONIET 2018, I would like to gratefully acknowledge all 

honored speakers, presenters, participants and sponsors for their significant contributions in conducting 

this conference. 

 

 

Best regards, 

 

 

Dr. Dipl.-Ing. Samuel P. Kusumocahyo 

Chairman of ICONIET 2018 Organizing Committe 
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PREFACE FROM ICONIET 2018 CHIEF OF EDITORIAL BOARD 

Dear respected Authors, Presenters, and Participants, 

I would like to thank and congratulate you on your contribution to the International Conference on 

Innovation, Entrepreneurship, and Technology (ICONIET) 2018. This year’s ICONIET is the 2nd 

ICONIET that has been organized. The first one was held in the year of 2015. While the 2015 ICONIET 

had taken the theme related to ASEAN Economic Community, this year’s ICONIET has taken the 

theme of “Achieving Sustainable Development Goals through Innovation, Entrepreneurship and 

Technology”. This is in line with the recently formulated Sustainable Development Goals (SDG) or the 

2030 Agenda, by the United Nations General Assembly in 2015, as a continuation of the previous 

Millenium Development Goals (MDG) which ended in 2015. 

To reflect this year’s theme on Sustainable Development Goals, we have accepted contributions in four 

independent yet interconnected tracks: Renewable Energy and Environment track, Food, Health and 

Herbal track, Smart Technology track, and Business, Economy and Social Science track. We have 

received more than 50 contributions in these four tracks. Each received abstracts has been reviewed and 

considered for its conformity with the theme. Later, we have invited authors or experts in related field, 

in a single-blind peer review method. 

I understand that ICONIET may be different than other many common technical conferences that you 

usually attend. Instead of being very narrow and specific, at ICONIET you are given the chance to 

attend and listen to presentations from various other scientific disciplines, from presenters with various 

background in academics, government and business. It is our hope that you may get inspired by 

listening to people who may have seen the same problem from different points of view. We also hope 

that the book of abstracts and proceedings of this conference can be your starting point for future fruitful 

research and collaborations to tackle the increasingly challenging problems of sustainable development 

in the years to come. 

Finally, I wish you an enjoyable reading of our conference proceedings.  

 

 

 

Best regards, 

 

 

Dr. Dedy H. B. Wicaksono 

ICONIET 2018 Chief of Editorial Board 
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Improvement of Combustion Quality of 

Biomass Briquette from Water Hyacinth 

(Eichhornia crassipes) for Alternative Energy 

Andre Nugraha Pramadhanaa, Diah Indriani Widiputrib* & Gustan Paric 

a,bSwiss German University, Indonesia 
bForest Products Research and Development Centre, Bogor, Indonesia 

*diah.widiputri@sgu.ac.id 

doi: 10.33555/iconiet.v2i1.2 

Abstract: Water hyacinth (Eichhornia crassipes) is a floating plant species, which spreads 

rapidly in fresh water area. This plant has found to cause environmental problems, such as 

clogging drainage, water intakes, and ditches, shading out other aquatic vegetation and 

interfering with fishing, shipping as well as recreational activities. In contrast to its drawbacks, 

water hyacinth is considered as one of the potential agricultural wastes in Indonesia that can be 

processed into an alternative solid fuel. Carbonization followed by briquetting is one of the 

methods that can be applied to process biomass into solid fuels. This work investigated the 

effect of carbonization temperature and two different types of binders on combustion 

characteristic of water hyacinth biomass. In this work, carbonization was carried out at three 

different temperatures, i.e. 350ºC, 400ºC and 450ºC, while comparing the application of two 

types of binders, which were tapioca gel and polyvinyl acetate (PVAc) adhesive. The results 

showed that carbonization process of water hyacinth increased the fixed carbon content and the 

calorific value, and the best result was obtained at 450oC with tapioca gel as the binder. With 

this condition, the fixed carbon content in the biomass briquette could be increased up to 

34.14% with a calorific value of 3,837 kcal/kg. Although the combustion efficiency was only 

4.89%. The application of water hyacinth as biomass briquette has shown a promising 

alternative to reduce CO emission and the above-mentioned environment problems. 

Keywords: Water hyacinth, biomass, briquette, alternative energy 

1. Introduction 

Water hyacinth (Eichhornia crassipes) is a floating plant species that lives in water. The ability to 

rapidly cover whole waterways makes water hyacinth as the world’s worst aquatic weed. In fact, the 

growth of water hyacinth within 6 months can reach 125 tons wet weight in the area of 1 ha 

(Istirokhatun et al., 2015).   The existence of water hyacinth causes the difficulty of sunlight entering 

the water system and the reduction of oxygen content in water. For several years, water hyacinth has 

been a serious problem in Indonesia. In fact, the population of water hyacinth in Indonesia is very 

abundant across the country’s water system, including lakes, swamps, etc. Moreover, this aquatic plant 

has some negative effects, such as blocking irrigation channels, eliminating native aquatic plants, and 

restricting livestock access to water to name a few (Istirokhatun et al., 2015).   Since the availability of 

water hyacinth is very abundant in Indonesia because of its rapid growth, so it has great potential in 

terms of raw materials. In fact, water hyacinth has a high content of cellulose, hemicellulose, and lignin 

so it has a great potential to be utilized as a source for the production of biomass briquette.   Biomass 

briquette is one of the most promising solid fuel to mitigate greenhouse gas emission during production 

and utilization. One of the methods for processing water hyacinth into biomass is by carbonization and 

briquetting process. By doing carbonization, the space need for storage can be smaller, and more 

importantly the combustion quality can also be improved (Surono, 2010).  Although several studies 

have been done to produce biomass briquette from water hyacinth, no research has really compared the 

combustion quality of non-carbonized and carbonized water hyacinth at various temperature, which is 
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important for combustion quality improvement. An improvement of the combustion quality through the 

application of carbonization and modified briquetting process through different types of binder needs to 

be further studied. Such study can be a solution to an emerging environmental problem and to energy 

deficiency. 

2. Research Method 

2.1. Materials and Equipment 

The main materials used in this research were water hyacinths which were collected directly from Lake 

Cipondoh in Tangerang, Banten. In connection with the binders, tapioca flour and polyvinyl acetate 

(PVAc) adhesive (LEM FOX) were prepared to hold the biomass briquettes fine particle all together.  

The equipment used for this research were oven for drying process, chopping machine for 

chopping the water hyacinth, furnace for carbonization, grinder for grinding the sample, sieve 

(40-mesh) for obtaining the needed particle size of a sample, and briquette press for forming biomass 

briquettes. Figure 1 shows several equipment used in the research. 

 

 

Figure 1. Furnace (Left) and Briquette Press (Right) 

2.2. Experimental Procedure 

First of all, water hyacinths were wholly collected from Lake Cipondoh in Tangerang, Banten. 

Furthermore, the water hyacinths were roughly chopped by using chopper.  Due to the different 

treatment for preparing non-carbonized and carbonized water hyacinths, the processes were done 

separately. Non-carbonization process was done by sun drying and grinding the water hyacinths into 

fine particles. As for the carbonization process, the water hyacinths were carbonized for 1 hour at 

several temperatures (350ºC, 400ºC, and 450ºC) in the furnace and ground using grinder as well. Both 

non-carbonized and carbonized samples were sieved with a 40-mesh sieve. 

After that, two different types of binders (tapioca gel and polyvinyl acetate (PVAc) adhesive) 

were prepared to be mixed with either non-carbonized or carbonized (350ºC, 400ºC, and 450ºC 

samples. Prior to its mixing process with the sieved samples, tapioca flour and tap water were mixed in 

proportion of 1:5, whereas PVAc adhesive and tap water were mixed in proportion of 5:3.  For each set 

of briquette sample, 5% tapioca gel or PVAc adhesive mixture on the entire mass of the sample was 

used. After mixing with the binders, the non-carbonized and carbonized samples were molded and 

compressed in a briquette press. The briquettes were immediately dried in an oven for 24 hours at 60ºC.  

Figure 2 shows the biomass briquettes made from different treatments. 

 

Figure 2. Water Hyacinth Biomass Briquettes with Different Treatments 
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2.3. Experimental Procedure 

Once the water hyacinth biomass briquettes were successfully made, the analytical procedure could be 

performed. The analyses were to determine proximate analysis (moisture content, ash content, volatile 

matter content, and fixed carbon content), ultimate analysis (nitrogen content, sulphur content, and 

chlorine content), and calorific value. 

3. Results and Discussions  

3.1. Proximate and Ultimate Analysis 

The proximate analysis in this research was to determine the moisture, ash, volatile matter, and fixed 

carbon content of the water hyacinth biomass briquette, whereas the ultimate analysis was to determine 

nitrogen (N), sulphur (S), and chlorine content of the water hyacinth biomass briquette biomass 

briquette 

Table 1: Proximate and Ultimate Analysis Results 

Sample 
Moisture 

Content (%-w) Moisture 

Content 

(%-w) 

Ash 

Content 

(%-w) 

Volatile 

Matter 

Content 

(%-w) 

Fixed 

Carbon 

Content 

(%-w) 

N 

(g/100g) 
S 

(g/100g) 
Cl 

(g/100g) Binder 

Type 
Sample 

5% 

Tapioca 

Gel 

Non-Carbonized 2.055 22.395 61.845 15.760 1.325 0.210 3.390 
350ºC 1.275 37.080 26.585 26.335 1.825 0.200 5.700 
400ºC 0.695 38.010 32.535 29.455 1.915 0.300 5.700 
450ºC 0.505 40.615 25.275 34.110 2.185 0.320 5.730 

5% PVAc 

Adhesive 

Non-Carbonized 1.875 20.885 61.690 17.425 1.595 0.200 3.690 
350ºC 0.895 36.360 37.345 26.295 1.870 0.170 5.700 
400ºC 0.605 37.890 33.165 28.945 1.970 0.280 5.730 
450ºC 0.515 40.615 25.250 34.140 1.970 0.310 5.700 

3.1.1. Effect of Binder Types and Carbonization Treatment on Moisture, Ash, Volatile Matter, 

and Fixed Carbon Content of Water Hyacinth Biomass Briquette 

Moisture content is the ratio of water in a material that lost during the drying process. The lower the 

moisture content the better the quality of the biomass briquette. According to the Table 1, the moisture 

content of biomass briquette using PVAc adhesive is lower than tapioca gel in the first three treatments. 

Compared to tapioca gel, PVAc adhesive is more able to make the biomass briquettes less porous, 

which make the water in the surrounding not easily absorbed the by the biomass briquettes (Karim, 

Ariyanto, & Firmansyah, 2014).  In contrast, Faujiah (2016) adds that adhesive such as tapioca gel 

which contains starch, may possibly absorb water from the air. Consequently, the non-carbonized and 

carbonized biomass briquette with 5% tapioca gel has more moisture content than using 5% PVAc 

adhesive. In terms of carbonization treatment, the lowest moisture content is 0.505%, which occurs in 

carbonized biomass briquettes at 450oC with 5% tapioca gel. This has almost the same value as 

carbonized biomass briquettes at 450oC with 5% PVAc adhesive, which is 0.515%. While the highest 

moisture content is 2.055%, which occurs in non-carbonized biomass briquettes with 5% tapioca gel. 

The moisture contents of the water hyacinth biomass briquettes are lower along with the increase in 

carbonization temperature. That means, the water in the sample will be driven off as vapour during the 

carbonization process, resulting in lower moisture content in the final product. 

As for the ash content, since it is incombustible and may cause corrosion, so it is actually 

unwanted. The ash content of biomass briquette using tapioca gel is higher than PVAc adhesive in the 

first three treatments. The high amount of ash content found in the biomass briquette with 5% tapioca 

gel  also affected by the high content of inorganic substances found in tapioca gel such as SiO2, MgO, 

Fe2O3, AlF3, MgF2, and Fe (Maryono, Sudding, & Rahmawati, 2013). However, the ash content of 

carbonized biomass 450oC with either tapioca gel or PVAc adhesive achieves an even result. Although 
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the use of binder contributes amount of ash into the water hyacinth biomass briquettes, but the binder 

should still be applied. Otherwise, the biomass briquettes will be easily crumbled and difficult to be 

utilized as a fuel. In terms of carbonization treatment, the lowest ash content is 20.885%, which occurs 

in non-carbonized biomass briquettes with 5% PVAc adhesive. While the highest ash content is 

40.615% reached by carbonized biomass at 450oC, where two binders (tapioca gel and PVAc adhesive) 

achieve an even result. That means, the ash contents of the water hyacinth biomass briquettes are higher 

along with the increase in carbonization temperature. The higher the carbonization temperature, will 

cause decomposition in the water hyacinth, while the remaining composition turns into ash. This was 

also occurred in the research by Wahyusi et al. (2012), where the ash content of peanut skin biomass 

briquette was increased along with the increase in carbonization temperature 

In addition, volatile matter content is a parameter to measure amount of smoke produced during 

the combustion process. According to Table 1, the lowest volatile matter content is 25.25%, which 

occurs in carbonized biomass briquettes at with 5% PVAc adhesive. This has almost the same value as 

carbonized biomass briquettes at 450oC with 5% tapioca gel, which is 25.275%. While the highest 

volatile matter content is 61.845%, which occurs in non-carbonized biomass briquettes with 5% tapioca 

gel. This has almost the same value as non-carbonized biomass briquettes with 5% PVAc adhesive, 

which is 61.69%. The similarities of volatile matter content between two binder types in the biomass 

briquettes indicate no correlation with the composition of binder. 

Lastly, fixed carbon is one of the parameters used to determine the quality of the briquettes, 

where the higher the fixed carbon content, the better the quality of the briquettes in which less smoke 

will be produced during the combustion process. According to Table 1, the highest fixed carbon content 

is 34.14%, which occurs in carbonized biomass briquettes with 5% PVAc adhesive. At 350oC, 400oC 

and 450oC, the carbonized biomass briquettes with either 5% tapioca gel or 5% PVAc adhesive have 

almost the same fixed carbon contents. The similarities of fixed carbon content between two binder 

types in the carbonized biomass briquettes indicate no correlation with the composition of binder. In 

terms of carbonization treatment, the increasing carbonization temperature causes volatile matters is 

released and more carbon is formed due to decomposition of organic polymers at higher temperature. 

3.1.2. Effect of Binder Types and Carbonization Treatment on Nitrogen, Sulphur, and 

Chlorine Content of Water Hyacinth Biomass Briquette 

The presence of nitrogen (N), sulphur (S), and chlorine (Cl) may involve the formation of ash content 

and toxic compound may cause human health complications (Pilusa, Huberts, & Muzenda, 

2013).  According to Table 1, the lowest nitrogen content is 1.325%, which occurs in non-carbonized 

biomass briquettes with 5% tapioca gel. While the highest nitrogen content is 2.185% reached by 

carbonized biomass at 450oC with 5% tapioca gel as well. The nitrogen contents of the water hyacinth 

biomass briquettes are higher along with the increase in carbonization temperature. However, there is 

similarity of nitrogen content between two binder types in the carbonized biomass briquettes. That 

indicates no correlation with the composition of the binders. In fact, at 350oC, 400oC and 450oC, the 

carbonized biomass briquettes with either 5% tapioca gel or 5% PVAc adhesive have almost the same 

nitrogen content. In terms of carbonization treatment, it indicates the increase in nitrogen content is 

subjected to the increase in carbonization temperature. That is actually in line with the increase in ash 

content as well, where the higher the carbonization temperature, the higher the ash content. That means, 

a certain amount of ash comprises nitrogen as its chemical constituent. 

As for the sulphur content, the lowest sulphur content is 0.17%, which occurs in carbonized 

biomass briquettes at 350oC with 5% PVAc adhesive. While the highest sulphur content is 0.32% 

reached by carbonized biomass at 450oC with 5% tapioca gel. Both non-carbonized and carbonized 

biomass briquettes with either 5% tapioca gel or 5% PVAc adhesive have almost the same sulphur 

contents, although the carbonized biomass briquettes shows a quite small increase in sulphur 

concentration. In fact, water hyacinth actually releases small amount of sulphur, nitrogen, and 

chlorides. The increase in sulphur content is probably due to the enrichment of sulphur in the solid 

phase during the biomass carbonization process (Cheah, Malone, & Feik, 2014). 

Lastly, according to Table 1, the lowest chlorine content is 3.39%, which occurs in 

non-carbonized biomass briquettes with 5% tapioca gel. While the highest chlorine content is 5.73% 

reached by carbonized biomass at 450oC with 5% tapioca gel as well. However, there is similarity of 
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chlorine content between two binder types in the carbonized biomass briquettes. That indicates no 

correlation with the main composition of the binders. In fact, at 350oC, 400oC and 450oC, the carbonized 

biomass briquettes with either 5% tapioca gel or 5% PVAc adhesive have almost the same chlorine 

content. The difference is due to the additional of tap water in binder preparation. The presence of 

chlorine in the tap water is used as disinfectant and bacteria controller. Consequently, the chlorine 

content in both binders was unavoidable. In terms carbonization treatment, it has been discussed before, 

that nitrogen, sulphur and chlorine are significant have an effect on reactions forming ash. The higher 

the temperature, the higher the ash content which makes the amount of chlorine as its constituent 

increases. 

3.2. Calorific Value 

Calorific value is the most important parameter that explains the energy amount in the biomass 

briquette. In other words, the higher calorific value, the better the combustion quality. The result of the 

calorific value of the water hyacinth biomass briquette is shown below in Figure 4. 

 

Figure 3. Histogram of Calorific Value of Non-Carbonized and Carbonized Biomass Briquette 

in Various Temperatures from Water Hyacinth with Different Binder Types 

3.2.1. Effect of Binder Types on Calorific Value of Water Hyacinth Biomass Briquette 

According to the Figure 3, in the first three treatments the calorific value of biomass briquette using 

PVAc adhesive is higher than tapioca gel. PVAc adhesive contains not too much water, thus the amount 

of fixed carbon in the biomass briquette is larger compare to tapioca gel. In contrast, the non-carbonized 

and carbonized biomass briquette with 5% tapioca gel has more moisture content than using 5% PVAc 

adhesive as discussed previously and shown in Table 1. With low moisture content, no heat will be 

wasted away just to evaporate the water. Instead, the energy of the remaining calories in the biomass 

briquette will be greater.   

As for the carbonized biomass briquette at 450oC, the use of tapioca gel (3837 kcal/kg) can 

surpass the use of PVAc adhesive (3805.5 kcal/kg), in terms of the calorific value. However, the 

difference between them is only 0.82%, which is extremely small. This is probably due to the impurities 

in the briquette during the briquetting process, which consequently slows down the increase in calorific 

value. Overall, the carbonized biomass briquette at 450oC with either tapioca gel or PVAc adhesive 

shows no significant difference in terms of the calorific value. 
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3.2.2. Effect of Carbonization Treatment on Calorific Value of Water Hyacinth Biomass 

Briquette 

According to the Figure 3 above, the calorific value of the non-carbonized and carbonized biomass 

briquettes using 5% tapioca gel ranged from 3258.5 to 3837 kcal/kg. Whereas the calorific value of the 

non-carbonized and carbonized biomass briquettes using 5% polyvinyl acetate (PVAc) adhesive ranged 

from 3933 to 3805.5 kcal/kg. The highest calorific value is 3837 kcal/kg, which occurs in carbonized 

biomass briquettes at 450oC with 5% tapioca gel. This has almost the same value as carbonized biomass 

briquettes at 450oC with 5% PVAc adhesive, which is 3805.5 kcal/kg. While the lowest moisture 

content is 3258.5 kcal/kg which occurs in non-carbonized biomass briquettes with 5% tapioca gel.  That 

means, the calorific value of the water hyacinth biomass briquettes increases along with the increase in 

carbonization temperature. The same condition also occurs in the result of fixed carbon content. This is 

because calorific value is inseparable with the influence of moisture content, ash content, volatile matter 

content, and fixed carbon content.   

The carbonization process undergoes several stages (Fachry, Sari, Dipura, & Najamudin, 2010; 

Maryono et al., 2013), where the first stage is the release of water vapor from the water hyacinth, along 

with the decomposition of cellulose into distillates which mostly contain acids and methanol. The 

second stage is the release of volatile substances which is the result of intensive cellulose 

decomposition as well as gradually burning the carbon, which is characterized by the emission of CO. 

The next stage is the decomposition of lignin compounds, which produces more tar (fixed carbon) as the 

temperature increases. The reaction is expressed below. 

(C6H10O5)n  → CH3COOH + 3CO2 + 2H2O + CH3OH + 5H2 + 3CO  (1) 

[(C9H10O3)(CH3O)]n → C18H11CH3 (tar) + C6H5OH + CO + CO2 + CH4 + H2  (2) 

(CxHyOz)n + O2 → C(graphite) + CO(g) + H2O(g)  (3) 

These processed were also occurred in the research by Surono (2010), where the calorific value 

of corn cobs biomass briquette increased along with the increase in carbonization temperature. This is 

due to the higher the carbonization temperature, the lower the moisture content and the volatile matter 

content in the carbonized biomass briquette. As a result, the amount of fixed carbon of the carbonized 

biomass becomes higher as can be seen in Table 1. In contrast, without involving carbonization process, 

the non-carbonized biomass briquette produces the smallest calorific value among others. 
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Abstract: This research was conducted for the purpose to overcome Indonesia waste problem. 

The samples are classified into garden waste, paper waste, wood, food waste, and MSW with 

objective to identify which type of waste give out more syngas since there is waste separation in 

Indonesia. All samples were treated by plasma gasification without pre-treatment (drying). Arc 

plasma torch used in this experiment was made by National Nuclear Energy Agency (BATAN) 

and used Argon as the gas source. Then the torch was connected to self-designed gasification 

chamber and gas washing system before injected into a gas bas for composition analysis. 

Another objective is to identify factors that may affect the gasification efficiency and the 

experiment shows that moisture content is not really affecting the efficiency but the duration of 

the process. The mass reduction of each samples were recorded, then the gas produced from the 

gasification process were analyzed. The result shows that food has the highest mass percentage 

reduced and producing the highest amount of hydrogen amongst other samples. However, 

treating MSW also produce considerably high amount of hydrogen. In conclusion, MSW direct 

treatment (without separation) using plasma gasification is feasible since it still produces 

desirable quality of syngas.  

Keywords: MSW gasification, plasma gasification, arc plasma sintering, waste treatment in 

Indonesia. 

1. Introduction 

Indonesia is currently in a state of waste emergency [1] because there are so many problems with the 

waste management and it hardly copes with the population growth. Landfill is popularly used due to its 

low maintenance cost. By far, 69% of the waste in Indonesia goes to landfill. The main problem in 

Indonesia is that the final disposal sites (known as Tempat Pembuangan Akhir or TPA) are poorly 

designed and not working effectively in Indonesia since it is merely an open disposal sites which may 

result in groundwater, air and soil pollution to the surrounding area [2]. All types of waste are mixed 

together since there are no regulations for household waste separation yet in Indonesia. The government 

is currently building the first waste incineration in Jakarta with a capacity to thermally process 2,000 

tons of waste daily. However, there are 7,000 tons of waste generated daily in Jakarta. Therefore, 

incineration still could not overcome the waste problem.  

A search for other option comes to plasma gasification. Plasma waste treatment to energy itself 

is not a new technology and the power plant has been operated in developed countries but not yet in 

Indonesia. The quality of syngas produced is affected by the waste composition. Thus, the compositions 

vary between countries since it is influenced by culture, economic development, climate, and energy 

sources [3]. Therefore, this research will focus on waste composition in Indonesia with laboratory scale 

plasma torch created by BATAN for the gasification process. 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

9 

 

2. Research Method 

2.1. Sampling Method 

MSW is a mixture between organic and non-organic waste (MSW), the sample will be simulated based 

on the municipal solid waste composition in Indonesia since the sample taken is relatively small and 

therefore random sampling directly from the dumping site is inefficient due to the unequal component 

distribution in each samples. Different types of organic waste were measured individually with purpose 

of identifying which types of organic gives out better quality of syngas but not for the inorganic waste 

since it is not carbon based.  

All samples were simulated. MSW were simulated based on Jakarta Waste Composition in 

2013 [4] The waste composition used in this experiment were: 

Table 1. Composition of Waste Samples 

No. Waste Type Sample Weight (g) Composition  

1 Garden 150 50 gr branches 

50 gr leaves 

50 gr soil 

2 Paper 100 25 gr white paper 

25 gr magazine 

25 gr newspaper 

25 gr cardboard 
3 Wood 100 35 gr leftover rice 

166 gr fruit peels 

24 nutshells 

36 gr egg shells 

39 gr vegetable scraps 

50 gr meat and bone scraps 
4 Food 350 35 gr leftover rice 

166 gr fruit peels 

24 nutshells 

36 gr egg shells 

39 gr vegetable scraps 

50 gr meat and bone scraps 
5 Municipal Solid Waste (MSW) 350 15 gr leftover rice 

56 gr fruit peels 

23 gr nutshells 

12 gr egg shells 

55 gr vegetable scraps 

17 gr meat and bone scraps 

24 gr wood beam 

8.5 gr saw dust 

10 gr soil 

6 gr cardboard 

15 gr newspaper 

6 gr plastic bags 

29 gr food packaging 

31.5 gr broken glass  

28 gr aluminum foil 

7 gr rubber band 

7 gr cloth 
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2.2. Design of experiment 

The schematic diagram of the overall experiment setupis shown in Fig.1. and the specification of 

gasification chamber design shown in Fig. 2. The material used for the chamber were 2mm thick 

stainless steel cylinder. 

 

 

Figure 1. Experiment Setup 

 

Figure 2. Gasification Chamber Design 

Each sample were fed into the gasification chamber (Fig.2) and the weight reduced were 

measured. The gas produced during the gasification process were injected into a gas sampling bag for 

further composition analysis using Gas Chromatography – Thermal Conductivity Detector (GC-TCD).  

3. Results and Discussion 

The result from GC-TCD shows that food produce the highest amount of hydrogen, followed by wood, 

MSW, garden, and paper (Fig. 3). The gasification efficiency of each type of waste shown in Table 2. 

Food has the highest mass reduction after the gasification process.  However, it has no direct correlation 

to the gasification efficiency but to the duration of gasification, in which increase the electricity 

consumption for the process and lower the efficiency. Gasification efficiency and quality of syngas 

produced is still highly affected by the waste composition. 
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Figure 3. Gas Analysis Result (GC-TCD) 

Table 2. Correlation between mass reduction and gasification efficiency 

No. Waste Type Gasification Efficiency (%) Mass Reduced (%) Gasification Time (h) 

1 Garden 17.38 74.7 18.57 

2 Paper 30.02 75.8 15.94 

3 Wood 33.82 78.8 20.83 

4 Food 18.4 87.8 47.8 

5 MSW 29.22 58.3 39.15 

Plasma gasification for waste treatment has proven to be a good alternative to the current 

landfills and incineration as it could reduce 50% of the waste weight. This would be very helpful in 

reducing the amount of waste in Jakarta since it is already exceeding the landfill capacity. In addition, 

the syngas produced during the gasification process of the waste proven to have a good quality as it has 

a high proportion of hydrogen and also with the presence of carbon monoxide and methane 

Factors that may affect the treatment using plasma gasification are moisture content. It was 

unwanted because it affects greatly to the duration of plasma gasification, which makes the process 

longer resulting in higher energy consumption to operate the plasma. The plasma is operated with 12V 

and 80A, which equals to 960 watt or 0.94kWh. Electricity consumption by each sample were shown in 

Table 4.6. 

Table 3. Energy Efficiency of Syngas 

 Plasma 

Operation  

Time (h) 

Electricity 

Consumption  

(kWh) 

Gas  

Volume  

(m3) 

LHV  

Syngas 

 (KJ/m3) 

Energy  

from 

Syngas 

(kWh) 

Garden 0.310 0.297 2.834 13763.12 10.83 

Paper 0.266 0.255 2.720 14823.66 11.19 

Wood 0.347 0.333 3.466 12585.39 12.11 

Food 0.797 0.765 2.747 11886.98 9.069 

MSW 0.653 0.626 3.806 15748.07 16.64 

Comparing the energy of the syngas and the electricity consumption, it could be concluded that 

the energy conversion is very efficient. However, in plasma gasification power plant, gas cleaning, gas 
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cooling, and gas purification is required before syngas could be commercially used. All those 

treatments will certainly increase the energy consumption used to produce the syngas itself.  

4. Conclusion 

Plasma gasification for waste treatment is applicable in Indonesia. Though food produced highest 

amount of hydrogen, MSW still produces considerably good amount as well. Which means the waste 

could be directly treated without being separated. The gasification efficiency is still low due to high 

moisture content of the sample but could be improved by adding drying to the pre-treatment.  
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Abstract: Nowadays, aviation sector became one of the most important transportation in the 

world. The demand in this sector has increased rapidly over the last 10 years. Unfortunately, the 

increase of the demand leads to an increase of fuel consumption and CO2 emission in the 

aviation’s sector. Bio-based aviation fuel is believed to be one of the solution for the reduction 

of CO2 emission in the aviation’s sector. Palm Fatty Acid Distillate (PFAD) which is a by- 

product of palm oil refinery, contains a high amount of free fatty acids. The free fatty acids 

contained in the PFAD are able to be converted into straight hydrocarbon chain through 

decarboxylation process. This thesis conducted 3 different experiments to find out the best 

decarboxylation reaction’s condition to convert the FFA into straight chain hydrocarbons over 

an activated carbon catalyst. The experiments compared the results between the experiment 

with different reaction’s conditions and the presence of solvent in the reaction. The results have 

shown that the third experiment, which used heptane as solvent and hydrogen in argon gas as 

reaction’s environment, has the best reaction’s condition among others. Experiment 3 has 

converted 77.07% of the FFA, while experiment 2 and 1 only converted 58.37% and 16.30% 

respectively.  

Keywords: Bio aviation fuel, Palm Fatty Acid Distillate, Decarboxylation, Activated Carbon, 

Free Fatty Acid. 

1. Introduction  

Air transportation is now one of the most important transportation modes, since it can transport a lot of 

passengers and it only takes a relatively short time to travel thousands of kilometre around the globe. In 

2016 there were 3.696 billion passengers that travelled by air (The Worldbank 2017). Like any other 

transportation modes, air transportation needs energy to power the engines. Petroleum based jet fuel is 

used to power the engines of the aircraft. In 2015, the world aviation sector consumed around 278,894 

tonnes of fuel (International Energy Agency 2017). This lead to a serious problem, since the availability 

of fossil fuel is depleting.  

The consumption of fossil fuels also leads to a high amount of carbon dioxide emissions. 

Worldwide, the aviation sector produced around 781 million tonnes of carbon dioxide emissions in 

2015. In order to reduce the emissions, the air transport industry developed a set of environmental 

targets, which is to reduce the net emission from aviation by 50% by 2015, compared to the emission 

level in 2005 (Commission et al. 2015). One of the ways to reduce the emission is by blending the 

aviation’s fuel with bio based aviation fuel.  

Until now there are several bio-based aviation fuel sources that are already used as a blending 

for the aviation fuel. The available bio based aviation fuel source are Jatropha, algae, and waste cooking 

oil. Palm oil may also possible to be one of the alternative bio fuel sources that can be converted into 

bio- aviation fuel. Fuel generation from palm oil, which is mainly used in biodiesel production, palm oil 

is refined to remove the fatty acids content. The physical refinery process of palm oil produces Palm 

Fatty  
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Acid Distillate (PFAD) as a by-product. Nowadays, PFAD is utilized as a raw material for 

detergent and soap due to the high Free Fatty Acid (FFA) content.  

Since there are several environmental problems being faced by the world today, in this case the 

generation of carbon dioxide emission and the depletion of the fossil fuels, the utilization of PFAD as a 

raw material for the bio aviation fuel production may be one of the alternative solutions to solve the 

problems.  

2. Research Method  

The decarboxylation process of the PFAD was done using catatest reactor, which shown in figure 1 and 

figure 2. The reactor has a capacity of 1000 ml with dimension of 94 mm x 150 mm, temperature up to 

500°C, pressure up to 1500 psig, and agitator rotation up to 1750 rpm. The reactor is a jacketed reactor, 

which is used for the heating, it also has water coolant inlet and outlet for the cooling process, and gas 

inlet and outlet for gas injection. As shown in figure 3, the system was controlled by a computer, which 

can control the process temperature, as shown in figure 4 and the agitator rotation speed. The process 

pressure was controlled manually by adjusting the gas outlet valve.  

                    

    Figure 1. R-201 Series Reactor System                                     Figure 2. Catatest Reactor 

 

The purpose of this process is to convert the free fatty acids to fuel range hydrocarbons. To get 

the desired hydrocarbon range, the experiment was done with 3 different reaction’s conditions which 

are summarized in table 1: 
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Table 1: Decarboxylation experiment's condition summary 

 

 

 

Figure 3. Reaction simulation layout 

 

Figure 4. Temperature simulation layout 
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The first experiment, used activated carbon as the catalyst, Nitrogen gas as the reaction’s 

environment, and it does not used any solvent to dilute the sample. The second experiment, used 

activated carbon as the catalyst, 5% Hydrogen in Argon gas as the reaction environment, and Heptane 

as solvent with a solvent to sample ratio of 4:1. The third experiment, used activated carbon as the 

catalyst, 5% Hydrogen in Argon gas as the reaction’s environment, and Heptane as solvent with solvent 

to sample ratio of 2:1. 

These experiments used volume basis ratio for the solvent. The usage of Hydrogen as the 

reaction environment in experiment 2 and 3 is to perform in situ hydrogenation which is to saturate the 

unsaturated fatty acid presence in the raw material. The solvent which is used in the experiments, is 

used to enhance the desorption of alkane that is generated on the surface of the catalyst and also to 

inhibit the formation of macromolecules. 

3. Result and Discussion  

Experiment 1. In the first experiment, the reaction takes place using activated carbon catalyst and 

Nitrogen as the reaction environment with pressure and temperature of 6.89 bars and 350°C 

respectively. After 4 hours the product of the reaction is analyzed using FTIR and GC-FID. The FTIR 

result shows a similarity to the FTIR result of the PFAD. The similarity signifies the low conversion of 

free fatty acid to straight chain hydrocarbons. The assumption is supported by the measurement of the 

free fatty acid content of the decarboxylation product, which has a value of 76.80%. The free fatty acid 

value indicated these are only 16.30% conversion compared to the free fatty acid value of the pretreated 

PFAD which has a value of 93.57 %. This low conversion rate of the decarboxylation product may be 

caused by the incompatibility of the catalyst with the reaction pressure, reaction’s environment, and the 

absence of solvent in the reaction. The low conversion is also supported with the result from the GC- 

FID result which shows a low intensity of peaks in the spectrum.  

 

Experiment 2. The second experiment, the reaction takes place using activated carbon as catalyst, 5% 

Hydrogen in Argon as the reaction environment, and heptane as the solvent with solvent to sample ratio 

of 4:1. The reaction is done with a pressure and temperature of 16 bars and 350°C respectively. After 6 

hours, the product is analyzed and shows a better result than the first experiment. The FTIR result from 

the second experiment shows no similarity to the result of the PFAD. The result shows that most of the 

carboxylic acid functional group has been converted, this assumption is supported by the FFA content 

analysis which shows a result of 58.37% conversion. The GC-FID result of the second experiment also 

shows a better result than the first experiment, it shows a higher peaks that indicated a higher 

hydrocarbons presence in the product.  

 

Experiment 3. The third experiment, which used the same reaction condition as the second experiment, 

except the solvent ratio which in this experiment is 2:1, shows the best result among the other 

experiments. The GC-FID result shows a much higher peaks than the first and second experiment, 

which indicates that the product of the third experiment has much higher hydrocarbon content than the 

others. This is also supported by the FFA content analysis, which shows a result of 77.07% conversion.  

Bio aviation fuel from PFAD is a new way to produce aviation fuel from a bio based source. 

Since PFAD is a by-product of palm oil refinery process, this study offers a way to produce aviation fuel 

that is environmental friendly. There are no previous studies that covers this study, which is producing 

bio aviation from PFAD, but if compared with other source which also used other method of 

decarboxylation process, this study shows a promising way to produce bio aviation fuel. Table 2 and 

table 3 below are the decarboxylation processes which used other source and catalyst as a comparison 

for the decarboxylation process in this study. 

When seen from the third experiment, the result of the decarboxylation process is promising 

and can go through the next processes which are, hydro-isomerization and hydrocracking process to get 

the bio aviation fuel. Several developments that can be done to improve the decarboxylation process can 

be achieve by analyzing the usage of other catalyst, solvent, or reaction’s environment and analyzing 

other reaction’s conditions for the reaction. 
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Table 2: Preparation of hydrocarbons from stearic acid over a palladium catalyst supported on 

WO3/ZrO2 (initial gage pressure, 16 atm; acid, 4 g; dodecane, 16 g; catalyst, 1 g) (Berenblyum, 

Danyushevsky, Katsman, Podoplelova, & Flid, 2010) 

 

Table 3: Reported results of catalytic decarboxylation of fatty acids over Ni-based catalysts (Wu et al., 

2016)  
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4. Conclusion  

 PFAD is a promising sustainable resource for the bio aviation fuel production, since it has a FFA 

content of 92.33%.  

 The decarboxylation process of palm fatty acid distillate is suitable to convert the fatty acid content 

in the PFAD into hydrocarbon chain.  

 The result of the decarboxylation in this study can produce bio aviation fuel by continue 

the process to the hydro-isomerization and hydrocracking processes. 
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Abstract: Molasses is mostly used as feedstock for the bioethanol production in Indonesia. 

Bioethanol industries has the potential to be more developed if the mandate of blending gasoline 

with 5% bioethanol is implemented. However, some previous studies abroad have shown that 

mostly the net energy for producing bioethanol is negative. The main purpose of this research is 

to analyze the net energy requirement if a bioethanol conversion plant from scenario of a 

bioethanol producer in East Java. Bioethanol conversion processes inside the plant are 

pre-fermentation, fermentation, evaporation, distillation and dehydration. Method which was 

used in this research are modelling and calculation made on monthly basis for plant capacity of 

30,000 KL/ year ethanol of 99.5% purity. The result shows that the total energy required to 

produce 1 L of ethanol is 4.55 MJ. The energy content of 1 L ethanol is 23.46 MJ. The largest 

energy requirement is for evaporation process (62%) followed by distillation process (33%). 

Thus, the net energy requirement for bioethanol production process is positive. 

Keywords: Molasses, bioethanol, net energy, evaporation, distillation 

1. Introduction 

Petroleum dominates the total primary energy supply in the world and the global demand of energy 

keeps increasing. It is predicted that the energy consumption for transportation increases with an annual 

average rate of 1.4% and will reach 155 quadrillion British thermal units (Btu) in 2040, from 104 

quadrillion Btu in 2012 (U.S. Energy Information Administration, 2016). Unfortunately, fossil fuels are 

non-renewable natural resources and are depleted. This has led to the importance of the substitution of 

fossil fuels from renewable sources. One of the promising replacements is bioethanol. Various 

feedstocks such as corn, sugar cane, molasses, bagasse, sorghum, and others are used in the production 

of bioethanol (Ibeto, Ofoefule, & Agbo, 2011). In Indonesia, the production of biofuels is expected to 

increase due to the Ministry of Energy and Mineral Resources Regulation No. 12 Year 2015 which 

mandates the 5% bioethanol blending by 2020. It is expected that in 2017 and 2018, Indonesia will 

produce 205 million liters of bioethanol (Wright & Rahmanulloh, 2015). 

There are concerns about the energy required in the bioethanol production processes due to the 

previous studies done by other researchers. Study done by Khatiwada and Silveira (2009) reveals that 

the production of molasses-based ethanol in Nepal has negative energy value of 13.05 MJ/L ethanol. 

The largest proportion of the energy inputs are used for corn feedstock and for the electricity and steam 

used in the fermentation/ distillation process (Pimentel & Patzek, 2008). The energy which is consumed 

during the distillation process has caused some concerns due to the low thermodynamic efficiency of 

columns (Patil, Patil, & Bhole, 2016). 

Miller and Spoolman (2004) expound net energy as the amount of high quality energy available 

from an energy source minus the amount of energy needed to make it available. Net energy analysis 

helps to enhance all views and decisions in the energy field because energy forecasting and policy 

issues are based on the measurement of energy flows related with energy supply and conservation 

technology (Leach, 1975). 
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A study at a sugar mill in Lumajang, East Java (PG Djatiroto) which was done by shows that in 

the fermentation process, urea production consumed energy of 0.01 MJ/L ethanol and the electricity 

consumption is 0.21 MJ/L (Venkata, 2013). Electricity is mostly consumed in distillation process. 

Energy analysis of the molasses-based bioethanol production is important to find out whether 

the production of bioethanol from molasses is energy efficient or not (Gallegos, Suministrado, Elauria, 

& Elauria, 2014). Furthermore, currently there are no studies available on the net energy analysis of the 

production of bioethanol from molasses in Indonesia. Hence, it is necessary to conduct research on the 

analysis of the net energy of molasses-based bioethanol production in Indonesia. 

2. Research Method 

The research framework is divided into three sections which are data collection, modelling and 

calculation. Data were collected from a molasses-based bioethanol plant located in Mojokerto, East 

Java. Data taken during the visit were about production capacity, whole processes for the conversion of 

bioethanol, equipment and sizes and also input-output in the whole processes. After collecting data, the 

next step was to develop model based on the bioethanol plant. Process flow diagram of bioethanol plant 

was developed, missing or unavailable data were completed by looking from references. The last step 

was to calculate the total energy requirements. Before calculating the total energy requirements, there 

were some data which need to be completed by means of calculation. 

Energy input is categorized into three which are steam (heat), mechanical, and pump. Cooling 

water was considered as an energy output and there was also energy loss in the form of heat loss.  

Formula used for calculating energy required for heating, cooling and heat loss is  

Q = m c ∆T (1) 

Q=m c ∆T+m λ (2) 

where mass flow rate, specific heat capacity and temperature differences were used in the 

calculation. Latent heat was used in calculation when phase transition occurred. Some temperatures 

which were unknown were assumed based on other literature and also specifications of the equipments. 

Energy required for pumping is calculated with 

 
(3) 

 
(4) 

P= Ph+Ps (5) 

Flow rate, density, gravity, and differential head were used for the calculation. In this 

calculation, differential head was assumed. 

Energy required for the use of impeller in fermentation process is calculated with 

 

(6) 

in this calculation, assumption was made for power number. Power number, agitator speed, 

impeller diameter, and density were used for calculating the power consumed by the impeller. 

3. Results and Discussions 

Primary data were taken at a molasses-based bioethanol plant in Mojokerto, East Java with capacity 

production of 30,000 KL/ year of 99.5% purity of ethanol. The bioethanol conversion plant is integrated 

with a Sugar Mill. Electricity used in the bioethanol plant is from the grid (PLN) and steam is generated 

in the sugar mill. Processes happening inside the plant are pre-fermentation, fermentation, evaporation, 

distillation, and dehydration. Modelled process flow diagram of the bioethanol production plant can be 

seen in figures below. 
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Figure 1. Modelled Process Flow Diagram 1 

 

Figure 2. Modelled Process Flow Diagram 2 

The total energy requirement per month for the whole process is shown in the table below.
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Table 1: Net Energy Requirement for whole Processes 

 

During propagation, total energy input is 524,838.50 MJ/month which mostly came from 

heating since during this process mixture was heated to be prepared before entering fermenters. There is 

also a small portion of energy input which came from the utilization of pump.  

In fermentation, the total energy input is 219,978.79 MJ/month which were from the use of 

steam (heat), impellers, and pumps. The energy input in this process is dominated by the utilization of 

heat. There is also energy loss which amounts to 499,758.97 MJ/month which was from the loss of heat 

happening when the mixture is being transferred from propagation tank into fermenters. 

The total energy input for evaporation process is 9,321,856.48 MJ/month which is relatively 

high. Most of the energy input is in the form of heat which was used for the operation of heat 

exchangers. There is also condensate as an energy output amounting to -662,236.42 MJ/month which is 

assumed to be reuse as heating fluid for heat exchangers. 

In distillation process, the total energy input is 4,966,727.24 MJ/month which mainly came 

from the use of steam (heat) in the distillation column. There is also an energy output of 

-1,205,976.00MJ/month from the utilization of cooling water to cool down distillate. Cooling water is 

then recovered to be reused in the cooling tower. 

In the last process, dehydration, the total energy input is 95,109.16 MJ/month with the largest 

coming from pumps which is around 91,316.16 MJ/month. Energy requirement for pumps is relatively 

high in this process because the output flowrate is quite high. There is also total energy output of 

-2,285,223.30 MJ/month which comes from the utilization of condenser. In this process, the condensate 

is assumed to be recovered and utilized as hot water for fermenters and the remaining is used for 

cleaning equipment. 

Net energy requirement to produce 2,520,000 L of ethanol is 11,474,833.42 MJ while the 

energy content of the produced ethanol is 59,130,000 MJ. Therefore, the total energy required to 

produce 1L of ethanol is positive 4.55 MJ with an energy ratio of 19.41%. From Table 1 above, the total 

energy input for whole processes is 11,474,833.42 MJ/month. There is also energy output with the total 

of 4,153,435.72 MJ/month and energy losses of 499,748.97 MJ/month. Process with highest energy 

requirement is evaporation amounting to 9,321,856.48 MJ/month (62% from the total energy inputs). 

The second highly energy-intensive process is distillation (33%) with total energy input which amounts 

to 4,966,727.24 MJ/month. 

Table 2: Total Energy Inputs, Outputs and Losses 

 

The energy input is dominated by the utilization of steam (99%). Remaining inputs are from 

pumps for around 1% followed by mechanical (impeller) for 0%. Despite the amounts of pumps used in 
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the bioethanol plant which is around 24 pumps, pumps only contribute for very small percentage to the 

whole energy inputs. 

Study done by Cheroennet and Suwanmanee (2017) in Thailand for corn ethanol production 

shows energy input needed to produce 1L of ethanol is 15.24 MJ. This result is higher than the result 

from this study because the scope of the study done in Thailand is started from corn plantation until the 

utilization of the ethanol while the boundary of this study is only bioethanol conversion processes. 

Other study done by Nguyen et al. (2008) in Thailand reports that the net energy required is 

26.85 MJ/L ethanol which is also higher than this study. As a matter of fact, the study in Thailand 

includes sugar cane farming, sugar milling, transportation and ethanol conversion phase which led to 

higher energy requirement. Meanwhile, the scope of this study is focusing only on the conversion 

processes of bioethanol since molasses which is used as feedstock is a by-product of a sugar mills. 

Another study done by Khatiwada and Silveira (2009) for the production of molasses ethanol in 

Nepal reveals that the total net energy requirement is 34.26 MJ/L ethanol which is much higher than the 

result from this study. The result from Nepal is higher because the scope of the study includes sugar 

cane farming (chemicals, irrigation, human labor), transportation, sugar cane milling and bioethanol 

conversion. The largest energy requirement in Nepal case study is for distillation process. The result is 

different from this study because the production capacity in Nepal is much higher (30 m3/ day), there is 

also a rectification in the distillation process while the distillation process in this study does not have 

rectification. In addition, bioethanol conversion phase in Nepal consists of fermentation, distillation and 

dehydration without having evaporation process. 

4. Conclusion 

To conclude, the net energy requirement for the whole process of bioethanol conversion in a 

molasses-based bioethanol industry with capacity of 2,520,000 L/month is relatively small (19.41%) 

compared to the energy content of the bioethanol itself. Total energy required to produce 1 L of ethanol 

is 4.55 MJ. Thus, the net energy requirement for bioethanol conversion processes is positive. 

Additionally, the most energy-intensive process is evaporation dominating with 62% of the total energy 

inputs. Followed by distillation as the second highest energy-intensive process amounting to 33% of the 

total energy required. 
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Abstract: Dye-sensitized solar cells (DSSCs) were developed as low-cost and environmentally 

friendly alternatives to other types of solar cells. However, due to efficiency and stability 

shortcomings, and also because of the cost reductions in crystalline Si cells, DSSCs are not yet 

commercially successful. Several parameters have to be improved, one of which is the cost that 

should be reduced further. There are two ideas to achieve this: the platinum electrode can be 

substituted by a cheaper carbon electrode, and the sandwich structure of the cells, with two glass 

substrates with a transparent conducting oxide (TCO) layer on them, can be changed to a 

monolithic structure, in which only one TCO-coated glass substrate is used. In the present 

project the performance of such monolithic cells with carbon counter-electrode is compared to 

the performance of cells with sandwich structure that are otherwise identically constructed. The 

performance assessment was done by means of an I-V curve measurement. The main result is 

that monolithic cells have a lower efficiency. The data indicate that the internal serial resistance 

of the monolithic cells was higher than in the sandwich cells. In a further step, three monolithic 

cells were interconnected in series in a submodule, and the performance of this submodule was 

assessed. The result indicates that the serial resistance of the three cells that were interconnected 

in the submodule, including the contacts, was lower than three times the serial resistance of the 

individual cells including the contacts. This shows that there is a potential for a more efficient 

usage of monolithic cells by means of a module design that allows for lower resistances in the 

interconnection of the cells within the module as well as in the module contacts. This should be 

pursued in further research, as well as the reduction of the internal resistance of the monolithic 

cells. 

Keywords: carbon counter-electrode, dye-sensitized solar cell, module, monolithic, scale-up. 

1. Introduction 

Solar energy as the largest source of renewable energy comes in the form of sunlight that is radiated by 

the sun. The energy of the sun that is irradiated across the earth ranges from 800 to 2600 kWh/m2 per 

year, as it is depicted in Figure 1. In principle, if solar energy is utilized on a large scale, the energy 

problems can be solved worldwide. 

The energy of the sun can be harnessed by using photovoltaic (PV) technology. Since the 

photovoltaic effect was discovered, the PV technology has been developed to make power cleaner, 

more environmentally friendly, and more reliable compared to fossil resource based energy (Chodos, 

2009). The first generation of PV technology was dominated by crystalline silicon solar cells. This was 

followed by thin film solar cells as the second generation. These kinds of solar cell have several 

drawbacks, such as the high cost to purify the required silicon material for silicon-based solar cell, the 

fact that some of the thin film solar cells contain elements that are toxic, and the scarcity of some of the 

materials for thin film solar cells (Chung et al., 2012). To overcome the disadvantages of the former 

generations of solar cells, a low-cost and environmentally friendly dye-sensitized solar cell (DSSC) was 
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invented by Michael Grätzel. These cells absorb radiation by means of a dye in a similar way as 

chlorophyll absorbs light in plants (Grätzel, 2003). Another advantage of a DSSC, aside its lower 

manufacturing costs compared to silicon and thin film solar cell, is that it also can work under low 

irradiance condition such as indirect sunlight for instance under overcast conditions (Mubarak, 2018). 

DSSCs are shown to be promising low cost solar cells based on organic materials with moderate 

efficiency. They are inexpensive to prepare and moreover, they can be easily manufactured as they are 

able to be fabricated on lightweight flexible substrates (Muliani et al., 2013). 

 

 

Figure 1. Global insolation map, showing the amount of solar energy received daily and annually 

on a horizontal surface on the world. (Solargis.com) 

A DSSC consists of a TiO2 semiconductor layer as the photoelectrode that is bonded with dye 

molecules. The bottom section consists of a counter-electrode that is usually made of platinum material. 

The general structure of a DSSC is depicted in Figure 2. Typical DSSCs in sandwich configuration 

consist of two glass substrates that are coated with transparent conducting oxide (TCO). One of the 

substrates represents the photoelectrode and the other represents the counter-electrode. 

In order to make DSSCs, which have lower efficiencies than former generations of solar cells, 

competitive, further manufacturing cost reductions are needed. Since the TCO-coated glass contribute 

to at least 60% of DSSC material cost, therefore, a new configuration for DSSCs is developed: the 

monolithic configuration that uses only one TCO-coated glass substrate instead of two. The separation 

between the electrodes is done by removing some of the conducting layer and adding a spacer layer that 

is made of ZrO2 (Nursam et al., 2017). Recent researches also showed that sandwich DSSC performed 

better than monolithic DSSC is caused by the charge transfer between the platinum, as 

counter-electrode material, and the electrolyte was ineffective in monolithic configuration due to 

platinum material characteristic that is not suitable for monolithic DSSC manufacturing method. In that 

research carbon proved to have better performance than platinum as counter-electrode in monolithic 

configuration (Nursam et al., 2017). Our objectives in this research are, first, to analyze the 

performance of monolithic DSSCs with carbon counter-electrode and to compare it to the performance 

of sandwich DSSCs with carbon counter-electrode, and, second, to analyze the performance of a DSSC 

submodule that consists of three cells in monolithic configuration. 

 

Figure 2. Structure of DSSC with sandwich configuration (left) and monolithic configuration 

(right). 
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2. Research Method 

This project consists of manufacturing and characterization processes. First of all, the carbon paste for 

the counter-electrode material was synthesized using the best composition from previous researches 

that consists of graphite (0,5g) + activated carbon (2g) + TiO2 P 25 (0,25 g) + terpineol (4,25 g) + 

cellulose (0,3 g) (Arif, 2018). After that, the sandwich DSSCs, monolithic DSSCs and submodules were 

identically constructed on glass substrates that were coated with fluorine tin oxide (FTO) as the TCO 

layer, with a TiO2 layer as photoelectrode and a carbon layer as counter-electrode. The layers were 

deposited on the substrates using the screen-printing method. In the case of the monolithic 

configuration, whose electrodes are both on one substrate with an additional ZrO2 layer as spacer in the 

middle (Nursam et al., 2017), the cell was encapsulated in silicone gel. Five samples for both 

monolithic and sandwich DSSCs were made with an active area of 0.25 cm2 each. Additionally, two 

samples of monolithic submodules were made. The active area of one cell in the submodule was 3.44 

cm2 so that the total active area of the submodule was 10.32 cm2. The performance characterization 

consists of a current-voltage (I-V) characteristics measurement. 

3. Results and Discussion 

The I-V measurement characterization resulted in the I-V curve and the average performance 

parameters for the monolithic and sandwich cells that are shown in Figure 3 and Table 1. 

 

Figure 3. I-V curve for monolithic and sandwich DSSC. 

From this measurement the following performance parameters can be derived: short-circuit 

current, open-circuit voltage, serial resistance, maximum power, fill factor, and light-to-current 

efficiency (Table 1). 

Table 1: I-V characteristic comparison between monolithic and sandwich DSSC (maximum power, 

efficiency, short-circuit current, open-circuit voltage, fill factor, and serial resistance). 

Average Pmax (mW) Eff (%) Isc (mA) Voc (V) FF Rs (Ω) 

Sandwich 0.31 2.50 1.03 0.62 0.49 208.40 

Monolithic 0.17 1.46 0.99 0.59 0.30 500.74 

Quite a big difference can be seen in the fill factor. For the monolithic DSSC it is 0.30, while for 

the sandwich DSSC it is 0.49. Additionally, the short-circuit current is a bit lower for the monolithic 

cells, i.e. 0.99 mA compared to 1.03 mA for the sandwich cells. These differences result in an efficiency 

difference. The maximum power of the monolithic cells is 0.17 mW, while the maximum power of the 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

28 

 

sandwich cells is 0.31 mW, and the efficiency of the monolithic cells is 1.46%, while it is 2.50% for the 

sandwich cells. The two cell configurations have a similar open-circuit voltage of around 0.6 V.  

The difference of the fill factor between monolithic and sandwich DSSC is caused mainly by 

the difference on the serial resistance of monolithic DSSC of 500 Ω, which is more than twice as high as 

the serial resistance of sandwich DSSC of 208 Ω. The high level of serial resistance of monolithic 

DSSCs is caused by their material structure that consists of solids, especially ZrO2 with a high 

resistance, while sandwich DSSCs consist of two electrodes with only liquid electrolytes between the 

two electrodes.  

The I-V curve result on this research on monolithic and sandwich cell with carbon 

counter-electrode also proved that carbon is a better counter-electrode material for monolithic DSSC 

compared to previous research on platinum counter-electrode in sandwich and monolithic cell. The FF 

and internal resistance (Rs) difference between sandwich and monolithic cell with carbon 

counter-electrode is lower compared to the cells with platinum counter-electrode, because in monolithic 

DSSC, the porosity factor of the counter-electrode material affected the infiltration of the dye before the 

dye sensitized the photoelectrode (Hagfeldt et al., 2010; Nursam et al., 2017). 

From the five samples of each monolithic and sandwich DSSC, the monolithic DSSCs have a 

higher consistency in the manufacturing process that requires only encapsulation instead of assembly. 

Therefore, the number of two submodule samples with three monolithic cells connected in series in 

each submodule is sufficient for the research. The I-V curve and the performance parameters of the 

submodules are shown in Figure 4 and Table 2. 

Table 2: I-V characteristics comparison between monolithic DSSC and submodule. (maximum power, 

efficiency, short-circuit current density, open-circuit voltage, fill factor, and serial resistance). 

Average Pmax (mW) Eff (%) Jsc (mA/cm2) Voc (V) FF Rs (Ω) 
Submodule 5.90 1.14 3.53 1.68 0.29 121.98 

Avg. of submodule cells 1.32 0.77 2.50 0.56 0.27 60.15 

 

Figure 4. I-V curves of monolithic submodule and the cells. 

Both the submodule and the monolithic cells have a similar I-V curve shape and fill factor of 

around 0.27-0.29. According to the serial connection of the three cells in the submodule, the 

open-circuit voltage of the submodule is three times the open-circuit voltage of the cells. The measured 

short-circuit current density of the submodule is higher than the short-circuit current density of the 

individual cells in the submodule, 3.53 mA/cm2 versus 2.5 mA/cm2. The efficiency is higher for the 

submodule: 1.14% versus 0.77% for the cells. The higher efficiency of the submodule compared to the 

efficiency of the individual cells in the submodule corresponds to a lower serial resistance. The serial 

resistance of the submodule, including the contacts was 121 Ω, which is three times lower than the serial 
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resistance of the individual cells (60 Ω). This shows that there is a potential for a more efficient usage of 

monolithic cells by means of a module design that allows for lower resistances in the interconnection of 

the cells within the module as well as in the module contacts. This should be pursued in further research, 

as well as the reduction of the internal resistance of the monolithic cells. 

4. Conclusions 

Monolithic DSSCs with carbon-based counter-electrode were successfully manufactured. However, 

they had a high internal serial resistance due to the configuration that consisted of solid materials with a 

higher resistivity. Due to the higher serial resistance of monolithic DSSCs compared to sandwich 

DSSCs, monolithic DSSCs had a lower electrical performance compared to sandwich DSSCs. The fill 

factor was lower as well as the short-circuit current and, hence, the efficiency. The increase in the 

short-circuit current density and maximum power on the scaled-up monolitihic submodule shows some 

potential for further improving the performance. More studies about the combination of cells in larger 

units can be useful in order to evaluate possible performance improvements. 
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Abstract: High shares of power from renewable resources in large power supply grids do not 

imply insurmountable technical problem anymore. A question is rather whether, besides the 

technical feasibility, it is also economically viable to go for a high share of power from sun, 

wind, water, geothermal resources and biomass. This paper scrutinizes the costs of a 

renewable-energy based power supply in the Java-Bali grid, by far the largest grid in Indonesia. 

The study refers to a challenging power supply scenario in which 100% of the power in the 

Java-Bali grid comes from renewable resources. This scenario is expressed in a one-year 

modeling of the load and the respective power supply in the grid. The modeling identifies 

possible sets of installed capacities of the different power plant types and storage systems that 

allow the supply of the required electricity. A cost scenario is applied to these sets, which 

renders the system costs, and finally the power generation costs. All scenarios refer to the year 

2050. The results show that, assuming moderate financing costs, the cost of the electricity 

generation in the possible supply systems would not be higher than that in currently existing 

systems in developed countries; and it would even not be far away from the power generation 

cost in the current Java-Bali grid. A secondary result of the study is that the usage of special 

long-term storage systems for the balancing of seasonal power supply fluctuations, additionally 

to pumped storages and batteries, is not economically necessary in the considered grid.  

Keywords: renewable energy, cost scenario, cost optimization, Java-Bali grid  

1. Introduction 

The generation of power from sun, wind, water, geothermal heat and biomass has obvious advantages 

over the generation of electricity from coal, petrol, other fossil resources, and uranium: The first group 

consists of renewable resources, while the latter group contains limited non-recoverable resources the 

excessive usage of which implies their depletion. Additionally, the usage of the resources in the first 

group has, if done properly, verly limited environmental effects, while the usage of the resources in the 

second group generally comes along with negative and in some cases potentially very dangerous 

environmental effects. Furthermore, any country or region possesses some of the resources in the first 

group. This is not the case for the resources in the second group; if countries and other geoeconomic 

units base their power supply on them, then their energy supply may depend on importing these 

resources, which may compromise foreign trade balances and create political dependencies.  

There are, hence, obvious reasons to increasingly make use of renewable energy resources, and 

consequently there is a worldwide tendency to increase the share of renewable energy resources and to 

decrease the dependency especially on fossil fuels. This tendency refers to all types of usable energy, 

but it is especially notorious for electrical energy. However, as electrical energy is a commodity, in fact 

a very important and fundamental one, the economic implications of the specific design of a power 

supply system, in particular the power generation cost, must be a central concern. In some grids, the 

usage of some types of renewable resources has been cost competitive for a long time. This holds 

especially for hydropower wherever large rivers are available. In other grids this was not the case. 

However, the cost development of some renewable energy technologies is very dynamic. In particular 

solar energy and wind energy technologies have seen enormous cost reductions in the last decades, 

which opens more and more opportunities of their economically competitive application.  
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The changing economic conditions not only in the sense of reduced renewable energy 

technology costs, but also in the sense of varying - and in the long run increasing - fossil fuel costs, 

require a continued economic reconsideration of the competitiveness of the different renewable-energy 

based power supply solutions. Additionally, the economic evaluation has to be done for any specific 

given grid individually. The results concerning one grid cannot be applied to other grids with their own 

economic and geographical conditions. The applicability and economic competitiveness of renewable 

energy technologies depend on the given natural conditions, the access to the technology markets, 

financing conditions, the access to fossil resources and the cost of them, and other conditions that are 

specific to the particular grid area.  

The present study refers to the by far largest grid in Indonesia, the Java-Bali grid. This grid 

comprises about three fourth of the national power consumption. The renewable energy share, basically 

from hydropower and geothermal power, does currently not even reach 10%. The present paper is based 

on a scenario published in Günther et al. (2018), in which different options of a future 100% renewable 

energy supply in the Java-Bali grid are studied. This scenario is combined with a cost scenario for the 

involved power supply technologies, which allows the calculation of the system cost and the related 

power generation cost. As the power supply scenario contains some open parameters, a determination 

of the economically optimal supply system configurations must be included. 

2. 100% renewable energy scenario 

The 100% renewable energy scenario in Günther et al. (2018)  refers to the year 2050. A consumption 

of 640 TWh is assumed, compared to a demand of about 152 TWh in 2015 (PLN, 2017). The scenario 

assumes that 90% of the power is delivered by photovoltaics (PV), 6% from geothermal power plants, 

3% by hydropower plants and 1% by biopower plants. The numbers result from an estimation of 

possible future installed capacities of geothermal and hydropower plants, and a conservative estimation 

of the power potential from agricultural waste. PV is dimensioned such that it covers the load that is not 

yet covered by the other power plants. The installed PV capacity is an open parameter because it does 

not only depend on the remaining load it has to cover, but also on the installed storage capacities: 

Smaller installed storage capacities require larger PV capacities, and larger storage systems allow for a 

lower installed PV capacity.  

Three system logics are distinguished in the mentioned text (system logics I, II and III). All 

logics have the following in common: geothermal power is permanently delivered; solar power is 

supplied whenever it is available, and it is stored when available in excess; hydropower is used for peak 

load shaving. The difference between logics I and II on the one hand and logic III on the other hand is 

that the latter contains a synthetic gas (methane) storage system (storage II), additionally to the storage 

system consisting of pumped storages and batteries (storage I) that is included in all three system logics. 

The difference between logics I and II is that bioenergy is used for seasonal balancing in logic II, while 

it is used for peak load shaving in logic I. 

The inclusion of a second storage system in system logic III follows the idea of the distinction 

between short-term and long-term storages. This distinction between short-term and long-term storages 

is reasonable in the following sense: A complete storage cycle consists basically of three stages: storage 

charging, keeping the energy in the storage, and storage discharging. Each of these stages is associated 

with costs. These costs come from the technical installations that are needed and also from energy 

losses that may happen in any of these three stages. There is no perfect universal storage system that has 

minimum costs for all three stages of the storing cycle. There are storages, for instance, the capacity of 

which is not expensive such that large amounts of energy can be stored without running into high costs. 

If additionally the self-discharge rate is very low, these storages are appropriate for long-term storing of 

large amounts of energy. There are other storage systems that have high capacity costs but lower 

charging and discharging costs. These storage systems are appropriate for short-term storing. The high 

capacity cost can be easier accepted if there is a high energy throughput through the capacity during its 

lifetime. If the storage is frequently used, the high cost is distributed among a large amount of energy 

that flows through the storage.   

Battery storage capacities are quite expensive; charging and discharging processes however are 

not expensive at all (not much additional equipment is needed, and there are no high charging and 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

32 

 

discharging energy losses). Batteries are, hence, convenient short-term storage systems the high 

capacity costs of which can be more easily justified if it is used frequently during its lifetime. The same 

holds for pumped storages. The storage capacity is expensive, but the additional cost for charging and 

discharging is not high with long-lasting not too costly pumps and turbines and low charging and 

discharging energy losses. Pumped storages are, hence, also appropriate short-term storage systems the 

high capacity cost of which can be borne if a high energy throughput is achieved during their lifetime. 

On the other hand, a synthetic gas storage is a typical long-term storage. The storage capacity 

itself is inexpensive. Large amounts of gas can be stored in cheap storage spaces. The charging and 

discharging processes however are costly. First, the additional infrastructure is expensive. Second, the 

energy losses are high. It is hence most probably no favourable option for a regular usage for frequent 

power supply balancing, for instance, for day-night balancing. The losses are high, at frequent charging 

and discharging these losses sum up to large amounts of lost energy. This type of storage is more 

appropriate for low-frequency usage, for rather exceptional deficit situations. For a rare usage, batteries 

and pumped storages are not appropriate due to their high capacity costs that can be justified only if the 

capacities are regularly used. 

Renewable power supply is in many cases characterized by a twofold pattern of power supply 

fluctuation. First, if the solar power share is sufficiently large there is the daily rhythm of day power 

excess and night deficit. Second, if there are sufficiently large seasonal fluctuations in any type of the 

renewable energy resources - varying insolation, wind speeds, river runoff or biomass supply - there can 

be corresponding seasonal power supply fluctuations. Both types of fluctuation, the high-frequency 

day-night fluctuation, and the low-frequency seasonal fluctuation may require appropriate storage 

systems that shift energy from excess periods to deficit periods, daily balancing and seasonal balancing. 

Due to the very different time structure of this possible twofold balancing need the combination of an 

appropriate short-term storage system and a different appropriate long-term storage may be necessary. 

In the case of the Java-Bali grid the daily balancing is essential because of the given high 

dependence on solar power. The necessity of seasonal balancing is less obvious. Due to Indonesia’s 

location around the equator yearly weather cycles are not as clearly marked as in countries that are 

located at higher latitudes. Nevertheless there are fluctuations in solar radiation due to the change 

between dry and rainy season. In Java, the driest month has about 40% more irradiation than the rainiest 

month. There are furthermore quite opposite fluctuations in the river runoff. But, as solar power is by far 

the most important component in the power mix, the total power generation is larger in the dry season 

and consequently there is a need to shift energy from the dry season to the rainy season.  

However, taking a synthetic methane storage as long-term storage option, it is not clear at all 

whether such a storage is really economically favourable. On the one hand the inclusion of storage II 

reduces the necessary storage I capacity. But on the other hand, the installation of storage II also comes 

along with high costs. Additionally the usage of the gas storage requires a larger PV capacity because 

the cycle efficiency is lower; much power gets lost when it is stored in the gas storage and released from 

it. More power has to be generated if a gas storage is used. A tradeoff has to be made, hence, between 

the installed capacities of storage I, storage II, and PV. The definition of sets of these three system 

components that are necessary and sufficient to supply the needed power (together with the 

non-variable system components) is one of the main results in Günther et al. (2018). It is represented in 

figure 1. The installed storage I capacity is shown on the abscissa, the installed PV capacity on the 

ordinate, and storage II size is a discrete parameter. Observe that the storage II size is represented as the 

charging capacity, while the storage I size is represented as the storage capacity (i.e. the energy content 

of the full storage system). The reason for this difference is the following: For storage I, the maximum 

charging and discharging powers are considered to be strictly related to the capacity, so that a 

quantification of the charging and discharging powers besides the storage capacity is not necessary. For 

storage II there is no such interrelation. As mentioned above, the costs of the storage II capacity are low 

and can even be neglected compared to the costs of the charging and discharging infrastructure. The 

storage II capacity is therefore taken to be unlimited. The charging infrastructure, electrolyzers and 

methanation units, is costly and therefore taken as the size parameter. 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

33 

 

 

Figure 1. Necessary and sufficient installed PV, storage I and, if applies, storage II capacities for 

the different system logics. 

The scenario in Günther et al. 2018 defines hence, besides a set of fixed installed capacities for 

geothermal power plants, hydropower plants and biopower plants, a three-dimensional space of 

possible combinations of PV, storage I, and storage II capacities. The economic evaluation of the 

scenario, therefore, requires the identification of the economic optimum point within this space.  

Concerning the storage I capacity, a capacity of 100 GWh is assumed for pumped storages. 

Currently (2018) a pumped storage capacity of 20 GWh is planned or under construction (PLN, 2017). 

The remaining storage I capacity is assumed to be covered by batteries.  

As already mentioned, we do not take the gas storage as limiting factor for the storage II 

capacity, but rather the charging capacity. Charging happens in two steps: electrolysis of water into 

hydrogen and oxygen, and methanation of hydrogen and carbon dioxide into methane in the Sabatier 

process. We assume that the two process steps are arranged such that no large hydrogen storages are 

needed. Contrary to methane storages, hydrogen storages are quite expensive. It is more economic to 

adapt the installed capacity of methanation units to the installed capacity of electrolyzers and to abstain 

from the installation of hydrogen storages than to reduce the capacity of methanation units at the 

expense of the installation of hydrogen storages. Consequently, the size of the storage II system is fully 

characterized by the capacity of the electrolyzers. 

The methane is used in combined-cycle power plants. The capacity of these power plants is 

considered to be such that it is sufficient to deliver the power whenever it is necessary. Their capacity is 

hence a function of the whole system design. Due to the fact that peak shaving is done with hydropower 

and biopower these power plants do not need to cover high peaks. Their operational profile is rather flat 

and does not need large capactities. 

For the PV system we assume a conservative rooftop capacity of 60 GW, which is equivalent to 

a roof area of 2 m2 per person (in a study about Germany a usable roof area of 12 m2 per person was 

estimated (Lödl et al., 2010)). 

Table 1 shows the installed capacities of the components with fixed installed capacities and it 

mentiones the components the installed capacities of which are either an independent or a dependent 

open parameter. 
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Table 1: Installed capacities. 

Component Capacity [GW, *GWh] 

Geothermal power plants 5.5 

Hydropower plants 5.8 

Biopower plants 4 

PV rooftop 60 

Pumped storages 100* 

PV ground-mounted independent open parameter 

Batteries independent open parameter 

Electrolyzers  independent open parameter 

Methanation units  open parameter, depending on electrolyzer capacity 

Methane storage open parameter, depending on system design 

Combined cycle power plants open parameter, depending on system design 

3. Methodological considerations 

The economic evaluation refers only to the power generation. The study does not cover transmission 

and distribution. The economic parameters are the annual generation system cost and the related power 

generation cost.  

We assume a static system, which means two things: First, the study is not about the phase of 

transition from one type of system to another, the renewable-energy based system is rather taken to be 

already installed and running. Second, all system components exist in an age continuum in the system 

such that every year the same share of the installed capacity of a component has to be renewed or 

modernized. For instance, if the lifetime of PV systems is taken to be 25 then 4% of the installed 

capacity is renewed every year. The approach of assuming a constant system has the advantage of 

constant annual costs. Every year is exactly the same in terms of operation, maintenance, renovation 

and modernization costs, as well as in terms of power generation. This simplifies the calculation 

considerably. 

We will distinguish between what we call the annual system running costs and the total annual 

system costs. The running costs are the sum of the operation and maintenance costs, and the component 

renovation and modernization costs. The total costs include additionally the capital costs. The power 

generation cost is the annual total generation system cost with respect to the annually generated power.  

A major challenge is the estimation of the future cost of the system components and their 

lifetime. As the year 2050 is considered, cost and lifetime assumptions are more or less vague, at least 

for some of the system components. There are mature technologies the costs of which can be assumed to 

be constant. This holds for instance for combined-cycle power plants and hydropower plants. Other 

technologies underlie a dynamic cost development, and the estimation of their future costs cannot be but 

vague. For components that are particularly critical for the system cost calculation in the double sense 

that they imply a high share of system cost and that the estimation of their future costs is vague, a 

sensitivity analysis of the system cost with respect to the cost of that component is interesting. We will 

include a sensitivity analysis for the battery cost. 

4. Economical assumptions 

Table 2 shows the economical assumptions concerning the system components. It contains assumptions 

about the costs of the investments and modernizations as well as the operation and maintenance costs, 

and it includes assumptions about the component lifetime. The cost estimations are for 2050. The 
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monetary unit is €2018. The references that are taken into account for the cost estimations are shown in the 

respective line in the table.  

Table 2: Component assumptions for 2050. 

Component Cost 

[€/kW], 

*[€/kWh] 

Lifetime, 

*modernization 

[a] 

O&M 

[€/(kWa), 

*€/(kWha)] 

PV ground-mounted 

(Fraunhofer ISE, 2015) 

System without 

inverter 
275 25 10 

Inverter  25 15 

PV rooftop 

(Fraunhofer ISE, 2015) 

System without 

inverter  
350 25 12 

Inverter  25 15 

Pumped storage 

(IRENA, 2015, Conrad, 2014) 

Investment 510* 40* 10.2* 

Modernization  75* 

Battery (Agora Energiewende, 

2014) 
(25% higher than 

nameplate capacity 

due to aging) 

125* 12 2.5* 

Electrolyzer (Albrecht et. al. 

2013) 

 700 30 28 

Methanation unit (Albrecht et al. 

2013) 

 550 25 11 

Combined cycle power plant 

(Agentur für Erneuerbare 

Energien, 2012, Hartmann, 

2014) 

Power plant 750 30 17 

CO2 recovery 450 30 20 

Hydropower plant (IRENA, 

2012a) 
Investment  2000 40* 40 

Modernization  270 

Geothermal power plant 

(IRENA, 2015) 
Investment  4000 30* 80 

Modernization  500 

Biopower plant (IRENA, 2012b)  2000 20 120 

Not all the individual cost assumptions can be discussed here, but it is worth to call the attention 

to the battery cost, which is particularly crucial for the system cost calculation. Battery prices have 

dropped rapidly in the last decade, especially due to the development efforts in e-mobility. Currently 

(2018), the cost amounts to about 300 €/kWh. In a mid-term perspective, manufacturers and market 

observers expect further strong price reductions (Agora Energiewende, 2014). In the present study we 

assume battery costs of 100 €/kWh for the year 2050. However, as the battery cost is so decisive for the 

economic evaluation of the scenario, we will add a corresponding sensitivity analysis below. 

5. Annual system running cost 

The annual system running costs come from the permanent renovation and modernization of system 

components and from operation and maintenance. The calculation of the system running costs is based 

on the system configuration represented in table 1 and in figure 1, and on the assumptions shown in 

table 2.  
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A comparison of systems I and II should show that system II as lower costs because the 

seasonal balancing function of bioenergy reduces the demand both for storage capacity and PV 

capacity. The cost difference is represented in figure 2. 

 

 

Figure 2. Annual system running costs for systems I and II in dependence on the storage 

capacity. 

The minimum annual costs of system I are around 29 bn €, while the minimum costs of system 

II are around 26.5 bn € per year. That means, the allocation of the available bioenergy for seasonal 

balancing reduces the annual costs by 2.5 bn €. The minimum cost for system II is achieved at an 

installed storage I capacity of 1030 GWh and, according to figure 1, at an installed PV capacity of about 

485 GW. If the storage gets smaller, the cost increase due to a larger PV capacity exceeds the storage 

cost reduction; and if the storage gets larger, the possible PV capacity decrease is not sufficient to 

compensate the increased storage cost. As system II is clearly more economic than system I, the latter is 

no considered anymore in the following. 

For the comparison of system II and system III, the additional parameter of the storage II 

parameter, specified in terms of the electrolyzer capacity, has to be taken into account. Figure 3 shows 

the annual running cost of system III in dependence on the storage I capacity and the electrolyzer 

capacity. 

 

Figure 3. Annual system running costs for system III in dependence on storage I capacity and 

electrolyzer capacity. 

As figure 3 shows, the minimum costs of system III are in the same range as the minimum costs 

in system II if storage II is small. That means that under the given cost assumption, in particular under 

the given battery cost scenario, the integration of gas storages does not provide any economic benefit 

compared to the exclusive usage of pumped storages and batteries. For instance, if a storage II system 
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with a charging capacity of 5 GW is integrated into the supply system, the necessary storage I capacity 

is reduced by around 80 GWh. But the saved costs due to the smaller battery system just compensate for 

the storage II costs that have to be added. A larger gas storage system even increases the system costs 

and is therefore neither necessary nor recommendable.  

Figure 4 shows the breakdown of the system costs for system II and III, i.e. for the system 

without gas storage and for the system with gas storage with different capacities. The cost breakdown 

considers four cost items: PV, storage I, storage II, and non-variable costs. The non-variable costs refer 

to the sytem components with a fixed capacity, i.e. geothermal power plants, hydropower plants, and 

biopower plants. 

 

Figure 4. Breakdown of the annual system running costs for the supply system without and with 

storage II with different charging capacities. 

The assumed battery costs of 100 €/kWh are such that an additional storage II investment is not 

economically advantageous. Only higher battery costs imply that it is economically favourable to 

integrate a gas storage into the system. Indeed, just slightly above a battery cost of 100 €/kWh the 

integration of gas storages allow for lower system running costs. The cost difference starts to be 

noticable at a battery cost of around 200 €/kWh, where the difference amounts to about 4%. The higher 

the battery cost is, the larger is the economic benefit of such an additional gas storage, which is 

illustrated in the diagram in figure 5. With increasing battery costs the abolute and relative cost 

difference increases in favour of the system design with a gas storage. 

 

Figure 5. Annual minimum system running costs for a sytem with and without storage II. 

Each point on the curves in figure 5 corresponds to a specific optimum system configuration, 

i.e. the system component sizes of the variable system components (PV, storage I, storage II) vary from 

point to point on the shown curves. In particular, storage II should be larger the higher the battery cost 

gets. Figure 6 shows the optimum electrolzyer capacity for the different battery cost levels, i.e. the 

electrolyzer capacities, for which the system running costs are minimal. 

 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

38 

 

 

Figure 6. Electrolyzer capacity at the economic optimum in dependence on the battery cost. 

6. Total annual system cost and power generation cost 

The costs discussed in chapter 5 do not represent yet the complete system cost. One cost component is 

still left out: the capital cost. The fact that the system binds financial resources that require some return 

is still neglected. The advantage of leaving the capital costs out is to reduce the speculative character of 

the calculation. The drawback is that an error is accepted because most probably a return on the 

investment will be required. However, the problem is that it is impossible to know how big this error is 

because it is impossible to have a reliable idea about the financing conditions in the year 2050. 

Financing conditions vary and are literally unpredictable for the timeframe we consider. What makes 

things worse, interest rates can vary for different system components because different risk premiums 

may have to be paid. 

Even if it is impossible to acquire a reliable idea about future financing costs, it may be a useful 

way to take them into consideration in an exemplary way. However, the chosen example should at least 

be realistic from the current point of view. For the exemplary calculation of the financing costs we 

assume a unique interest rate of 4% that is applied to the capital bound in all system components. 4% 

sounds low compared to current interest rates in Indonesia. On the other hand it is not low in Europe 

where current (2018) interest rate levels generally are historically low. The chosen interest rate is a 

reasonable assumption considering current interest rates and rates in the last decades.  

With this interest rate and the addition of the financing costs, a minimum total annual system 

cost of aound 41 bn € is calculated. The 26.5 bn € running cost is complemented with 14.5 bn € 

financing cost. Figure 7 shows the breakdown of the costs for the difference system configurations. 

 

Figure 7. Power generation cost for system with and without storage II for a battery cost of 100 

€/kWh. 
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Again, the inclusion of a gas storage infrastructure reduces the costs again if the battery cost is 

higher than 100 €/kWh. However, the cost must be quite considerably higher in order to allow for a 

noticable system cost decrease. Even at a battery cost of 200 €/kWh the system cost decrease amounts 

only to 3%. For a battery cost of 300 €/kWh the system cost savings are already 10% (figure 8). Only if 

the battery cost is high, the investment in an additional gas storage infrastructure, which binds quite a 

high amount of financial resources, makes sense. 

 

Figure 7. Total annual system cost of the system with and without gas storage. 

For comparison to figure 6, figure 8 shows the cost breakdown for a battery cost of 300 €/kWh. 

At this cost, which corresonds to the current (2018) cost level, the breakdown shows an optimum at a 

medium size gas storage system with an electrolyzer capacity in the range of 25 to 50 GW.  

 

Figure 9. Power generation cost for system with and without storage II for a battery cost of 300 

€/kWh. 

Figure 8 shows the contribution of the different cost blocks to the total system costs. 

Knowing the total annual system costs and the generated power, the power generation costs can 

be determined. Figure 9 shows the result. 
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Figure 9. Power generation cost for system with and without storage II. 

For a probable future battery cost of 100 €/kWh the power generation costs are about 6.5 

€ct/kWh. And for a pessimistic battery cost scenario of 200 €/kWh the power generation costs amount 

to about 9 €ct/kWh. The cost of 6.5 €ct/kWh is comparable to the current power generation costs in 

many countries (Institute for Energy Research, 2017; Kost, 2018), and it is close to the current 

generation cost in the Java-Bali grid of about 5.3 €ct/kWh (MEMR, 2017). 

7. Conclusion 

The most important conclusion is that the power generation cost in the future renewable-resource based 

power supply system is not higher than the cost in currently existing systems, and not even much higher 

than in the current Java-Bali grid.  

It should be emphasized that only the direct system costs are considered in the calculation. The 

macroeconomical and social side effects of the different system designs and the costs related to these 

side effects are not taken into consideration. It is not easy to quantify these effects. However, taking into 

account the side effects of the current coal-dominated power generation, like land consumption due to 

mining and pollution effects, and monetarizing them, would increase considerably the real costs of coal 

power (in Sanchez (2017) a doubling of the cost is estimated). Additionally, while power from 

renewable-energy technologies has the tendency to get cheaper, the same tendency cannot be assumed 

for coal power. The technology does not promise big cost reductions, and possible higher carbon 

dioxide prices as well as possible higher coal prices may even cause higher future coal power costs. It 

has become gradually clear that in a mid-term perspective the levelized cost of power from renewable 

resources will be lower than the power from fossil fuels (Greenpeace, 2017). However, the latter does 

not necessarily mean that the power supply is also cheaper, because a renewable-energy based supply 

system may need power storages that increase the power supply cost.  

Indeed, in the Java-Bali grid, with a very limited share of dispatchable power generation in 

hydro and biopower plants, the situation is rather challenging. There is a very high demand for storage 

systems that increases the system cost considerably. Nevertheless, the result is that a 

renewable-resource based power supply is economically competitive. 

A second result is that a synthetic gas storage is not economically necessary. This holds at least 

if the situation is considered from the point of view of the electricity supply alone. If other forms of 

energy are taken into account then the usefulness of the integration of synthetic gas storages may be 

evaluated in a different way. Synthetic gases can play an important role for transportation and for 

thermal uses. In the sense of an increasing coupling of the different energy sectors the generation of 

chemical energy carriers out of electricity can play an important role (Brown, 2018). 
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Abstract: Rodgau has nearly 50.000 citizens and have their own sewage treatment plant. The 

wastewater of the whole town has to be treated to the point where it can be released in the back 

which gives the town its name, the Rodgau. There are two main sources of wastewater, 

municipal and industrial waste water. (www.rodgau.de 8.9.17) 

The objective of Sewage Treatment in Rodgau especially is that the waste water after being 

process can go directly to Rodau river. The drinking water of Rodgau is not coming from the 

sewage treatment plant. (Bundesministerium der Justiz und für Verbraucherschutz) 

The sewage Treatment Plant in Rodgau has the capacity up to 75.000 citizen value (EW). In this 

sewage treatment there are physical, chemical and biological processes.  In the chemical 

processes there are neutralization, oxidation and reduction processes. The physical treatment 

including sedimentation, extraction, and adsorption process. Then main steps of the sewage 

treatment are screening and filtration of the bigger pollutants, transforming of elements and 

separating the sludge.( ATV-Handbuch (1999)) 

Different options can be seen which were used in the Rodgau plant. The Rodgau sewage 

treatment plant is at state of the art, very efficient and can be a great example for sewage 

treatment plants of other cities. 

Keywords: sewage, treatment plant, pollutant 

1. Introduction 

A sewage treatment plant receives water, which is contaminated with lots of residues of the human 

digestion. Carbohydrates, proteins, fats, but also urea and endogenous acids are to be found in great 

quantities. Xenobiotika are also found. Their share is growing continuously. There is more and more 

hard to non-degradable pharmaceuticals and heavy metals in municipal sewage. How to get rid of those 

unwanted contaminants is still not completely clear. Since a sewage treatment plant has to operate under 

real conditions it has to be considerate that all of the relevant processes happen statistically. Therefore, 

it is not possible to transform all particles of a kind or to receive just one product from a process. It is 

not enough to find a fitting method for a problem, but to optimize it in such a way, that the wanted 

reaction happens prioritized. It is important to note, that nearly all processes at a sewage treatment plant 

are to be found in nature. Through research it is possible to combine and structure the methods in such a 

way, that the result is optimal.( ATV-Handbuch (1999)) Right after the pure functionality, a sewage 

treatment plant as an institution should run as efficient as possible. The economical aspect becomes 

more relevant since some methods of proceeding difficult substances can be very costly. Also, political 

issues can decide a lot. Germany encourages renewable energy systems and energy saving methods. 

2. Research Method 

1. A survey of data was done about the processes an methods of a sewage treatment plant.  

2. The plant was observed and each process studied. 

3. The maintanance work was done, including tests of the  functionality of the processes. 
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4. Laboratory tests for analysis of the componends in various points were made. Especially of the 

biological treatment. (according to EKVO- Eigenkontrollverordnung) 

3. A sewage treatment plants system 

3.1. General Structure 

There are three main types of treatment. Physical, biological and chemical. Some processes at a sewage 

plant use just one of those types alone other combine multiple. It is essential to understand the nature of 

each type to be able to optimize each process. Every sewage plant has an incoming flow of water and in 

the end several outgoing material streams. In Germany every plant has specific rules on the structure, 

volume and composition of each of those material streams. Most important is here the treated water, 

which flows into the nature afterwards.  

High fines can be charged if a plant does not stick to those rules, e.g. Ammonium concentration 

in off-stream water.( Bayrisches Landesamt für Wasserwirtschaft, (1999)) 

3.2. Plant process structure 

The first step is always a separation of non-soluble pollutants. Waste of different nature shall be 

separated and treated specifically. Also, fat and sand are separated to get only water with contaminants 

in colloidal dispersion. Bigger particle sizes could inhibit following processes and harm the equipment. 

Mostly physical methods will be used in this step. 

The next step partly separates sludge from colloidal dispersion and opens a new material 

stream. From now on two different mass streams are treated parallel. One is mostly water with solved 

components. The other one is called sewage sludge.  

The water now undergoes a biological treatment. Here different components will be 

transformed into specific compounds. As part of the treatment more sludge forms and is also separated. 

This sludge will be mixed with the sludge from the previous treatment and given into an own treatment 

process.  

After the process used to treat the sludge water will be returned to the water stream. Water and 

sludge will mostly be treated with biological methods in this step. 

The last step is the most variable one and depends stronger on the specific water and the 

problems a plant is facing. With mainly chemical methods the water will be treated to the required 

standard for release.  

Every sewage plant has this general structure, the specific methods and processes may differ. 

4. Processes in operation 

The Rodgau sewage plant has a nearly constant composition of contaminants and good as even flow of 

incoming water. This is very beneficial for a plants design. In the first separation two screens are used to 

sieve out big waste, mostly textile and some plastic, out of the water. The other screen is a finer one. It 

is called bio-sieve. Here leftovers and other small biological pollutants are separated. Both sieves are 

fully automatic and store the screening material in two containers. 

Now a so-called sand trap separated sand and fat with a physical method. Sand, heavier then 

water and fat, lighter then water will settle down (sand) or refloat (fat) here. A horizontal pool uses 

special water whirls to benefit this separation. Sand will sink to the ground where it can be recovered in 

intervals. The fat will be pushed under a physical barrier and therefore separated from the main water 

flow.  

Now the first sludge will be gathered with a sedimentation pool. A horizontal pool let water 

flow through very slow. The sludge will settle down and can be pumped out in a set time interval. 

The biological method used is to treat the water. In big round pools the water is treated with special 

bacteria under aerobic and anaerobic conditions. The pools can be labeled as biological reactors. 

Specific conditions must be made continuously. The available air, the movement in the water, 

pH-value, temperature and approximate number of bacteria to name the most relevant. In nearby pools 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

45 

 

the water then is separated trough sedimentation again from most of the sludge. The sludge is treated 

with the sludge from the pre-treatment together. 

The sludge is gathered and filled into sedimentation tanks to reduce the water content. The 

water separated from sludge is called process water and highly contaminated. It will be treated in a step 

later on. The sludge is treated in a digestion tower. Here, rot processes transform nearly all biological 

compounds. A lot of Methane and Carbon dioxide is formed. Due to the high damaging potential to the 

atmosphere and potential energy in this gas mixture it will not be released into the nature. It is pumped 

into a storage. The sewage plant Rodgau has a combined heat and power plant engine. It used the biogas 

as fuel to provide heat and electricity for the plant. Note: Since Germany has temperatures far below 20° C 

sometime a lot of heat is needed for the digestion tower and the biological treatment. 

Afterwards the sludge is separated from most of the water with a combination of two steps. First 

another sedimentation and afterwards a centrifugation with flocculation. 

Here again a lot of process water is collected. The dried sludge is now gathered in containers. 

The Process water is treated in a reactor similar to the biological reactors the water is going into. 

Here different bacterial strains are used. The conditions can be controlled better, and the highly 

contagious and contaminated water undergoes intense treatment.( B. Wett und M. Hell) The products 

are sludge and water streams which will be added in the drying for the sludge and at the begin of the 

biological treatment for the water.   

In the last treatment step, acid and base is used for neutralization. This is usually not needed in 

great value. If the incoming water has some abnormalities this step can stop dangerous substances 

before they can get into the nature. Other chemical can be injected in the water flow for that purpose 

also.  

5. Off-going Material streams 

There are four mayor material streams going off the plant. First the screening material. Here the fat from 

the sand trap is added. Both containers will be brought regular to an incineration plant. The material will 

undergo combustion which will produce current at the plant.  

Depending on the quality of the sand it is usually sold to a company which uses the sand for 

building purposes, like street fundament, or concrete ingredient. 

The dried sludge can now be used in several ways. In the past it was used in the agriculture as 

fertilizers. Since there is to be found more and more products like medicine and the like this is no longer 

an option. It will be used in a special thermal treatment plant which will also produce current from a 

combustion. (M- Grömping 2003) 

The last and most relevant stream here is the treated water. It has no drinking quality since it has 

been traces of bacteria left. The water is free from harmful substances for rivers. Natural processes will 

further change the water in the river and close the water cycle. 

6. Conclusion 

The sewage treatment plant Rodgau is at state of the art. They use modern and efficient methods at 

every point. Three people can maintain the whole plant in regular operation. With solar panels on the 

roof and the biogas system, a lot of the needed electrical energy can be produced at the plant itself. 

Through intelligent combination and organization as well as cooperation contracts, e.g.  with thermal 

treatment plants the dangerous, yet still energy containing material can be used for current production. 

Waste treatment and energy recovery are combined here very good. New methods for treating new 

components, e.g. hormones and medicine traces, are tested and will be implemented in future days.  

Due to the efficient operation at every point this plant is very cheap compared to others with the 

same results. An efficient structure does not benefit the process alone, but the economical expense of 

the city directly. 
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Abstract: Polyethylene Terephthalate (PET) bottle is used as beverage packaging, which is 

very convenient as one time use packaging. However, the huge amount of PET bottle waste has 

been becoming a serious problem for the environment. The utilization of PET bottle waste is 

very important to reduce the environmental problem. In this work, PET bottle waste was used a 

raw material to develop an ultrafiltration (UF) membrane. The membrane was prepared by 

using a phase inversion technique. The effect of the type of solvent, additive, and non-solvent 

on the microstructure and ultrafiltration performance of the membrane was studied. Different 

type of solvent, phenol, m-cresol, and DMSO were used to dissolve PET bottle as the source of 

membrane polymer. Two different additives, Polyethylene Glycol (PEG) and Polyvinyl 

Pyrrolidone (PVP) were used. Membrane 3 with the composition of PET, phenol as solvent, and 

PEG as additive was prepared successfully. The variation of aqueous alcohol solutions as 

non-solvent resulted in different microstructures of the membranes as shown by the scanning 

electron microscopy (SEM). The permeation experiment result using pure water as the feed 

showed that membrane 3 using aqueous butanol as non-solvent (membrane 3-ButOH) exhibited 

the highest permeate flux compared to that of membrane 3 using aqueous propanol (membrane 

3-PrOH) or ethanol as non-solvent (membrane 3-EtOH). The ultrafiltration experiment was 

carried out using a feed solution of water containing polyethylene glycol (PEG) 20,000. The 

membrane 3-EtOH showed the lowest permeate flux of 3.24 kg/m2h, but the highest rejection of 

PEG 20,000 of 65.87%. The membrane 3-PrOH had a permeate flux of 11.57 kg/m2h and a 

rejection of 64.73%. Whereas the membrane 3-ButOH showed the highest permeate flux of 

27.78 kg/m2h, but the lowest rejection 16.93%. This result was obtained due to the different 

membrane microstructures which were strongly affected by the type of non-solvent.  

Keywords: Membrane, Ultrafiltration, Polyethylene Terephthalate (PET), PET bottle  

1. Introduction 

Membrane is a selective barrier that allows the passages of certain component while retains other. 

Various types of membranes such as microfiltration, ultrafiltration, nanofiltration, and reverse osmosis 

membranes have been widely used in food, beverage, pharmaceutical and chemical industries for 

various separation and purification processes. Pervaporation membranes and gas separation membranes 

have also become alternatives of conventional separation techniques due to their high selectivity and 

low energy (Kusumocahyo, 2005; Ohta, 2008). Membranes which are commercially available in the 

market are mostly made from polymer materials such as cellulose acetate, polysulfone, polyamide, etc 

(Baker, 1991). Recently, membranes made from ceramic materials have been receiving a high attention 

due their chemical and thermal stability (Kusumocahyo, 2016; Huang, 2014; Xu, 2016), however the 

price of ceramic membranes is much more expensive compared to the polymer membranes. There are 

many studies on the use of other polymer materials with the aim to improve the membrane performance 

(Liu, 2017; Pulido, 2018) or to reduce the cost of the membranes (Ahmad, 2018). The use of cheap 

membrane material is still important in the developing countries like Indonesia, since most polymer 

materials to produce the membranes are not produced in Indonesia and have to be imported.  
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There is an alternative to obtain a membrane material from our daily waste, namely used plastic 

bottles. Most plastic bottles used for the packaging of water, juices, tea, coffee, soft drink, etc are made 

from polyethylene terephthalate (PET). Millions PET bottles are disposed every day causing a serious 

environmental issue. According to the Forbes Magazine in 2017, only less than 10% of bottle plastics 

are recycled (Nace, 2017). It means over 90% of plastic are disposed without further treatment or just 

combusted causing another environmental problem. The reuse of PET bottles as a polymer material to 

produce membranes is a conversion of waste into a high tech and more valuable product, yet at the same 

time it contributes in the efforts to solve the environmental problem.   

The aim of this study is to utilize PET bottle waste as the polymer material to develop 

ultrafiltration membranes. The ultrafiltration membranes were prepared using a phase-inversion 

technique. The influence of type of solvent, type of additive, and type of non-solvent on the 

microstructure and the ultrafiltration performance of the membranes were studied. Ultrafiltration 

experiments were carried out using pure water and water containing polyethylene glycol (PEG) to study 

the permeate flux and the rejection of the membranes. 

2. Experimental 

2.1. Materials 

Used PET clear bottles were collected from various sources. Phenol, dimethyl sulfoxide (DMSO) and 

m-cresol were used as the solvent to prepare the polymer solution. All solvents were purchased from 

Merck.  Polyethylene glycol (PEG) and polyvinyl pyrrolidone (PVP) were purchased from local 

suppliers, and were used as the additive for the polymer solution. Ethanol, n-propanol, and n-butanol 

were used as the non-solvent of the coagulation bath, and were also obtained from local suppliers. 

Purified water was used as the non-solvent of the coagulation bath and as the feed solution for the 

ultrafiltration experiment.  

 

2.2. PET bottle pre-treatment 

Transparent and colorless used PET bottles were collected, then the bottle caps and the labels attached 

on the bottles were removed. The bottles were washed using water, and after drying they were cut into 

small pieces of plastic shards with an approximate size of 3 mm x 3 mm.  

 

2.3. Membrane preparation 

The ultrafiltration membrane was prepared by using the phase inversion technique. First, the solvent 

was heated to 35℃ for 30 minutes, then the PET shards and the additive were added into the solvent. 

The weight ratio of the solvent, PET and the additive was 70:25:5. The solution was stirred and heated 

at 100℃ for 3 hours. Then the solution was casted onto a glass plate using a home-made casting knife, 

and it was immersed into a coagulation bath at room temperature. The coagulation bath contained 

water-alcohol mixture as the non-solvent with a weight ratio of water and alcohol of 1:12. Three 

different alcohol, namely ethanol, n-propanol, and n-butanol, were used. 

 

2.4. Characterization of the membranes 

The appearance of the membrane was observed using a microscope, whereas the microstructure of the 

membrane was observed using a scanning electron microscope (SEM). The thickness of the membrane 

was measured using a micrometer. 

 

2.5. Ultrafiltration experiment 

The ultrafiltration experiment was carried out using an ultrafiltration membrane apparatus equipped 

with a pump (Masterflex L/S Economy Drive Pump, Cole Parmer, USA) and a membrane cell with an 
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effective membrane area of 51.8 cm2. The experiment was conducted at room temperature and a 

pressure of 1 bar. Figure 1 shows the schematic diagram of the ultrafiltration experiment.  Pure water 

and water containing polyethylene glycol (PEG) 20,000 with a concentration of 500 ppm were used as 

the feed solution to study the permeate flux and the rejection of the membranes. The permeate sample 

was collected after a steady state condition was achieved, and the permeate flux was calculated from the 

flow rate of the permeate using the following formula: 

   

 

Where F is the permeate flux (kg/m2h), m is the weight of the permeate (kg), A is the effective 

membrane area (m2), and Δt is the time interval (h). 

The concentration of PEG 20,000 in the permeate was measured using a UV-vis 

spectrophotometer (T60 UV, PG Instruments Ltd., England) with a wavelength of 150 nm, and the 

rejection R was calculated using the following formula: 

 

Where R is the rejection (%), CF  is the concentration of PEG in the feed solution (ppm), and CP is 

the concentration of PEG in the permeate (ppm). 

 

Figure 1. Schematic diagram of the ultrafiltration experiment 

3. Results and Discussion 

3.1. Effect of Additive 

To study the effect of additive, three different membrane solutions using phenol as the solvent were 

prepared. The first membrane (Membrane 1) was prepared without additive, the second membrane 

(Membrane 2) was prepared using polyvinyl pyrrolidone (PVP) as additive, whereas polyethylene 

glycol (PEG) was used to prepare the third membrane (Membrane 3). These three membrane solutions 

were clear, transparent and homogeneous, however after the solution was casted and immersed in the 

coagulation bath containing water-ethanol solution, the appearances of the resulted membranes 

observed using a microscope were different as can be seen in Figure 2.  

Membrane 1 which contained no additive had a white color and a smooth surface but the 

membrane was stiff and not flexible enough to be used for the ultrafiltration experiment. Membrane 2 

which contained PVP as additive had more flexibility than Membrane 1, but  it had defects on its 

surface as can be seen in Figure 2. Thus, this membrane was leak and could not be used for the 

ultrafiltration experiment. The defects occurred  because PVP had a strong interaction with phenol 

(Molyneux, 1961). When the casted solution was immersed in the coagulation bath containing 

non-solvent, PVP was possibly diffused from the casted membrane together with phenol into the 

coagulation bath, creating a defect of the membrane. A study by Arahman et al  (Arahman, 2017),  

reported that PVP can act as a pore former and can increase the pore size of a membrane, however in our 
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study most likely PVP is too strong to be used as pore former for PET membrane, and resulted in a 

defect membrane. On the other hand, Membrane 3 which used PEG as the additive had a no-defect 

smooth surface, and showed a good flexibility. Thus, this membrane could be used for the ultrafiltration 

experiment. Other study reported that PEG acts as a plasticizer to produce a flexible membrane (Hee, 

2014). Thus, in this study PEG was used to prepare PET membranes with the variation of solvent and 

non-solvent. 

 

 
Membrane 1         Membrane 2                 Membrane 3 

Figure 2. Surface appearance of Membrane 1, Membrane 2, and Membrane 3 as observed using 

microscope 

3.2. Effect of Solvent 

Three different solvents, namely phenol, DMSO and m-cresol, were used to study the effect of solvent 

on the performance of the PET membrane. PEG was used as the additive, while water-ethanol mixture 

was used as the non-solvent. The use of phenol as the solvent resulted in a clear and homogeneous 

polymer solution, as well as a membrane with good flexibility. However, when DMSO was used as the 

solvent, the PET bottle shards and PEG were not completely soluble in DMS, even the polymer solution 

was stirred and heated for more than 3 hours at 100℃. When m-cresol as used as the solvent, the PET 

shards was completely soluble in m-cresol, however the addition of PEG into the solution resulted in an 

agglomeration of the solution. Therefore, for the next experiment, phenol was used as the solvent. 

3.3. Effect of Non-Solvent 

Coagulation bath containing non-solvent is one of the important things in the phase inversion technique. 

Here, three different types of non-solvent were used to prepare the membranes. They were 

water-ethanol mixture, water-propanol mixture, and water-butanol mixture. All membranes used 

phenol as the solvent and PEG as the additive. The resulted membranes were indicated as Membrane 

3-EtOH, Membrane 3-PrOH and Membrane 3-ButOH.  

Figure 3 shows the surface appearance of Membrane 3-EtOH, Membrane 3-PrOH and 

Membrane 3-ButOH. These three membranes showed the same appearance as observed using 

microscope. They were white in color, mechanically strong, and had a good flexibility. As shown in the 

picture below, there were no defects on their surface, thus ultrafiltration experiment can be carried out 

using these three membranes. The thickness of the membranes ranged between 110 to 146 μm. 

 
Membrane 3-EtOH    Membrane 3-PrOH      Membrane 3-ButOH 

Figure 3. Surface appearance of Membrane 3-EtOH, Membrane 3-PrOH and Membrane 

3-ButOH as observed using microscope 
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3.4. Results of Ultrafiltration Experiment 

Membrane 3-EtOH, Membrane 3-PrOH, and Membrane 3-ButOH were then tested through an 

ultrafiltration experiment using a feed solution consisting of pure water and PEG with an average 

molecular weight of 20,000 Da to measure the permeate flux and the selectivity. The concentration of 

PEG in the feed solution was 500 ppm, and the concentration of PEG in the permeate was measured 

using a UV-vis spectrophotometer with the aid of a standard calibration curve. The result of the 

ultrafiltration experiment is shown in Table 1 below. As can be seen in Table 1, Membrane 3-EtOH 

exhibited the lowest permeate flux, but the highest rejection of PEG 20,000 with a rejection of 

65.78%.  Membrane 3-PrOH exhibited a higher permeate flux but a lower rejection of 64.73%. The 

highest permeate flux was achieved using Membrane 3-ButOH, however the rejection is the lowest. The 

use of ethanol as the non-solvent resulted in the lowest permeate flux due to the smoothest 

microstructure which led to the formation of the smallest pores.  On the other hand, the use of propanol 

and butanol, which are more non-polar compared to ethanol, led to the formation of bigger pores, thus 

higher permeate fluxes.  

Table 1. Permeate flux and rejection of the membranes 

Membrane  Permeate flux (kg/m2h) Rejection 
Membrane 3-EtOH 3.24 65.78 % 

Membrane 3-PrOH 11.57 64.73 % 

Membrane 3-ButOH 27.78 16.93 % 

4. Conclusion 

Ultrafiltration membranes from used polyethylene terephthalate (PET) bottles were successfully 

developed in this work. The use of phenol as the solvent and PEG as the additive resulted in a smooth 

and flexible membranes which could be used for ultrafiltration experiments. The microstructures of the 

membranes were strongly affected by the type of non-solvent for the coagulation bath. The use of 

water-ethanol mixture as the non-solvent resulted in the smoothest microstructure as observed using 

SEM, and as a result Membrane 3-EtOH exhibited the lowest permeate flux of 3.24 kg/m2h but the 

highest rejection of PEG 20,000 with a value of 65.87%. On the other hand, the use of water-propanol 

and water-butanol as the non-solvent resulted in coarser microstructures, thus a larger pore size. The 

highest permeate flux with a value of 27.78 kg/m2h was achieved using water-butanol as the 

non-solvent, but the selectivity was the lowest with a rejection of PEG 20,000 of 16.93%.  
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Abstract: Natural gas is a source of energy that comes from the earth which is depleting every 

day, an alternative source of energy is needed and one of the sources comes from biogas. There 

is an abundance of empty fruit bunch (EFB) that comes from palm oil plantation that can 

become a substrate for biogas production. A methodology of fermentation based on Verein 

Deutscher Ingenieure was used to utilize EFB as a substrate to produce biogas using biogas 

sludge and wastewater sludge as inoculum in wet fermentation process under mesophilic 

condition. Another optimization was done by adding a different water ratio to the inoculum 

mixture. In 20 days, an average of 6gr from 150gr of total EFB used in each sample was 

consumed by the microbes. The best result from 20 days of experiment with both biogas sludge 

and wastewater sludge as inoculum were the one added with 150gr of water that produced 

2910ml and 2185ml of gas respectively. The highest CH4 produced achieved from biogas 

sludge and wastewater sludge with an addition of 150gr of water to the inoculum were 

27% and 22% CH4 respectively. This shows that biogas sludge is better in term of volume 

of gas that is produced and CH4 percentage.  

Keywords: Biogas, Palm Oil, Empty Fruit Bunch, Fermentation, Mesophilic, Inoculum.  

1. INTRODUCTION  

Palm oil (Elaeis Guineensis) is a plant that produces oil and is expended everywhere throughout the 

globe. One of the most important producers of palm oil in the global is Indonesia, generating 37.5 

million tons of palm oil. This plant was first discovered in 1911 and has been developed since 1970. 

Palm oil processes produce several kinds of waste. The processes from fresh fruit bunch (FFB) into 

crude palm oil (CPO) produces by-products like empty fruit bunch (EFB), mesocarp fiber (MF), palm 

kernel shell (PKS), palm kernel meal (PKM), and palm oil mills effluent (POME). The waste generated 

from this process is abundant and being neglected by the producer. Waste from palm oil processes has 

the potential to gain an economic value because it can be used as a source for chemical compounds, 

biomaterials, alternative fuel, and fertilizer.  

In 2015 Indonesia used 130.35 million tons of palm oil FFB. The life cycle of palm oil plant is 

around 25 years of effective duration and there are 11.3 million hectares of land use in Indonesia, from 

this statistics it is expected that there are approximately 30.61 million tons of EFB produced (Hambali 

and Rivai, 2017). This high energy containing waste can be used as a fuel source for energy production. 

Energy source from fossil are depleting in a rapid rate and there is still a lot of remote areas that has no 

electricity running in their area. Biogas has the potential to be the energy source for electricity, cooking, 

and lighting in Indonesia especially remote area.  

Based on this data, the objective of this thesis is to use and optimize the waste products from 

CPO production, countrywide plantations and industries, specifically EFB as a fuel source for biogas 

production because large amounts of EFB are produced every year from this process. The biogas can 

later be used as fuel for electricity generation, cooking gas, or lighting. The objective of this experiment 
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was to know which type of inoculum (biogas sludge or wastewater sludge) gave the best result in term 

of total volume and gas quality (CH4, CO2, H2S, and microbes population). 

2. RESEARCH METHOD  

The samples of empty fruit bunch and sludge were taken from a biogas plant in Belitung. The 

experiment was conducted from February 2018 until June 2018. Experiment, data taking, and data 

analysis were done in the Laboratory at Swiss German University, Alam Sutera, Tangerang, Indonesia. 

The experiment was done in the mesophilic state (temperature kept at ±35oC) and 6 treatments are 

conducted as in Table 1.  

 

Microbes in the initial sludge were analysed in term of quantity to determined the activeness of 

the sludge itself. The analysis of microbes population was done by the worker in Pusat Penelitian dan 

Pengembangan Teknologi Minyak dan Gas Bumi (PPPTMGB) Lemigas, Jakarta with microbes 

population procedure based on APHA 9215 method. Fermentation test apparatus was built as specified 

in DIN 38414 Part 8 or as specified in DIN EN ISO 11734 (Verein Deutscher Ingenieure, 2006). The 

equipment and materials that are used to run in this experiment must be absent from atmospheric 

oxygen or gastight. The system that is shown in Figure 1, will collect gas by storing the produced biogas 

in the eudiometer tube.  

 

Figure 1. Fermentation Setup Apparatus 
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The pretreatment done to the EFB is size reduction pretreatment that is chopped to smaller 

pieces. The quantitative determination of CH4, CO2, and H2S were done by using Portable Biogas 

Analyzer SAZQ and for the volume of gas produced was done by looking at the drop of the sealing 

liquid (Sperrflüssigkeit) in the eudiometer. The temperature of the hot water bath was maintained by 

using a controllable heater and digital thermometer. Experiment procedure flow can be seen in Figure 2.  

 

Figure 2. Experiment Flowchart 

3. RESULTS AND DISCUSSION 

 

After the experiment is finished the EFB is then dried and then weight again to know how much has 

been converted during the process. The average amount of substrate that is consumed by the microbes is 

6 gr from 150 gr EFB used can be seen in Table 2. There are other organic substances in EFB but since 

cellulose is the dominant part, it will the one that is going to be calculated. Theoretically, 1 gr of 

cellulose if all were converted into CH4 there should be 414 ml of CH4 per gr of cellulose (Hafner and 

Rennuit, 2018). The composition of EFB shows that 45% of the fruit is cellulose (Darmosarkoro and 

Winarna, 2001). Theoretically, the max CH4 that can be produced from 6 gr of EFB can be seen in the 

calculation below: 
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Previous studies from (Agus Purnomo et al, 2018) shows that semi wet fermentation gives the 

best result and the same one occur here. The result from the combination of 150 gr EFB, 300 gr 

inoculum, and 150 gr water gave the best result among all the other combination for both inoculums that 

is used. The data of CH4 produce and the theoretical value it should have can be seen in Figure 3 below:  

 

Figure 3. CH4 produced from 150 gr EFB, 300 gr inoculum, and 150 gr Water for Biogas and 

Waste Water Sludge; (○) with Biogas Sludge; (□) with Waste Water Sludge; (△) Theoretical 

CH4 Value. 

Figure 3 result shows quite a big gap between theory and the actual result. It is happen because 

not all gases that are produced from the microbial activity turn into CH4 but turn into CO2 from what is 

shown in the biogas analyzer. Since the feedstock is relatively hard to degrade, only a small amount of 

soluble organics is available for conversion into CH4 and this could explain for more CO2 content. Gas 

is still being produced when the experiment was stopped. This shows that the production of gas is more 

than 20 days to reach the theoretical data.  

The substrate used which is EFB and both of the inoculum used was not pretreated during this 

experiment. A pretreated EFB can be done in mechanical, thermal, biological, or chemical treatment 

that can lead to an increase in biogas production because microbes that degraded cellulose, 

hemicellulose, and starch can works easier with a simpler substrate that will speed up the degradation of 

substrates and increase in biogas yield. (Montgomery, L and Bochmann, G. 2014). Pretreatment of 

inoculum can also increase the yield of biogas production by adding the substrate to the inoculum first 

before inoculum is then used in the biogas production process. The pH is then set between 4 and 6 and 

temperature to be either mesophilic or thermophilic state (30-50oC), this process will inhibit the 

methane production process and the acid in the sludge will be accumulated so that when the sludge is 

going to be used as inoculum the methanogenesis process can start immediately because an optimal and 

effective environment for the microbes are available. (Deublein and Steinhauser, 2010; Thauer, 1998).  

The system run here have no mixing so contact of the substrate with microbes are not effective. 

Mixing in digester homogenized the spread of active microbes with the substrate or feed in it. This can 

cause an increase in biogas yield (Lindmark J, Thorin E, Fdhila R, Dahlquist E. 2014). There is a 

contact between sample and oxygen during pH measurement. It happens because the bottle filled with 
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sample has to be removed from the eudiometer to measure pH. This can also affect inhibition during the 

anaerobic fermentation process. (Botheju D, Lie B, Bakke R. 2009). 

 

Biogas sludge was used because hypothetically there is already some bacteria that can do 

anaerobic digestion processes since it is sludge generated from a biogas production while wastewater 

was use to compare the result since this water at first supposed to not have any bacteria related tobiogas 

production.  

From the data in Table 3. biogas sludge have microbes population of 8.9 x 105 and the one in 

wastewater treatment sludge have microbes population 3.6 x 103. As expected from the data of gas 

produce and gas quality graph result shown that fermentation using biogas sludge as inoculum will have 

the better result than the one using wastewater treatment sludge as inoculum. It happens because the 

sludge from biogas process is sludge that is actively used in biogas production at the palm oil factory 

therefore, there will be more activity of microbes than the one from wastewater treatment sludge and 

that is why using biogas sludge will boost the startup process of biogas production. (Verein Deutscher 

Ingenieure, 2006).  

Because there is no data for the composition of the microbes, estimation can be made from the 

behavior of the experiment result. Biogas production consists of 3 steps; hydrolysis, acetogenesis, and 

methanogenesis. All of this process required different microbes to work. (Conrad, 1999 and Parawira et 

al., 2008). Acid production in acetogenesis proses will cause a drop in pH (de Bok et al., 2005 and 

Schink, 1997). The pH result shows that there is a drop during experiment so acetogenic bacteria exists 

in both of this sludge. While producing acid, microbes will also produce a byproduct of H2S. The 

amount of H2S from the experiment using biogas sludge is higher than the one using wastewater sludge. 

This proof that acetogenic microbes are superior in the biogas sludge rather than in wastewater sludge.  

Methanogenesis process produced CH4 and CO2. The result in Figure 3 shows that the rate of 

CH4 forming in Biogas sludge is higher than the one using wastewater sludge. It means that 

methanogenic microbes exist more in the biogas sludge rather in wastewater sludge. The rate of 

methane production can be increased by pretreating the sludge before use (Getachew and Jenicek, 2016). 

Both inoculums have all the microbes needed to run the process of biogas production. But the microbes 

composition and population is far more superior in Biogas Sludge. 
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Abstract: Oil Palm growths in Indonesia are getting higher every year. Oil palm plantation 

produced various waste, including oil palm empty fruit bunches (OP-EFB). 95 % Indonesia 

energy demand still provided by the fossil fuel and only 5 % provided by renewable energy, 

which provide opportunity of OP-EFB biomass pellets to be utilized as alternative resource. The 

research of biomass still low, especially research of OP-EFB biomass pellets. Therefore, the 

research objectives were to determine the production process of OP-EFB and to define the most 

effective binder and binder ratio for the biomass pellets. This research experiments consist of 

shredding, chopping, drying, grinding, and sieving as raw material pretreatment. Also, varying 

the binder and binder concentration of the mixture between raw materials was the part of this 

thesis research. The binders used in this thesis research are PVAC paste and tapioca based paste 

with 4 variations of concentration. The analyses of the biomass pellets characteristic are density, 

compressive strength, proximate analysis (moisture, ash, volatile matter, and fixed carbon), 

calorific value, combustion rate, and gas chromatographic & mass spectroscopy (GCMS). The 

result shows that OP-EFB biomass pellets are qualified to be considered as biomass pellets. The 

most effective OP-EFB biomass pellets is biomass pellets with 10% tapioca binder 

concentration.  

Keywords: Oil Palm Empty Fruit Bunches, Biomass, Biomass Pellets, PVAC, Tapioca.  

1. Introduction  

Growth of oil palm plantations in Indonesia are increasing due to the high demand of oil palm mainly as 

cooking oil, with annual production around 6,645,876 ton in 2016 (Direktorat Jenderal Perkebunan, 

2016). Oil palm plantation produces various of waste (solid waste & process waste) and oil palm empty 

fruit bunches (OP-EFB) is one of the waste alongside palm shell, palm fibre, and palm oil mill eflluent 

(Abdullah & Sulaiman, 2013). Oil palm empty fruit bunches (OPEFB) shows great potential as solid 

biomass fuel (SBF) for thermochemical energy applications based on the calorific value as 

consideration (Nyakuma, Ahmad, & Johari, 2015).  

Currently, almost 95% of Indonesia energy demand still provided by fossil energy (oil, coal, 

and natural gas) and 5% renewable energy (Permasalahan, 2014). However, the research and 

development of oil palm empty fruit bunches (OP-EFB) as biomass pellets in Indonesia are still low, 

which make this as the main background of this thesis research.  

The objectives of this thesis research are to define the appropriate pretreatment process for oil 

palm empty fruit bunches as biomass pellets, to define the most effective process of pellet productions, 

to determine the chemical and physical characteristic of the biomass pellets, and to define the most 

effective type of binder and binder concentrations in biomass pellets, which in this thesis research, 2 

types of binder were utilized (PVAC & Tapioca) with 4 various binder concentrations (3%, 5%, 7%, 

10%).  

2. Research Method  

This thesis research was divided into three steps. First step is the pretreatment method. The pretreatment 

methods consist of several process, start from chopping, shredding, drying, grinding, and sieving with 
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20-40 mesh of raw materials particle size. Second step is the manufacturing method. Manufacturing 

method is mixing the pretreated OPEFB with the binder. Before mixing, the binder should be prepared.  

The preparation of PVAC binder is to mix 5 gram of PVAC paste with 3 gram of water and mix 

it until become homogenized, while the preparation of tapioca binder is to mix 1 gram of tapioca starch 

with 5 gram of water and mix it with addition of heat until it become homogenized. After the binder 

prepared, each of the binder will be mixed with the pretreated OPEFB with 4 various binder 

concentrations (3%, 5%, 7%, and 10%). The mixture of OP-EFB and binder will be proceed into the 

pelletizing process with the pelletizing condition are 150°C, 2500kg/cm2 pressure and 10 minutes of 

process time. The expected output is biomass pellet with various binder concentrations and binder type. 

Last step is the analytical method, with the purpose the determining the characteristic of the biomass 

pellets. There were 6 characteristics of the biomass pellets to be analyzed, which are density, 

compressive strength, proximate analysis (moisture content, ash content, volatile matter, and fixed 

carbon), calorific value, combustion rate, GCMS (Gas Chromatography and Mass Spectrophotometer) 

analysis. All of the analyses were done using ANOVA test.  

 

Figure.1. Process Flow Diagram of the Research 

3. Results and Discussions  

The results of 6 analyses were a comparison of biomass pellet with PVAC binder with 3%, 5%, 7% and 

10% binder concentration and comparison of biomass pellet with tapioca binder with 3%, 5%, 7%, and 

10%. The mesh selected for this thesis research was 20-40 mesh, which were different than the common 

mesh selected for biomass pellets raw materials, which is minimum 40 mesh. The reason that mesh 

selected is because the binding power of minimum 40 mesh raw materials was not strong enough to 

bind as biomass pellet.  
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The sample codes in this thesis research were P-3, P-5, P-7, P-10 and T-3, T-5, T-7, T-10. Letter 

T and P define the type of binder (Tapioca and PVAC), while the number (3, 5, 7, and 10) define the 

binder concentrations 

Table 1 Proximate Analysis of Biomass Pellet 

 

The average moisture content of PVAC is higher than tapioca because the preparation of PVAC 

binder did not involve heat so there is no moisture loss, different than tapioca. The ash content of PVAC 

was increasing alongside the binder concentration while tapioca was decreasing. The reason that ash 

content of PVAC was increasing is because PVAC contain vinyl acetate. Acetate is determined as 

organic salt and it is incombustible compound, which make it ash. The ash content of tapioca was 

decreasing because the ash content of tapioca is lower than the ash content of the raw material. From 

volatile matter aspect, PVAC still have bigger role in biomass pellet with PVAC binder because PVAC 

is a polymer and it will break down into monomer when contacted with heat so it will easier to 

vaporized. Also, PVAC mainly consist of vinyl alcohol and vinyl acetate, which both of the content 

have low boiling point. Fixed carbon determines the residual combustible solid inside the biomass 

pellets after the moisture was taken and volatile matter was vaporized. The fixed carbon of PVAC 

already reach the peak point (P-7), while tapioca still not reach the peak point of fixed carbon.  

Table 2 Analysis of Biomass Pellet 

 

The average density and compressive strength of biomass pellet with PVAC binder is higher 

than tapioca because as a binder, PVAC has higher density and stronger than tapioca. The average 

calorific value of tapioca binder is higher than PVAC because tapioca has higher calorie than PVAC.  

After all of the analyses were done, the best binder concentration was selected from each type 

of binder. For PVAC, the best binder concentration was P-7 (PVAC 7% concentration) because P-7 

have significantly lower ash content and moisture content than P-10, while the difference of the other 

analysis of P-7 and P-10 are not significant. For tapioca, the best binder concentration was T-10 
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(Tapioca 10% concentration) because T-10 has 4 out of 7 advantages in analysis than T-7. Between the 

best binder from each type of binder (P-7 and T-10), the best binder concentration is T-10 because T-10 

has 4 out of 7 advantages in analysis than P-7. Also, from the GCMS analysis, T-10 does not produce 

harmful material (TRIDEUTEROACETONITRILE) when it combusted.  

Both of the best binder (P-7 and T-10) already met requirement or the standard of biomass 

pellets from Germany (DIN 51731) and Indonesia (SNI8021-2014), except the ash content. The 

maximum ash content from both of the standard is 1.5%, while the ash content from P-7 is 7.59% and 

T-10 is 7.36%. The high ash content indicates that the raw material (oil palm empty fruit bunches) has 

high ash content.  

4. Conclusion  

Oil palm empty fruit bunches (OP-EFB) can be utilized as the raw materials of biomass pellets. 

OP-EFB biomass pellets with certain binder concentrations met the requirement of the pellet standard 

(DIN 51731 & SNI8021-2014), except the ash content. The production process of OPEFB biomass 

pellets are shredding, chopping, drying, grinding, sieving (20-40 mesh), and pelletizing. In terms of 

compressive strength and volatile matter, biomass pellet PVAC binder is favored. In terms of density, 

moisture content, ash content, fixed carbon, calorific value, combustion rate, and GCMS, biomass pellet 

with tapioca binder is favored. Biomass pellet with 10 % tapioca concentration is the best binder 

concentration in this thesis research. 
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Abstract: Pineapple juice is frequently consumed for its extensive health benefits, but is prone 

to microbiological degradation. Pasteurization – as a current preservation technique – have been 

degrading the nutritional qualities of fruit juices, and the use of synthetic preservatives have 

been perceived negatively by consumers. In this study, lemongrass essential oil was applied for 

the preservation of pineapple juice. Agar Well Diffusion Method was used for antimicrobial 

activity screening of lemongrass essential oil against E. coli, S. cerevisiae, and A. niger, while 

Broth Macrodilution Method was used in determining Minimum Inhibitory Concentration 

(MIC) of lemongrass essential oil, which was evaluated to be 0.1%. Furthermore, the addition 

of 0.1% lemongrass essential oil into pineapple juice had a negative impact regarding the 

sensorial acceptability, but was able to significantly suppress the microbial count for bacteria, 

yeast, and mould during 5 days of storage time in chilling temperature (4ºC). Vitamin C content 

degradation and pH changes during storage were not significantly affected by the addition of 

lemongrass essential oil. Furthermore, the addition of 0.1% lemongrass essential oil was 

observed to be not synergistic with the enzyme activity of pineapple juice, and has negatively 

impacted the enzyme stability of the pineapple juice. 

Keywords: antimicrobial, Cymbopogon citratus, essential oil, Ananas comosus, preservative, 

storage stability 

1. Introduction 

Pineapple (Ananas comosus) is a commercially significant fruit that serves as a major export 

commodity for Indonesia. Pineapple has vibrant tropical flavor and promote extensive health benefits 

(Farid Hossain, 2015). Because the growing condition of pineapple is directly above the ground, it is 

quite impossible to completely prevent contamination when the fruit is made into juice. Furthermore, 

inappropriate storage conditions might lead to microbial contamination during storage by both spoilage 

and pathogenic microorganisms (de Sousa Guedes et al., 2016). 

Methods that are currently and commonly used to prevent microbial deterioration of fruit juices 

during storage include thermal processing (pasteurization) and the utilization of allowed food 

preservatives (Eissa, et al., 2008). However, thermal treatment causes a significant loss regarding the 

nutritional quality and the freshness of fruit juices (Elez-Martinéz et al., 2006). Furthermore, the use of 

synthetic preservatives has been perceived negatively by consumers. 

Many researchers have reported that lemongrass (Cymbopogon citratus) and its essential oil 

was bactericidal and fungicidal against a broad range of microorganisms, both pathogenic and spoilage 

(Naik et al., 2010). Among eight essential oils that were evaluated, lemongrass essential oil showed the 

strongest fungicidal effect against the target microorganisms in fruit juices (Helal et al., 2006). 

Furthermore, it was found that the addition of 0.3% lemongrass essential oil to unpasteurized apple 

juice significantly decreased the microbial load during storage, but created a negative impact on the 

sensorial acceptance (Eissa, et al., 2008). As essential oil is highly concentrated and consists of mainly 

volatile compounds, the incorporation of essential oils into a food system has its limitations such as 

strong organoleptic properties regarding its flavor and aroma (Prakash et al., 2012). 
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2. Materials and Methods 

Materials 

The materials that were used for this research are pineapple fruit (Nanas Honi from SUNPRIDE, 

Indonesia), sugar, salt, commercial lemongrass essential oil from Nusaroma Indonesia, Tween 80, test 

organisms (Saccharomyces cerevisiae, Aspergillus niger, and Escherichia coli), Mueller Hinton agar 

(Oxoid, United Kingdom), D-glucose (Merck, Germany), methylene blue, sodium chloride (Merck, 

Germany), potato dextrose agar (Merck, Germany), nutrient broth (Merck, Germany), agar 

bacteriological no. 1 (Oxoid, United Kingdom), potato dextrose broth (Merck, Germany), plate count 

agar (Merck, Germany), chloramphenicol, potassium iodide (Merck, Germany), iodine (Merck, 

Germany), soluble starch, potassium phosphate monobasic, sodium hydroxide (Merck, Germany), 

casein from bovine milk (Sigma-Aldrich, United States), trichloroacetic acid, Folin’s Phenol Reagent, 

anhydrous sodium carbonate, sodium acetate, calcium chloride, L-Tyrosine (Merck, Germany), and 

distilled water. 

Methods 

2.1. Preliminary Analysis of Lemongrass Essential Oil and Pineapple Juice 

Antimicrobial activity screening of lemongrass essential oil was performed by agar well diffusion 

method against bacteria (E. coli), yeast (S. cerevisiae), and mould (A. niger). Concurrently, the initial 

conditions of pineapple juice such as pH, microbial count, vitamin C content, and enzyme activity were 

analyzed. 

2.1.1. Agar Well Diffusion Method 

Prior to the assay, microbial strains (E. coli, S. cerevisiae, A. niger) were sub-cultured into slant agar 

and incubated at 37°C for 24 hours. After 24 hours of incubation, the turbidity was adjusted using 

0.85% saline solution such that they are identical to 0.5 McFarland standard turbidity. One mL of each 

microbial suspension was pipetted into petri dish and by pour plate method, 25-30 mL of agar (Mueller 

Hinton Agar for bacteria, MHA + 2% glucose + 0.5 µg/mL methylene blue for yeast, Potato Dextrose 

Agar for mould) was poured and mixed thoroughly in a circular motion and let dried. Wells of 5 mm 

were cut using glass pipettes and 50 µL of diluted lemongrass essential oil (2%, 4%, 6%, and 8% v/v in 

0.05% Tween 80) were pipetted into each wells. Fifty µL of Tween 80 was pipetted into another well as 

blank (negative control). Fifty µL of positive controls were also used (gentamycin 1 mg/mL for 

bacteria, nystatin 0.5 mg/mL for yeast, nystatin 1 mg/mL for mould). Petri dishes were incubated at 

37°C for 24 hours for bacteria and yeast, and 72 hours for mould. Zones of inhibition were measured. 

2.1.2. pH Analysis 

pH meter was calibrated using buffer solution of pH 4, 7, and 10 prior to measurement. pH of pineapple 

juice was measured. 

2.1.3. Total Plate Count (TPC) 

Stock samples were prepared by pipetting 1 mL of sample into 9 mL of 0.85% saline solution. Then, 1 

mL of stock sample was pipetted into another 9 mL of saline solution, resulting in 1:10 dilution. The 

steps were repeated until 1:1000 dilution was obtained. By using pour plate method, 15-20 mL of Plate 

Count Agar was poured into petri dishes containing the sample, mixed thoroughly, and let dried. Petri 

dishes were incubated at 37°C for 24 hours. Resulted bacteria colonies were enumerated (30-300 

colonies). 

2.1.4. Total Yeast and Mould Count (TYMC) 

Stock samples were prepared by pipetting 1 mL of sample into 9 mL of 0.85% saline solution. Then, 1 

mL of stock sample was pipetted into another 9 mL of saline solution, resulting in 1:10 dilution. The 

steps were repeated until 1:1000 dilution was obtained. By using pour plate method, 15-20 mL of Potato 

Dextrose Agar supplemented with 100 mg/L chloramphenicol was poured into petri dishes containing 

the sample, mixed thoroughly, and let dried. Petri dishes were incubated at 37°C for 72 hours. Resulted 

fungal colonies were enumerated (15-150 colonies). 
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2.1.5. Iodine Titration 

Twenty mL of sample and 5 mL of 0.5% starch indicator solution was added. Then, the sample was 

titrated with 0.005 mol/L iodine solution while stirring until the end point was reached (blue-black 

color). Volume of titrant was recorded. 

2.1.6. Protease Activity Assay (Sigma-Aldrich) 

Into each tube, 5 mL of 0.65% w/v casein solution (diluted with 50 mM potassium phosphate buffer) 

was added. The tubes were put into a 37°C water bath for 5 minutes. Then, 1 mL of diluted enzyme 

sample (1 part sample : 3 parts enzyme diluent solution) was pipetted into the sample tube. One mL of 

enzyme diluent solution was pipetted into sample blank tube. The tubes were incubated at 37°C for 

exactly 10 minutes. After incubation, 5 mL of 110 mM TCA solution was added into each tubes to stop 

the reaction. The mixtures were further incubated at 37°C for 30 minutes. During 30 minutes of 

incubation, tyrosine standard solutions were set up by diluting 1.1 mM L-Tyrosine standard into the 

following volumes in mL: 0.05, 0.1, 0.2, 0.4, and 0.5. Then, varying volumes of distilled water was 

added until the volume of each tubes were 2 mL. Standard blank was set up by adding only 2 mL of 

distilled water into a tube. After 30 minutes of samples incubation, the mixtures were filtered using 

filter paper. Two mL of filtrate containing sample, sample blank, standard, standard blank were 

transferred into a new set of test tubes. Afterwards, 5 mL of 500 mM sodium carbonate was added into 

all tubes containing sample, sample blank, standard, and standard blank. Immediately after, 1 mL of 0.5 

M Folin’s Phenol Reagent was added into each tube. All mixtures were incubated at 37°C for 30 

minutes. Finally, 1 mL of each tube was pipetted into cuvettes and the absorbance values were read at 

660 nm. 

2.2. Determination of Essential Oil Concentration 

Determination of lemongrass essential oil concentration for product application was done by 

performing Minimum Inhibitory Concentration (MIC) determination and sensory evaluation. 

2.2.1. Broth Macrodilution Method 

Broth macrodilution was performed to find the MIC of lemongrass essential oil. Broth macrodilution 

was conducted according to CLSI M07-A9 for bacteria, M27-A2 for yeast, and M38-A for mould. Prior 

to the assay, microbial strains (E. coli, S. cerevisiae, A. niger) were sub-cultured into agar slant and 

incubated at 37°C for 24 hours. After 24 hours of incubation, the turbidity was adjusted using 0.85% 

saline solution such that they are identical to 0.5 McFarland standard turbidity. For standardizing the 

inoculum, further 1:150 dilution by nutrient broth was done for bacteria. For yeast, further 1:1000 

dilution followed by 1:20 dilution by potato dextrose broth was done. For mould, further 1:100 dilution 

by potato dextrose broth was done. For bacteria, 2 mL of standardized suspension was pipetted into 

tubes with 2 mL of lemongrass essential oil of various concentrations (0.1%, 0.2%, 0.3% v/v in 0.05% 

Tween 80). For yeast and mould, 0.9 of standardized suspension was pipetted into tubes with 3.6 mL of 

lemongrass essential oil of various concentrations (0.1%, 0.2%, 0.3% v/v in 0.05% Tween 80). Both 

negative and positive controls were used. Initial absorbance values were recorded (600 nm for bacteria, 

530 nm for yeast and mould), and change of absorbance values were recorded for the next 24 and 48 

hours. 

2.2.2. Hedonic Scale Sensory Analysis 

Thirty panelists were given 4 samples (control sample, with 0.1%, 0.2%, 0.3% v/v lemongrass oil). 

Panelists were asked to determine the liking with the values ranging from 1 (dislike extremely) to 9 (like 

extremely). The acceptance of color, aroma, taste, viscosity, aftertaste, and overall acceptance were 

evaluated. 

2.3. Shelf Life Analysis 

Shelf life analysis was done in terms of microbial count, vitamin C content, pH, and enzyme activity 

during 5 days of storage at a chilling temperature (4°C). Two samples (control sample and sample with 

0.1% lemongrass oil) were evaluated. Total microbial count was evaluated in terms of TPC and TYMC 

for every 24 hours during storage period. pH of both samples were recorded every 24 hours during 
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storage period. Iodine titration for vitamin C determination was also done every 24 hours during storage 

period. Enzyme activity analysis of both samples was conducted at the beginning and at the end of 

storage period. The container that was used throughout shelf life analysis were 20 mL 

autoclave-sterilized glass bottles with rubber stoppers. 

3. Results and Discussions 

3.1. Pineapple Juice Initial Analysis 

Table 1. demonstrated the initial conditions of the pineapple juice sample. It was observed that both of 

the initial total plate count (TPC) and total yeast and mould count (TYMC) of pineapple juice was 

already numerous. The initial TPC was close to exceeding the TPC allowed by the national standard 

(SNI) requirements for fruit juice (1 x 104 CFU/mL). Furthermore, the initial TYMC of the pineapple 

juice had already exceeded the TYMC allowed by the SNI (1 x 102 CFU/mL). 

High microbial contamination was presumably because of unsterile working procedures and 

environment. Furthermore, since the pineapple juice was not pasteurized, microbial contamination was 

very likely to occur. 

Table 1. Initial conditions of pineapple juice sample 

Parameter Unit 

pH 3.73  0.01 

Vitamin C 35.93 mg/100 mL 

Total plate count 9.65 x 103 CFU/mL 

Total yeast and mould count 1.77 x 103 CFU/mL 

Enzyme activity 1.21  0.02 Units/mL 

3.2. Well Diffusion Method Results for Lemongrass Essential Oil 

Screening of antimicrobial activity of lemongrass essential oil was performed using well diffusion 

method at 2%, 4%, 6%, and 8% concentrations against E. coli, S. cerevisiae, and A. niger. Figure 1 (a), 

(b), (c) demonstrated the zone of inhibition against the target microorganisms. Figure 2. represented, in 

millimeters, the respective zones of inhibition.  

Based on the well diffusion method results, lemongrass essential oil was proven to have 

antimicrobial activities against the tested microorganisms. Furthermore, as the concentration of 

lemongrass essential oil was increased, the zones of inhibition for the target microorganisms were 

increasing as well. This was related to the inhibition mechanism by the well diffusion method itself. 

With more concentrated load of lemongrass essential oil inside the well, the more it has the ability to 

diffuse outwards to the surroundings, making the zone of inhibition larger as the concentration was 

increased (Tendencia, 2004) 

     
(a)                                       (b)                                          (c) 

Figure 1. Well diffusion method results against (a) E. coli, (b) S. cerevisiae, and (c) A. niger 
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Figure 2. Zone of inhibition (mm) of lemongrass essential oil against 

E. coli, S. cerevisiae, and A. niger 

For each of the microbial strain, positive controls were differed. Gentamycin (1 mg/mL) (Kaur 

Monga et al., 2017), nystatin (0.5 mg/mL) (Dar et al., 2016), and nystatin (1 mg/mL) (Akinpelu et al., 

2015) was used as the positive controls for E. coli, S. cerevisiae, and A. niger inhibition zone 

respectively. 

3.3. MIC Determination of Lemongrass Essential Oil  

Minimum Inhibitory Concentration (MIC) determination following well diffusion method assay to 

precisely obtain the antimicrobial characteristics of the essential oils in regards to the application in 

food preservation (Mith et al., 2014). Minimum Inhibitory Concentration (MIC) of lemongrass 

essential oil was evaluated at 0.1%, 0.2%, and 0.3% concentrations.  

Figure 3 (a), (b), and (c) represented the results of broth macrodilution method of lemongrass 

essential oil against E. coli, S. cerevisiae and A. niger as inhibitory percentage of microbial growth after 

24 and 48 hours. Lemongrass essential oil demonstrated a rather strong antimicrobial activity against 

the tested microorganisms, and was able to inhibit at least 80% of all target microorganisms over 24 

hours of incubation. For this reason, all of the microorganisms were considered as sensitive to 

lemongrass essential oil. Furthermore, inhibitory percentages for each concentration decreased after 48 

hours of incubation. The occurrence is presumably due to the release of volatile compounds that was the 

main constituent that plays role in inhibiting the microorganisms. 

 
(a)                                                 (b)                                                 (c) 

Figure 3. Inhibitory percentage (%) of lemongrass essential oil against 

(a) E. coli, (b) S. cerevisiae, and (c) A. niger after 24 and 48 hours of incubation 
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The compounds responsible for the antimicrobial mechanism of lemongrass essential oil was a 

group of terpenoids. Geranial (-citral) and neral (-citral) were the derivatives of the terpenoids found 

in the lemongrass essential oil fraction (Arswendiyunma in Antara et al., 2013). 

Table 2. represented the means of inhibitory percentage of lemongrass essential oil for each 

concentration after 24 and 48 hours of incubation time. At 0.1% concentration, lemongrass essential oil 

had already shown a strong inhibitory activity, and was able to inhibit 87.31% of the target 

microorganisms. Statistical analysis has shown that at 0.1%, 0.2%, and 0.3%, the means of inhibitory 

percentages were not significantly different. Therefore, 0.1% concentration was determined as the MIC 

for this study. 

Table 2. Mean of inhibitory percentage of lemongrass essential oil after 24 and 48 hours of incubation 

Concentration Inhibitory Percentage (%) 

0.1% 87.31  4.31a 

0.2% 88.98  4.41a 

0.3% 91.95  3.14a 

*Different in superscripts denotes significant difference (P-value < 0.05) 

3.4. Sensory Evaluation Results 

Thirty untrained panelists were chosen for the hedonic scale sensory evaluation (Watts et al., 1989), and 

were presented with 4 pineapple juice samples. Table 3. demonstrated that the addition of lemongrass 

essential oil had affected all of the sensory attributes that were evaluated.  

Table 3. Hedonic scale sensory evaluation results 

 Control 0.1% 0.2% 0.3% 

Color 6.30  1.66b 6.63  1.47ab 6.83  1.18a 6.50  1.46ab 

Aroma 6.97  1.47a 5.97  1.45b 6.00  1.62b 5.63  2.11b 

Taste 7.17  1.39a 6.10  1.34b 4.87  1.30c 4.03  1.97d 

Viscosity 6.97  1.00a 6.77  1.17a 6.63  1.30a 6.07  1.41b 

Aftertaste 6.57  1.55a 5.83  1.58b 5.27  1.80c 4.43  1.87d 

Overall 7.13  1.01a 6.30  1.18b 5.83  1.37c 5.00  1.31d 

*Different in superscripts denotes significant difference (P-value < 0.05) 

 

*Hedonic Scale: 

1 – Dislike extremely 6 – Like slightly 

2 – Dislike very much 7 – Like moderately 

3 – Dislike moderately 8 – Like very much 

4 – Dislike slightly 9 – Like extremely 

5 – Neither like nor dislike  

The most observable change for the attributes were the taste, aftertaste, and the overall 

acceptance, since it had a decreasing value as the lemongrass essential oil concentration was increased. 

Some panelists described the addition of lemongrass essential oil contributed to the pungent and bitter 

taste. This might account for the lower acceptance values of the samples with added lemongrass 

essential oil compared with the control. Furthermore, it was observed that the decrease of acceptance 

values was significant between each concentration. 

Aroma of the pineapple juice was also significantly affected by the addition of lemongrass 

essential oil. The compound that might be responsible for the aroma is citral, as it is both a major 
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constituent of lemongrass essential oil and a volatile compound. Monoterpenes are volatile substances 

that are responsible for the aroma and flavor profile of essential oil (Ganjewala, 2009). 

3.5. Shelf Life Analysis of Pineapple Juice 

Shelf life analysis was done to acknowledge whether or not the addition of lemongrass essential oil 

significantly affected the microbial and chemical degradations. Pineapple juice with 0.1% (v/v) 

lemongrass essential oil concentration was chosen for the shelf life analysis because at that 

concentration, the sensorial acceptability was closest compared to the control sample, while having 

strong in-vitro antimicrobial activity assessed by broth macrodilution method. Two samples were 

evaluated during shelf life analysis; which were pineapple juice without the addition of lemongrass 

essential oil as control sample, and pineapple juice with the addition of 0.1% lemongrass essential oil. 

3.5.1. Total Microbial Count  

Total microbial count was evaluated in terms of Total Plate Count (TPC) and Total Yeast and Mould 

Count (TYMC). Figure 4. (a) and (b) presented the total microbial count for pineapple juice samples 

during storage. In TPC, control sample was observed to have a smaller slope (0.2548) compared to 

0.1% sample (0.3491). The values imply that faster rate of bacterial growth was observed in the sample 

with 0.1% lemongrass essential oil compared to the control sample. However, in TYMC, the control 

sample had a larger slope (0.3503) compared to the 0.1% sample (0.1498). This indicated a higher rate 

of yeast and mould growth in the control sample when compared to the sample with the addition of 

0.1% lemongrass essential oil. 

 

(a)                                                                                        (b) 

Figure 4. (a) Total plate count and (b) total yeast and mould count of pineapple juice with 

and without 0.1% lemongrass essential oil 

The difference for both sets of data were significant (P-value < 0.05), implying that the addition 

of 0.1% lemongrass essential oil significantly suppressed the microbial load of pineapple juice, but was 

better at inhibiting yeast and mould than bacteria (if the slopes were to be compared). 

3.5.2. pH Analysis 

Figure 5. presented the increasing pH values of both pineapple juice samples over 5 days of observation. 

At day 0, it was observed that the addition of 0.1% lemongrass essential oil has increased the pH of 

pineapple juice (from 3.73 to 3.83). This was in accordance to the sensory evaluation results performed 

earlier in this thesis work, which indicated that bitter taste was sensed along with the addition of 

lemongrass essential oil. 

pH of both samples was increasing during 5 days of storage time. Similar findings were 

observed (Dhaliwal and Hira, 2001; Cortés et al., 2008; and Del Caro et al., 2004), reported that the pH 

of fruit juices was increased significantly during storage at a refrigerated temperature. pH is one of 

significant quality parameters of fruit juices that indicates the bioactive compound stability. The 

increase in pH value was caused by growth of spoilage microorganisms in fruit juices (Sanchez-Moreno 

et al., 2006) 
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Figure 5. pH of pineapple juice with and without the addition of 0.1% lemongrass essential oil 

The values of both sets of data were not significantly different (P-value < 0.05), which implies 

that the addition of 0.1% lemongrass essential oil was not responsible for the increase of pH in 

pineapple juice. 

3.5.3. Vitamin C Degradation Analysis 

Figure 6. presented the vitamin C content of both samples during 5 days of storage period, which 

showed that the vitamin C content of both samples were degraded during storage. When statistically 

analyzed, the addition of 0.1% lemongrass essential oil to the pineapple juice did not significantly affect 

the vitamin C degradation (P-value > 0.05). 

However, the vitamin C content of the pineapple juice were deteriorated greatly over the 

storage period. The vitamin C content of pineapple juice control sample was degraded by 24.90% 

during storage and had a rate loss of 1.79 mg/100 mL per day. The vitamin C content of the sample with 

0.1% lemongrass essential oil was degraded by 28.69% during storage had a rate loss of 2.11 mg/100 

mL per day. In 2009, Uckiah et al. observed a rate loss of 0.6 mg/100 mL of vitamin C even at a low 

temperature storage. 

 

Figure 6. Vitamin C content (mg/100 mL) of pineapple juice with and without the addition of 

0.1% lemongrass essential oil 

In this study, oxidation was accounted for the great loss of vitamin C during storage period. 

Even though the samples were kept in a glass bottle with rubber stopper, the headspace of the bottle was 

presented with little oxygen (Uckiah et al., 2009), which eventually caused the oxidation of vitamin C 

during storage period. 

3.5.4. Enzyme Activity Analysis  

Figure 7. showed the enzyme activity, expressed as Units/mL of both samples at the beginning and at 

the end of the storage period. At day 0, addition of 0.1% lemongrass essential oil was not synergistic 

with the enzyme activity of pineapple juice. Addition of 0.1% lemongrass essential oil reduced 12.06% 

of enzyme activity of the pineapple juice at day 0, from 1.21 ± 0.02 Units/mL to 1.06 ± 0.08 Units/mL. 
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Figure 7. Enzyme activity (Units/mL) of pineapple juice samples at day 0 and day 5 

According to the findings of Mohan et al. in 2016, the addition of synthetic preservative 

(sodium meta bisulfate) reduced the enzyme activity of pineapple extract from 4.28 ± 0.06 Units/mL to 

1.68 ± 0.06 Units/mL (60.75% reduction) at day 0. The decrease in enzyme activity observed in this 

study is in accordance to the findings of Mohan et al., but the percentage reduction was much smaller. 

The stability of enzyme was evaluated at the end of the storage period. The enzyme activity of 

the control sample was reduced by 29.24% (from 1.21 ± 0.02 Units/mL at day 0 to 0.86 ± 0.02 Units/mL 

at day 5). Furthermore, the enzyme activity of the 0.1% sample was reduced by 34.36% (from 1.06 ± 

0.08 Units/mL at day 0 to 0.70 ± 0.02 Units/mL at day 5). The difference in the percentage reduction 

was 5.13%, indicating that the addition of 0.1% lemongrass essential oil has negatively impacted the 

enzyme stability of pineapple juice.  

4. Conclusions and Recommendations 

4.1. Conclusions 

Based on the antimicrobial activity screening by well diffusion method, the best response for inhibitory 

activity of lemongrass essential oil against E. coli, S. cerevisiae, and A. niger was shown at the highest 

tested concentration (8%). The MIC of lemongrass essential oil in this study assessed by broth 

macrodilution was 0.1%. The addition of 0.1% (v/v) lemongrass essential oil into the pineapple juice 

product has negative impact on the sensory attributes of pineapple juice evaluated in this thesis work. 

The effect of 0.1% addition of lemongrass essential oil into pineapple juice during 5 days of 

storage period was evaluated and the results have shown that lemongrass essential oil significantly 

suppressed the microbial count for both TPC and TYMC during storage period (P-value < 0.5), though 

the initial microbial load was already high. The addition of 0.1% lemongrass essential oil does not 

significantly affect vitamin C degradation and the pH changes during storage period (P-value > 0.5). It 

was found out that the addition of 0.1% lemongrass essential oil was not synergistic with the enzyme 

activity of pineapple juice, by reducing 12.06% of enzyme activity right after the addition, and had a 

negative impact on the enzyme stability of pineapple juice during storage. 

4.2. Recommendations 

Since lemongrass essential oil had a negative impact on the taste, aftertaste, and overall acceptance of 

pineapple juice, further studies are needed to improve the sensorial acceptance. Finally, since 

lemongrass essential oil has shown an outstanding performance as antibiotic and antifungal, lemongrass 

essential oil might be useful for the development of drugs. 
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Abstract: In this research the potential of Pakoba leaf extract to be used as antioxidant and skin 

whitening (anti-melanogenic agent) is investigated. The antioxidant activity of Pakoba leaves 

were studied using DPPH method and the result showed that the 80 percent methanol crude 

extract has strong antioxidant activity with an IC50 value of 22.66 ± 1.02 µg/ml. The aqueous 

fraction of the sample has an IC50 value of 53.30 ± 1.42 µg/ml, followed by n-butanol fraction 

(53.63 ± 1.45 µg/ml) and chloroform fraction (511.54 ± 1.59 µg/ml). The anti-melanogenic 

activity of the crude methanol extract showed IC50 value of 316.56 ± 11.04 µg/ml. Thus, it is 

concluded that crude extract of Pakoba leaves shows good potential as the antioxidant source 

although it does not show good anti- melanogenic activity.  

Keywords: syzygium, pakoba, antioxidant, antimelanogenic  

1. Introduction 

The skin care product m  arket size is increasing from year to year. By 2024, the global skin care market 

is estimated (Bae-Harboc & Park, 2012) to be 180 billion U.S. dollars (Statista, 2018). The demand 

itself has been shifted from older consumers to a growing younger consumer base, where the skin 

lighteners will reach 23 billion U.S dollar and antioxidant product will reach 3.1 billion U.S dollar by 

2020 (Researh Report Insights, 2018). 

Skin is the largest part of the body which has the important role to protect the internal part from 

environment. The color of the skin is caused by the melanin, which is produced from epidermis 

melanocytes surrounded by keratinocyte and regulated by a closed paracrine system (Pillaiyar et al., 

2017). There are two types of melanin: eumelanin (brown-black) and pheomelanin (red-yellow). 

Although melanin is a protective barrier against UV radiation from the sunlight, the melanogenesis can 

create unwanted side effects such as make the color of the skin not evenly distributed or even induce 

hyperpigmentation (Bae-Harboc & Park, 2012). Skin hyperpigmentation is not dangerous for health, 

but it can decrease the aesthetics value of face and body in some populations. 

The melanogenesis process is initiated with the oxidation of L-tyrosine to dopaquinone (DQ) 

by tyrosinase enzyme (Gillbro & Olsson, 2011). After the dopaquinone is produced the synthesis 

pathway will be divided into two parts: eumelanin synthesis and pheomelanin synthesis. To synthesize 

eumelanin, which will make the skin darker, dopaquinone must first be converted to dopachrome. 

Dopachrome is converted spontaneously by tyrosine-related protein-2 (TYRP-2) into 

5,6-dihydroxindole or 5,6-dihydroxindole-2-carboxylic acid, which will be converted again to 

indole-5,6-quinone and indole-5,6-quinone carboxylic acid. Polimerization of these two will produce 

eumelanin. Most of melanin synthesis inhibitors inhibit melanogenesis by inhibiting tyrosinase activity. 

UV radiation can induce skin aging because UV generates reactive oxygen species (ROS). ROS 

is reactive oxygen chemical molecule like peroxide, super peroxide, radical hydroxyl, and singlet 

oxygen. UV light and oxidative stress are the condition where ROS is found excessively in the body, 

and is believed linked to skin disorders (Thiele and Elsner, 2001). 
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According to the website published by Ministry of Environment and Forestry of Republic of 

Indonesia (Nurrani & Tabba, 2012), Pakoba (Syzygium sp) is an endemic plant of North Celebes. It is a 

big tree with height 10 – 20 m, wooden trunk, and a lot of branches and leaves. The wooden trunk is 

usually used for construction, and the fruit can be eaten although the taste is sour. The bark can be used 

as coloring agent for textile products. It is also reported that Pakoba leaf and bark are believed by the 

local people to be a cure for diabetes and cancer (Hidayah & Nurrani, 2017). In general some members 

of Syzygium family contain volatile oils that can be used as medicines. Nevertheless as far as the 

author’s knowledge, Pakoba leaves have not yet been researched as anti-oxidant and tyrosinase 

inhibitor agent.     

2. Materials and Methods 

2.1. Materials  

1,1-Diphenyl-2-picryl hydrazyl (DPPH) (Sigma Aldrich), methanol, aquadest, n-buthanol, chloroform, 

potassium dihydrogen phosphate (Merck), disodium hydrogen phosphate (Na2HPO4) (Merck), 

l-tyrosine (Sigma-Aldrich), mushroom tyrosinase (Sigma-Aldrich), hydroquinone (Sigma-Aldrich).  

2.2. Collection and preparation of Pakoba leaves crude extract 

Sample of leaves were collected from North Celebes in January 2016. Fresh samples were dried using 

oven at 60oC. Samples of 200 g of dried Pakoba leaves were macerated in 2 liter of 80% methanol for 24 

hours at room temperature. The maceration was done twice. After the methanol extract was filtered, it 

was evaporated using rotary evaporator. The extract were then frozen and kept at -20oC until further 

analysis. 

2.3. Liquid-liquid extraction 

Samples of 2.78 g crude extract was diluted by 75 ml aquadest. To the mixture was added 75 ml 

chloroform, mixed in separatory funnel. Then the chloroform layer was taken, continued by the water 

and butanol layer. In the end, there are three fractions: chloroform fraction, butanol fraction, and water 

fraction. These fractions were prepared for further analysis   

2.4. Antioxidant activity test 

The antioxidant activities of the extracts were determined using DPPH method (Proestos et al., 2013). 

First samples were dissolved in absolute methanol and then centrifuged to remove insoluble materials. 

In the Eppendorf tube, 1 ml of DPPH 0.17 mM was added to 0.8 ml sample, and then the mixture was 

vortexed until homogenous. The resulting samples were incubated in the room temperature in dark 

condition for 20 minutes. Color changes were observed and measured using UV spectrophotometer at λ 

517 nm. DPPH and methanol were used as control. Vitamin C was used as positive control. Blanks were 

made using methanol. DPPH Scavenging Effect for the samples were calculated. This assay was done 

for several sample concentrations to get IC50 value. The concentrations used are 8, 16, 32, 64, and 128 

ppm for crude extract, butanol fraction, and water fraction. For chloroform fraction the used 

concentrations are 16, 32, 64, 128, 256, and 1024 ppm. For each sample concentration (for all 

treatments), the experiments were repeated 3 times.    

2.5. Anti - melanogenic activity test 

This test was performed based on the method of Teixeira et al. (Teixeira et al., 2012) with some 

modifications. Pakoba crude extract was made into several concentrations using phosphate buffer 50 

mM pH 6.8. After that, in the Eppendorf tube 140 µL phosphate buffer (50mM, pH 6.8), 120 µL extract, 

and 140 µL L-tyrosine (300 µg/ml) were mixed and then incubated for 5 minutes at 37oC. After that, 40 

µL of tyrosinase enzyme was added and incubated again for 30 minutes at 37oC. Phosphate buffer as 

extract replacement was used as negative control. Hydroquinone was used as positive control. For 

blanks, phosphate buffer was used as tyrosinase enzyme replacement. Color changes were observed and 

measured using UV spectrophotometer at λ 475 nm. This assay was done for several sample 

concentrations to get IC50 value. The concentrations used are 100, 200, 250, 300, 350, 400, 600, 800, 

1000 ppm for crude extract. For each sample concentration, the experiments were repeated 3 times.    
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3. Result and Discussion 

The results of the antioxidant activity experiments are shown in Table 1. In that table, it can be seen that 

crude methanol extract has the best (lowest) IC50, although it is still far above the control positive 

(vitamin C). Vitamin C is of course a very potent antioxidant.  To get a better comparison, a published 

classification of antioxidant potency of an extract is used. Antioxidant activity of an extract can be 

classified as very strong if  IC50 < 50 ppm, strong if IC50  50 – 100 ppm, medium if IC50 100 – 150, weak 

if IC50 150 – 200, and very weak if IC50 > 200 ppm (Agustini et al., 2015). With this classification, the 

crude methanol extract can still be classified into very strong antioxidant. 

Table 1: Antioxidant result 

Extract IC50 Value (ppm) 

Crude methanol extract  22.66 ± 1.02 

Chloroform fraction 511.56 ± 1.59 

Butanol fraction 53.63 ± 1.45 

Water fraction 53.30 ± 1.43 

Vitamin C 8.55 ± 0.02 

From the antioxidant IC50 of further separations of the crude methanol extract (chloroform 

fraction, butanol fraction, and water fraction) in Table 1, that show the IC50 are lower for polar solvent 

fractions, it can be concluded that the antioxidant active compound could be slightly polar to polar in 

nature. The higher value of the IC50 in the butanol and water fraction might be caused by the 

decomposition of the active compound. Antioxidant compounds are known to be easily degraded, for 

example by heating (Xu et al., 2017). The process of separating the crude methanol extract into further 

fractions did indeed involve some heating. Beside high temperature, antioxidants can also be degraded 

by exposure to light, oxygen, and drying, as well as the use of inappropriate solvents (Suryaningrum et 

al., 2006). 

Since the drying process of the Pakoba leaf samples were done using oven, the antioxidant 

active compound might actually be more potent than what is reported in Table 1. Further research using 

freeze-drying method might be able to verify this hypothesis.  

Unfortunately the promising antioxidant activity is not shared by the tyrosinase inhibition 

activity which is shown in Table 2. It can be seen there that the crude methanol extract has large IC50 for 

tyrosinase inhibition, indicating the activity is weak. It is about 100 times weaker than the positive 

control hydroquinone. Since the crude extract has only shown weak activity, further separations will not 

produce better results.    

Table 2: Tyrosinase inhibition 

Extract IC50 Value (ppm) 

Crude methanol extract 316.56 ± 11.04 

Hydroquinone 3.65 ± 0.15  

Although crude methanol extract is much weaker than hydroquinone, it is still comparably 

more potent in tyrosinase inhibition activity compared to some other plant extracts. In a research done 

for several Indian herbs (Vaibhav & Lakshaman, 2012), it was found that the methanol extracts of Aloe 

vera, Azadiracta indica, Lawsonia inermis, Mangifera indica, Nyctanthus arbortistis, Ocimum santum, 

and Trigonella foenum graceum all had tyrosinase inhibition activity less than 50% for extract 

concentration of 1000 ppm. For Pakoba leaves, the inhibition activity was 89.20% for 1000 ppm extract 

concentration. In another research conducted for several local plants in Amazonian forest, the most 

potent leaf extract was found out to be Piranhea trifoliata with IC50 of 318.37 ppm  (Marcini et al., 

2009). Pakoba leaf potency is not much lower than this.  
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Further research with different processing treatment might be beneficial since the active 

compound for tyrosinase inhibition might be easily degraded. This is important since the potent 

whitening agent hydroquinone has a lot of side effects (Singh et al., 2016).   

The bioactivity of plant Pakoba extract has not been researched before as far as the knowledge 

of the authors.  Other members of Syzygium genus which have been researched are Malay apple or 

Syzygium malaccense (Nunes et al., 2016), Jamun or Syzygium cumini (Mohamed et al., 2013) and 

clove or Syzygium aromaticum (Bakour et al., 2018). Nunes et al. (2016) presented the antioxidant 

activity of fruit extract of Syzygium malaccense in percentage of DPPH scavenging effect, expressed in 

unit of mol TEAC (Trolox equivalent antioxidant activity)/ g dry weight. It was shown that the 

methanol extract of the fruit peel extract has higher antioxidant activity than the edible portion extract, 

with mol TEAC / g dry weight 47.22 ± 0.26 and 25.92 ± 0.28 respectively. For Syzygium aromaticum,  

the essential oil is found to be a potent antioxidant with total antioxidant activity (TAC) of 3235.50 ± 

237.40 mg equivalent of ascorbic acid (or vitamin C) / 100 mg essential oil (Bakour et al., 2018). It is 

interesting that the methanol extract of Syzygium cumini leaves have a higher antioxidant activity than 

its methyl chloride extract and essential oil. The DPPH scavenging effect of methanol extract of 

Syzygium cumini leaves is 70.45% for extract concentration of 50 g/ml, compared to the DPPH 

scavenging effect of the methylene chloride extract and essential oil, which are only 64.55% and 

55.87% respectively (Mohamed et al., 2013). Although the antioxidant activity cannot be directly 

compared to Pakoba extract due to different unit of result presentation, it can be seen that all samples of 

Syzygium genus show good antioxidant activities, and methanol extract seems to contain the most 

potent antioxidant agent. This comparison strengthens the argument that methanol extract of Pakoba 

has indeed the potential to become the source of good antioxidant.  

4. Conclusion 

Pakoba leaf methanol extract has been found to have very strong antioxidant activity. The active 

compound for this activity is deduced to be polar, although further research is needed to isolate and 

elucidate the compound. 

As whitening agent, it is found out that Pakoba leaf might not be economically potential. 

Although Pakoba leaf does show tyrosinase inhibitory activity which is more potent than some other 

plant extracts, the potency is still much weaker than the synthetic whitening agent hydroquinone.  
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Abstract: Patients with Diabetes Mellitus have been expanding every year due to the 

population growth, urbanization, aging, and increasing prevalence of obesity. Butterfly Pea 

Leaf (BPL) also known as Clitoria ternatea L. has been investigated for having anti 

hyperglycemic activity toward the blood glucose level of alloxan-diabetic mice. The present 

study was conducted to produce sachets containing powder product from BPL extract through 

spray-drying method in order to increase convenience of storage and distribution process. 

Maltodextrin become a parameter in spray-drying method. Based on preliminary research, the 

most suitable concentration of maltodextrin was 10%. Sachets from BPL extract were 

distributed to 10 diabetic patients from Puskesmas Pulo Armin, Bogor. All patients were treated 

by sachets from BPL extract for around five months. The treatment shows the decreasing level 

of blood glucose from diabetic patients as well as it could keep the blood glucose level remain 

stable in normal range without leading to hypoglycemia. 

Keywords: Diabetes Mellitus, Butterfly Pea Leaf, Maltodextrin, Blood Glucose Level, 

Antihyperglycaemic, Hypoglycaemia. 

1. Introduction 

International Diabetes Federation Western Pacific (2013) stated that there were 382 million people who 

lives with diabetes mellitus worldwide in 2013, with 138 million people live in western pacific area, on 

the condition 46% people are undiagnosed. Indonesia, as one of the countries located in western pacific, 

is one of the top ten countries for number of people with diabetes mellitus (20-79 years old) with total of 

8.5 millions who suffers diabetes mellitus. It is predicted that there will be 55% more patients or 592 

million people living with diabetes mellitus in 2035 worldwide. 

Based on the facts above, researchers are trying to find the best way to find cures and also 

supplements to treat diabetic patients. Medicines and therapies have reduced diabetes until some extent 

(Grover et al., 2002; and Rajagopal and Sasikala, 2008), but besides they are expensive, they have also 

a lot of side effects. Therefore, an affordable and easy-to-get medicine or supplement is needed to treat 

diabetes mellitus.  

 Herbal medicine is one of the answer to attain affordable medicine or supplement nowadays in 

modern medicine. The utilization of herbs and plants for therapeutic or medicinal value can be done by 

using varieties of chemical substances coming from leaves, flowers, stems, berries, and roots of the 

herbs or plants. Butterfly pea (Clitoria ternatea L.), for instance, have been researched as a plant that 

has been used in many treatments for many diseases, including diabetes mellitus (Daisy et al., 2009). 

Butterfly pea is also easy to be cultivated because of its high adaptability skill, especially in tropical 

countries (Conway, 2001).  

The study about extraction of Butterfly Pea Leaf has been done previously in order to find the 

most optimum temperature, time, and pH condition. Those aspects are truly affecting the result of 

extraction. It was extracted to release the active compound (flavonoids and phenols) which is believed 

could treat diabetes mellitus.  The most optimum time of first phase of extraction was 2 hours with 50oC 

of the solution in pH 5.5. The optimum temperature responsible for the contents within butterfly pea 
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leaf extract substance, which are flavonoids and phenols. Then, the extract should be centrifuged for 20 

minutes in 20oC to produce final result of extraction (Tunggal, 2012), Pandjaitan et.al (2014).  

Furthermore, the next study done by Surya (2013), Pandjaitan et,al (2014 ) about the powder 

form of BPL extract found that there is no significant difference or loss of flavonoid and phenol content 

in powder form during a 4-week time span. In other words, solid state of butterfly pea extract is proven 

could maintain the stability of active ingredients. It other words, the powder form is better than the 

aqueous solution in term of stability of active ingredients and life-span. The powder form of BPL 

extract produced through spray-drying method. Spray-drying method could transform the extract 

solution into a powder form. One of the purpose of producing powder form of the extract was to 

improve the convenience of the storage, distribution, and consumption.  

To ensure the benefits of the product, researchers have applied a medication of BPL extract to 

treat diabetes mice or rats. Rats that were treated with BPL extract had shown better activity than rats 

that were treated with butterfly pea flowers (Kumar et al., 2010). Furthermore, Pangestuti (2014) did 

acute toxicity study of BPL extract on mice resulted with the value of the lethal dose was 50 within 

19380.7 mg/kg body weight. According to the result, researcher stated that BPL extract was classified 

as a non-toxic compound. In the same year, besides Pangestuti, Steven (2014) has also proved another 

major benefit of BPL extract which can decrease blood glucose level and increase insulin level. In 

addition, according to the blood hematology and kidney function tests, the consumption of  BPL extract 

had no effect to the blood hematology and the function of kidney. 

In vitro and vivo experiments have been done, thus continuously in vivo experiment is needed 

to be carried out. The target is to treat 10 diabetic patients from one of the clinic (Puskesmas) in Bogor. 

The effect of  BPL extract on diabetic patient will be observed for 20 Weeks.  

2. Literature  Review  

2.1.  Diabetes Mellitus 

Diabetes mellitus is a metabolic disease with a condition of hyperglycaemia – a condition where blood 

glucose level is elevated which resulted at a high level. It is usually associated with the deficiency in the 

secretion insulin or the insulin does not properly function. Diabetes could lead to severe complications 

in the body, making a very serious health threat. Common symptoms are: frequent urination, increased 

thirst, blurry vision, weight loss, and infections (Ekoe et al., 2008). 

2.2.  Butterfly Pea Leaf 

Butterfly pea leaf contains lots of flavonoids, phenols, and other substances, such as 3 monoglucoside, 

3-rutinoside, 3-neohisperidoside, 3-o-rhamnosyl Glycoside, kaempferol-3-o-rhamnosyl, aparajitin, 

beta-sitosterol, and essential oil (Morita et al., 1997). Medicinal values can be gained from butterfly pea 

leaf extract. It has been used for some treatment for instance body aches, infections, urinogenital 

disorders such as burning sensation in urinary tract, and as antidote to animal stings or snake bites (Patil 

and Patil, 2011). 

Leaf extract also showed strong antibacterial activity, antimicrobial activity. Daisy et al. (2009), 

Tunggal (2012) and Pandjaitan et.al (2014) also reported that butterfly pea leaf extract exhibits anti 

hyperglycemic effect in mice. Moreover, aqueous leaf extract of butterfly pea has antioxidant potential 

(Rao et al., 2009).  

2.3. Flavonoids 

Flavonoids are categorized into subclasses based on its chemical structure or characteristic. Only one or 

more individual flavonoids within the subclasses predominate in a specific food. All compounds do not 

occur together.  

Flavonoids are infamous for anti diabetic efficacy (Brahmachari and Gorai, 2006). Numerous 

studies have been carried out to explore the hypoglycaemia  effect of butterfly pea leaf as a treatment for 

diabetes (Matsui et al., 2006; and Daisy et al., 2009). The studies showed that the utilization of 

flavonoid could avoid the glucose absorption or to improve glucose tolerance, so beneficial effects 

against the disease manifestation are exerted. 
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Flavonoids also act as insulin secretagogues or insulin mimetic. It influences pleitropic 

mechanism to decrease diabetic complications. It increases the uptake of glucose in peripheral tissue 

and regulates the activity rate-limiting enzymes that involved in carbohydrate metabolism pathway 

(Brachmachari, 2011). Flavonoids have the ability to preserve β-cell function by reducing oxidative 

stress-induced tissue damage and against the insulin resistance progression to type 2 diabetes.  

2.4. Spray-Dried Butterfly Pea leaf Powder and Its Stability 

Spray drying process was evaluated by Surya (2013) to produce powder from Butterfly Pea Leaf 

extract. Carrier agent was added to the Butterfly pea leaf extract.  The   most   suitable   carrier   agent   

for   spray  drying   was   10%   of concentration from maltodextrin. It results percentage of 66.8%, 

flavonoid percentage and phenol percentage were about 80%. After 4 weeks storage the content of the 

extract was remain stable. 

2.5. Maltodextrin 

Maltodextrin is a starch hydolysates, a non-sweet saccharide polymer that consist of α-D-glucose units 

linked primarily by (1→4) glycosidic linkages with dextrose equivalent (DE) of less than 20. The 

general formula of maltodextrin is [(C6H10O5)nH2O]. Maltodextrin is fully soluble carbohydrates of low 

bulk density in general, it is similar to starch in their metabolic pathway, and therefore in some 

application it is suitable for diabetics (Kennedy et al., 1995). 

Maltodextrin usually serves as coating agent as the particle crust in drying methods. The 

addition of maltodextrin results in high soluble product (Desai and Park, 2004). The solubility depends 

on the DE and the hydrolysis method. High DE value gives similar solubility, bulking and body 

characteristic to corn syrup. While low DE values have binding properties of starch and more effective 

as fat binders. Moreover, it is flavourless, thus it does not mask the flavour of the product (Morris, 

1984). Thus, maltodextrin has been used in various processed foods due to its unique properties. 

2.6. Blood Glucose Test 

Weekly fasting blood glucose tests were proved the effect  from Butterfly Pea leaf extract to the blood 

glucose levels of diabetic patients. The treatment was success fully decreased the majority of blood 

glucose levels of diabetic patients including patients who served as healthy control. Their blood glucose 

level were remained stable in the normal range. It did not lead to hypoglycaemia. The consumption of 

flavonoid in sachet from Butterfly Pea Leaf extract is believed could avoid the glucose absorption or 

to improve glucose tolerance. The increase of insulin levels of diabetic patients justify the statement. 

3.        Methods 

This research consist of two methods which are experimental procedure and medical application. The 

experimental procedure aims to produce good quality of powder product from BPL extract. It is divided 

into two phases; extraction and spray drying. The second step which is medical application aims to 

observe the effect of BPL extract consumption to blood glucose level of diabetic patients. The figure 

below shows the main procedure of the research. 

 

Figure 1. Main procedure of the research 
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3.1. Experimental Procedure 

Consideration in selecting raw material is an important thing to produce good quality product. To 

initiate the experiment, first good quality of fresh BPL were chosen and removed from the stalks. After 

being removed, BPL were washed thoroughly with water to ensure the hygiene. BPL were cut into 

smaller pieces and grounded using a blender with water in ratio 1:3. The next step is extraction. 

The extraction process was conducted for 2 hours at 50oC and homogenized with homogenizer 

to keep the temperature in the range as well as to produce homogenous solution. If the temperature went 

to high, it would break down the content of BPL and affect the result of end product. After 2 hours, the 

solution was filtered with clothes to separate the liquid with supernatant. The extraction process does 

not finish yet. Centrifugation was conducted in a certain time and speed in order to obtain pure extract 

from BPL. In this research, centrifugation was done at 20oC, 7000 rpm, for 10 minutes. The extract of 

BPL was then tested for its phenolic and flavonoid compounds. The second phase of experimental 

procedure is spray drying. Spray drying was conducted to produce powder product of BPL extract. 

Before the process has begun, 10% of maltodextrin was added to the extract. 

3.2. Treatment program 
 
The treatment will be done in 20 weeks. 

1. Before the treatment begins, blood glucose test is done and body weight is measured. 

2. Each patient will be given sachet of butterfly pea leaves extract powder twice a day: before lunch 

and before dinner. The powder is diluted in 200cc water. A supervisor for daily taking will check 

whether the patient has consumed the extract. 

3. The treatment is divided into 4 parts: 

a. Part I (Week 1 – week 3)         : Extract powder ( 2 sachet ) + medicine 

b. Part II (Week 4 – week 6)      : Extract powder with higher dosage than part I (3 sachet ) + ½ 

dosage of the medicine 

c. Part III (Week 7 – week 20)     : Extract powder with higher dosage than part II ( 4 sachet ) 

d. Part IV (Week 21 – week 25)  : no extract powder or medicine is given 

3.3. Flavonoid content analysis 

This test was conducted in the chemistry laboratory in Swiss German University and divided into 

several steps which are: 

1. There were two kind of sample must be analysed on this research which are  liquid and powder 

extract. The Butterfly Pea Leaf liquid extract was diluted in distilled water with a ratio 1:24. As 

for measuring total flavonoid content in the powder sample, 1 gram of powder was first dissolved 

in 100 ml of distilled water and homogenized with magnetic stirrer for 10 minutes, then followed 

the same steps as the measurement of liquid samples.  

2. In a test tube, 0.5 ml of sample were mixed with 1.5 ml of methanol and then brought to a vortex. 

For the blank sample, 0.5 ml of sample was substituted with 0.5 ml of distilled water.  

3. 0.1 ml of aluminium chloride 10% added and mixed using a vortex.  

4. 0.1 ml of 1 M potassium acetate added followed by the addition of 2.8 ml of distilled water, and 

put into a vortex to make homogenous solution.  

5. The mixtures will be incubated for 30 minutes at room temperature and measured at 415 nm using 

a UV-Vis Spectrophotometer. 

4. Results And Discussion 

4.1. Fasting Blood Glucose Levels Analysis 

People with high level of blood sugar are diagnosed with Diabetes Mellitus. The defficiency of pancreas 

in producing insulin or the condition where insulin does not properly function are the cause of Diabetes 

Mellitus. Normal fasting blood glucose level ranging from 70-120 mg/dL. All patients were treated with 

sachet from Butterfly Pea Leaf extract and fasting blood glucose test were done every 2 weeks with 

glucometer to see the effect of the sachet . Fasting blood gluoce test considered as an simple way to 
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complete the observation of patients blood glucose levels during the treatment. Patients were asked to 

fasting at least 5 hours before the test to maximize the result. Blood glucose levels of each patient can be 

seen in Figure 2. 

 

Figure 2. Controlled Diabetes Patient 

The graph above illustrates the blood glucose level of controlled diabetic patient (5 People)  

within 15 weeks. It can be clearly seen that the level of blood glucose is remaining stable without any 

consumption of medicine including the Butterfly Pea Leaf extract. The result of blood glucose test 

authenticates the total recovery of patients from diabetes. 

 

Figure 3. Uncontrolled Diabetes Patient 

Uncontrolled Diabetic Patient (8 People) grouped as a patient who is regularly consumed a 

medicine from the doctor, but the blood glucose level remains out of the normal range (70 – 120 mg/dl). 

Treatment with Butterfly Pea Leaf extract apparently also did not show the decrease of blood glucose 

level. From this case, it can be concluded that the patient needs another kind of treatment that can lower 

the blood glucose level, furthermore could repair and optimizing the work of the pancreas.  

From Figure above, it can be clearly seen that blood glucose level of each patient from the first 

week until last week of the treatment are fluctuative. It proves that the treatment of sachet from 

Butterfly Pea Leaf extract affect their blood glucose level and did not cause hypoglycaemia. After the 

treatment, fasting blood glucose level of 5 patients remained stable in thenormal range. The 
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consumption of sachet from BPL extract can be assumed could replace the medicine that the patients 

already consumed. 

Figure 2 and 3 shows the average of fasting blood glucose levels of diabetic patients during the 

treatment. It reflects the consumption of flavonoid in capsules from Butterfly Pea Leaf extract 

succesfuly decreased blood glucose levels. Flavonoid is believed could avoid the glucose absorption or 

to improve glucose tolerance. 

Flavonoids also act as insulin secretagogue or insulin mimetic. It influences pleiotropic 

mechanism to decrease diabetic complications. It increases the uptake of glucose in peripheral tissue 

and regulates the activity rate-limiting enzymes that involved in carbohydrate metabolism pathway. 

Flavonoids have the ability to preserve β-cell function by reducing oxidative stress-induced tissue 

damage and against the insulin resistance progression . 

5. Conclusion 

The used of sachet as the end product of BPL extract is believed could maximize the convenience of 

distribution, storage, and consumption. Those products from BPL extract were distributed to 10 diabetic 

patients in Puskesmas Pulo Armin, Bogor. All patients were treated for 20 weeks and their blood 

glucose level were tested every two weeks in order to observe the blood glucose between before, during, 

and after the treatment. As a result, the consumption of sachets from BPL extract affect the blood 

glucose level of diabetic patients. It successfully decreased the majority of diabetic patients. Besides, it 

also keep the blood glucose level remain stable in normal range without leading to hypoglycemia even 

though patients consume it continuously. Different with some patients who still have blood glucose 

level higher than the normal range but during the treatment, the blood glucose level gradually decreased 

to the normal range. Every person has a different way and a different period of time to react with foreign 

materials in this case BPL extract. Thus, some people might needed a longer period to adapt to BPL 

extract until it can successfully fall the blood glucose level into the normal range. 
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Abstract: Eichhornia crassipes is well-known as water hyacinth. Water hyacinth grows rapidly 

in the nutrient-rich water and high light intensity places. The uncontrollable growth of water 

hyacinth has caused many negative impacts to the environment. For instance, interrupted water 

transport and decreased population of aquatic lives. The capacity of utilising water hyacinth is 

slower than water hyacinth growth and water hyacinth is still considered as a threat to the 

ecosystem. This work was focused on the study of the pharmacological activity and heavy metal 

content of water hyacinth in Lake Cipondoh, Tangerang. Fresh water hyacinth was pre-treated 

through oven-drying and milling process. After that, each part of the plant was macerated by 

using multiple extraction method with 96% ethanol/water and three variations of 

sample-to-solvent ratios (1:30, 1:50, and 1:75 w/v). The result of the experiment showed that 

water hyacinth leaves produced an extract with lowest IC50 (55.76 ± 6.73 ppm) compared to 

other parts. The most optimum solvent used to achieve this result was 96% ethanol/water (1:1 

v/v). In order to obtain the lowest antioxidant activity, the sample to solvent ratio used was 1:50 

and the heavy metal in the extract was very low. With this result, it was concluded that there is a 

promising opportunity to apply the water hyacinth growing in Lake Cipondoh, Tangerang as 

herbal medicine ingredient. Through this utilization, the overall number of water hyacinth in 

Indonesia can be reduced or at the least be controlled, so that the environmental problem caused 

by this plant can be minimized. 

Keywords: Water hyacinth, phenolic content, heavy metal content, phytochemicals, 

antioxidant activity 

1. Introduction 

1.1. Eichhornia crassipes 

Eichhornia crassipes is well-known as water hyacinth (WH) or Eceng Gondok in Indonesia. Water 

hyacinth is a tropical and sub-tropical South America aquatic macrophyte plant which belongs to the 

family Eichhorniacae. The attractive six petals of blue-violet flowers, it has spread worldwide through 

botanical gardens (Silva, de Melo, Silvestre, & Silva, 2015). This plant is known as one of the world’s 

worst aquatic weed due to its rapid growth in lakes and rivers in which there are adequate amount of 

nutrients in the water and sunlight (Gichuki, et al., 2011). Through sexual reproduction, E. crassipes 

produces seeds which could remain up to thirty years (Adeyemi & Osubor, 2016) and caused 

environmental degradation such as blockage of waterways, obstruct navigation and loss of biodiversity 

(Ndimele & Jimoh, 2011). 
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Figure 1. Water Hyacinth from Lake Situ Cipondoh, Indonesia. 

Most of the 500 lakes in Indonesia have been covered with water hyacinth for years. For 

instance, Lake Rawa Pening in Semarang with an area of 2.670 Ha is one out of 500 lakes where water 

hyacinth has grown out of control and has caused many negative impacts to the environment and the 

society near the lake. Water hyacinth has grown out of control and has been interrupting water transport, 

power and tourism activity. Even more, it has decreased the population of aquatic lives in the lake. In 

2002, 20% - 30% of the lake surface were covered by water hyacinth. In 2016, 60% of the surface area 

of the lake has been covered and contributed to at least 150.000 m3 of sedimentation (Utomo, 2017).  

In order to deal with water hyacinth growth, various approaches have been carried out. 

Scientific studies indicate water hyacinth has the ability to absorb heavy metals from water body, 

animal feedstock and alternative fuel source (Ndimele & Jimoh, 2011). The absorbed heavy metals are 

accumulated in roots, stems and leaves. The extracts of distinct parts of E.crassipes show it contains 

phenolic compounds and exhibits good antioxidant activity (Surendraraj, Farvin, & Anandan, 2013). 

Each place where water hyacinth grows has different distribution of heavy metals, different activity of 

antioxidant. So far, no studies of E. crassipes in Lake Situ Cipondoh, Tangerang, Indonesia have been 

done. 

1.2. Objective 

The aim of this research is to find out whether water hyacinth can be used as one of many 

pharmaceutical or food ingredients. The main objective of this research were to: (a) develop an 

optimum extraction method which maximises the pharmacological activity and minimises the heavy 

metal content of water hyacinth; (b) study the pharmacological activity such as antioxidant activity 

water hyacinth extract; and (c) study the heavy metal content of water hyacinth powder and extract 

which are obtained from each water hyacinth parts. 

2. Materials and Methods 

2.1. Chemicals 

For the extraction of antioxidant activity, the chemicals needed were ethanol (Mallinckrodt, United 

Kingdom), 2,2-Diphenyl-1-Picrylhydrazyl hydrate (DPPH) (Sigma-Aldrich, USA).  

2.2. Raw Materials 

Water hyacinth was collected from Lake Situ Cipondoh, Tangerang, Indonesia in February 2018. The 

collected water hyacinth was washed and separated into roots, stems and leaves. All the separated parts 

were oven-dried at 45oC for 24 – 48 hours until the moisture content below 10% was recorded. Then, 

the dried water hyacinth was milled by using food processing miller. Water hyacinth which was passed 

through 60 mesh sieves with an opening of 250 µm was collected and stored at room temperature until 

extraction.  
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2.3. Maceration Extraction 

Maceration extraction was performed for each part of E. crassipes. The extractions were carried out in 

duplicate and the powder from each parts of water hyacinth were extracted with the mixture of 96% 

ethanol/water (1:1, v:v) and 3 different sample-to-solvent ratios (1:30, 1:50, 1:75). 

2.4. Multiple Stage Solid – Liquid Extraction 

Following the work done by Surendraraj, Farvin, & Anandan (2013), multi-stage extraction was used to 

extract all water hyacinth plant parts by using ethanol and water. The mixture of 96% ethanol/water and 

two different concentrations of the solvent were added to the sample preparation. 

For the preparation of the 96% ethanol/water (1:1, v:v or 50 mL : 50 mL) extract with 

sample-to-solvent ratio of 1:30, 5 grams of powdered water hyacinth was extracted with 50 mL of 96% 

ethanol/water at room temperature for a day. It was then centrifuged at 11,000 rpm for 10 minutes. The 

supernatant was filtered. Under the same condition, the residue was re-extracted two times. All extracts 

were later combined.  

The extraction steps were repeated for different sample-to-solvent ratio, which were 1:50 for 3 

grams in 50 mL 96% ethanol/water and 1:75 for 2 grams in 50 mL 96% ethanol/water. These extracts 

from different sample to solvent ratios were analysed of its total antioxidant activity by using UV-VIS 

Spectrophotometer. 

2.5. Antioxidant Activity of The Extracts of E. crassipes 

Antioxidant activity in the extracts was assessed by using 2,2-diphenyl-1-picryhydrazyl (DPPH), 

following Surendraraj, Farvin, & Anandan (2013)method with modification. DPPH solution (500 µL, 

0.25 mM in ethanol) was mixed with 500 µL of extract (at four different concentrations). The mixture 

was shaken and kept at room temperature for 30 min. The absorbance was measured at 517 nm using an 

UV-Vis spectrophotometer and compared with a control without extract and the assays were carried out 

in duplicate. For the blank, 500µL water was mixed with 500 µL 96% ethanol. While for sample 

control, 500 µL of 96% ethanol was mixed with 500 µL of DPPH. The IC50 of the samples is compared 

with ascorbic acid which acts as a standard. The antioxidant activity (AA) or scavenging activity was 

expressed as percentage inhibition of DPPH radical. 

                        (1) 

where, abssample is absorbance of sample and abscontrol is absorbance of sample control. 

2.6. Heavy Metal Analysis of E. crassipes Powder and Extracts 

2.6.1. Arsenic (As) and Mercury (Hg) Concentration 

Arsenic and mercury stock solution (1000 ppm) was diluted into 100 ppb arsenic and mercury standard 

solution. A standard series for arsenic and mercury solution 1, 3, 5, 7 and 10 ppb were made by mixing 

with HNO3 0.5N.  0.3 – 0.5 mg of the sample was weighed and added with 9 mL of HNO3 p.a. and 1 mL 

of H2O2 p.a. were added and put into Teflon vessel. This solution was allowed to stand for 10 minutes 

and then, it was heated in microwave digestion for ±30 minutes. After the microwave digestion was 

cooled down, the sample solution was moved into 100 mL volumetric flask and filtered using filter 

paper no.41. 25 mL of the filtered solution was pipetted and mixed with 2 M HCl 8M and 0.1 mL KI 

20%.  

By using Atomic Absorption Spectrophotometer GBC HG 3000, for arsenic analysis, the 

standard and the sample were measured at 193.7 nm with condition: the fuel is 1.2 – 1.3 L/min, smallest 

flame, NaBH4 as reductor and HCl 3M as acid. The sample concentration (mcg/L) was calculated based 

on arsenic standard solution’s linear regression y = mx + c. So, Arsenic concentration can be calculated 

with the following equation: 

             (2) 
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where, C is sample concentration reading (mcg/L), V is volumetric Flask Volume (L), DF is 

dilution factor, and W is sample weight (g). 

Meanwhile, for mercury analysis, By using Atomic Absorption Spectrophotometer GBC HG 

3000, the standard and the sample were measured at 253.7 nm with condition: no flame (using cold 

vapour technique), NaBH4 as reductor and HCl 3M as acid. The sample concentration (mcg/L) was 

calculated based on mercury standard solution’s linear regression y = mx + c. So, Arsenic concentration 

can be calculated with Equation (2). 

2.6.2. Lead (Pb) and Cadmium (Cd) Concentration 

Lead and cadmium stock solution (1000 ppm) was diluted into 10 ppb lead and cadmium standard 

solution. A standard series for lead solution 0, 0.5, 1, 2, 3 and 5 ppb, and cadmium solution 0, 1, 3, 5, 7 

and 10 ppb were made by mixing with HNO3 0.5N.  0.3 – 0.5 mg of the sample was weighed and added 

with 9 mL of HNO3 p.a. and 1 mL of H2O2 p.a. were added and put into Teflon vessel. This solution was 

allowed to stand for 10 minutes and then, it was heated in microwave digestion for ±30 minutes. After 

the microwave digestion was cooled down, the solution was moved into 100 mL volumetric flask. 5 µL 

of matrix modifier Mg(NO3)6. 6H2O 0.7% were added to the sample solution.  

By using Atomic Absorption Spectrophotometer GF, the standard and the sample were 

measured at 228.8 nm for cadmium and 217.0 nm for lead. The sample concentration (mcg/L) was 

calculated based on lead and cadmium standard solution’s linear regression y = mx + c. So, lead and 

cadmium concentration can be calculated with the following equation: 

                           (3) 

where, c is sample concentration reading (mg/L), v is volumetric flask volume (L), DF is 

dilution factor, and W is sample weight (g). 

3. Results and Discussions 

3.1. Antioxidant Activity 

 

Figure 2. IC50 of WH Part in Different Ratios 

While 96% ethanol/water had been chosen as the solvent to analyse antioxidant activity. A lower 

half-maximal Inhibition Concentration (IC50) means higher antioxidant activity. From Figure 2,the 

extraction with ratio 1:30, the lowest IC50 was found in WH leaves and followed by WH stems and 

roots. As same as ratio 1:30, the lowest IC50 in ratio 1:50 and 1:75 was found in WH leaves and followed 

by WH stems and roots as well. Overall, the lowest IC50 was obtained in WH leaves of ratio 1:50. 

Because not all phenolic compounds are phenolic antioxidants. Hence, different phenolic antioxidant 

may vary. 
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3.2. Heavy Metal Content 

Based on the results obtained by using Atomic Absorption Spectrophotometer, the heavy metal content 

(Pb, Cd, As, Hg)  in WH leaves, stems and roots powder were not detected or there was only a small 

amount of heavy metal content. The same case happened to the 96% ethanol/water extract of WH 

leaves, stems and roots. Heavy metal content was not detected. The limit of detection of of lead (0.012 

mg/kg), cadmium (0.004 mg/kg), arsenic (0.028 mg/kg) and mercury (0.013) by the Atomic Absorption 

Spectrophotometer were all below the maximum standard of heavy metal content established by WHO 

(2007)and BPOM-RI (2014). Hence, the extracts can be used as pharmaceutical ingredients such as 

herbal medicine. 

The low concentration of heavy metals could be due to the good environment in Lake Situ 

Cipondoh. Besides, heavy metals in plants usually chelated by metal chelator inside the plant. This is 

called as metal-chelate complexes. 

4. Conclusion 

In this research, it is shown that water hyacinth from Lake Situ Cipondoh, Tangerang has high 

antioxidant activity by drying at 45oC. Water hyacinth leaves of 96% ethanol/water extract with mass to 

solvent ratio of 1:50 has the lowest IC50 (55.76 ± 6.73 ppm). The heavy metals in all WH powder and 

96% ethanol/water extracts were very low. 
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Abstract: Diabetes is a chronic disease characterized by elevated blood glucose level. 

Reducing carbohydrate absorption from the intestinal tract is an effective strategy to control 

post-meal blood glucose level. Inhibition of intestinal α-glucosidase, involved in digestion of 

carbohydrates, is known as an approach to accomplish this. On the other hand, reduction of 

α-glucosidase amount is expected to work in the similar manner. However, none of the previous 

study pursues this approach. A convenient assay was developed to evaluate α-glucosidase 

amount employing Caco-2 cells, the intestinal epithelial cell model reported to express 

α-glucosidase. Sixty plants were screened and two candidate plants, Calluna vulgaris and 

Perilla frutescens var. crispa were found to reduce α-glucosidase expression. C. vulgaris 

extract was subjected to activity guided isolation. Proanthocyanidin was identified as the active 

principle which was analyzed by thiol decomposition to reveal the components as a mixture of 

catechin, epicatechin, epigallocatechin, and A type procyanidin dimer. The proanthocyanidin 

suppressed about 30% of α-glucosidase amount evaluated through convenient assay, and 

suppressed bulk of mRNA expression level of sucrase-isomaltase (SI) at 0.125 mg/mL. Several 

flavan-3-ol monomers were also tested, and epicatechin gallate and epigallocatechin gallate 

were found to suppress α-glucosidase amount significantly.  

Keywords: diabetes, α-glucosidase, Caco-2 cells, proanthocyanidin 

1. Introduction 

Twelve-percent of global health expenditure is spent on diabetes, which 1 in 11 adults on the earth is 

estimated as the patient (IDF diabetes atlas 8th Ed., 2017). Diabetes is a chronic disease that occurs 

when the body cannot produce enough insulin or cannot use insulin effectively. Inhibition of α-amylase 

and α-glucosidase, the carbohydrate digestive enzymes, is a widely accepted method to prevent or treat 

diabetes. Treatment with acarbose, the well-known α-glucosidase inhibitor, before or during the meal 

effectively decreases post-meal blood glucose level. 

On the other hand, reduction of the intestinal α-glucosidase amount will also suppress 

post-meal blood glucose level, and may also be effective for treating diabetic patients and people at risk 

of developing type 2 diabetes. This approach has several advantages, for example, reduction of the 

intestinal α-glucosidase amount is an effect toward the intestinal cell, which is assumed to sustain until 

intestinal cell turnover, or a re-production of α-glucosidase by the cell, that is at least longer than the 

α-glucosidase inhibitors. In addition, the product does not require to take along with a meal.  

Some study has shown the possibility to regulate α-glucosidase expression. A diet rich in 

carbohydrates leads to intestinal expression of genes related to α-glucosidase expression (T. Goda et al. 

2018). Caco-2 cell, which is frequently used as an intestinal cell model, is also reported to respond to 

glucose and maltose to change the amount of α-glucosidase (M. Cheng et al. 2013). Additionally, 

berberine suppresses mRNA expression of intestinal disaccharides on Caco-2 cell and also in the small 

intestine of rats (L. Liu et al. 2010). However, not much previous study has focused on reducing the 

α-glucosidase amount to treat diabetes up to date. Therefore, a convenient method was developed to 

evaluate α-glucosidase amount expressed by Caco-2 cells, and used for searching natural products that 

suppresses the expression. 
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2. Materials and Methods 

2.1. Materials 

The plant materials used in the study were purchased from Hyakka-Saen Co. Ltd. Caco-2 cell was 

obtained from Riken Bio Resource Research Center (Tsukuba, Japan). All commercially available 

chemicals were purchased from FUJIFILM Wako Pure Chemical Co. (Osaka, Japan), unless otherwise 

noted. For the LC-MS analysis, Waters Acquity UPLC system (Water Co., Milford, USA) was 

combined with LCT-premier (Water Co., Milford, USA). Absorbance was measured by SynergyTM 

MX (Bio-tech Instruments Inc., Winooski, USA) microplate reader. 

2.2. Methods 

2.2.1. Cell culture 

Cells were maintained in 10 cm dishes (NIPPON Genetics Co.Ltd) in a standard culture medium at 

37°C in a humidified atmosphere of 10% CO2. The standard culture medium consisted of Eagle's 

minimal essential medium supplemented with 20% fetal bovine serum, non-essential amino acids, 

100,000 U/L penicillin, 100 mg/L streptomycin, and 50 mg/L gentamycin. For experiments, cells were 

seeded onto 96 well plate (NIPPON Genetics Co.Ltd). After cells reached 100% confluence (typically 5 

days after seeding), cells were grown for further 15 days. Media was replaced every 4 days. 

2.2.2. Caco-2 cell assay to measure reduction of α-glucosidase amount 

Samples were dissolved in 50% aq. dimethylsulfoxide (DMSO), diluted with standard culture medium, 

and added to the cells. DMSO concentration was kept below 0.5%, and the same concentration of 

DMSO was used as a control. After 2 days incubation, the cells were carefully washed by KRPH buffer 
(20 mM HEPES, 5 mM KH2PO4, 1 mM MgSO4, 1 mM CaCl2, 136 mM NaCl, 4.7 mM KCl, pH 7.4) to 

completely remove the samples, and 0.1 mM 4-methylumbelliferyl α-D-glucopyranoside solution was 

added as a substrate. Fluorescens (Ex365 nm, Em448 nm) of the released aglycon is measured every 5 

min for 30 min. Reduction of α-glucosidase amount was estimated by comparing the reaction rate of the 

sample treated cells with the control cells. 

2.2.3. Extraction and Analysis of mRNA 

Cells were washed with phosphatase-buffered saline (PBS), and the total RNA was isolated using 

ReliaPrep RNA Cell Miniprep System (Promega KK., Tokyo, Japan). The total RNA was reverse 

transcribed to generate first-strand cDNA using M-MLV Reverse Transcriptase (Promega KK., Tokyo, 

Japan). Real-time quantitative PCR (RT-qPCR) was performed using Gene Ace SYBR qPCR Mix α No 

ROX (Nippon Gene Co., Ltd., Tokyo, Japan) with a Thermal Cycler Dice TP800 (Takara Inc., Shiga, 

Japan). Relative mRNA expression level for each sample was normalized to that of GAPDH. Following 

primers were used. SI forward 5’-TCTTCATGAGTTTTATGAGGATACGAAC-3’, reverse 

5’-TTTGCACCAGATTCATAATCATACC-3’; GAPDH forward 

5’-CCTGTTCGACAGTCAGCCG-3’, reverse 5’-CGACCAAATCCGTTGACTCC-3’ (BL. Williams 

et al. 2011). 

2.2.4. Extraction and Analysis of Protein  

Cells were washed with ice cold PBS and lysed in SDS sample buffer supplemented with 0.05 M 

dithiothreitol. The protein concentration was measured using XL-Bradford (APRO Science Inc., 

Tokyo, Japan) with bovine serum albumin as the standard. Extracted proteins were denatured by 

heating at 95°C for 5 min. The prepared protein samples (10 µg) were separated using 7.5% (w/v) 

polyacrylamide gel. Separated proteins were electro-transferred onto PVDF membranes with 

Trans-blot SD Cell at 15 V for 30 min. The membrane was then blocked with 5% (w/v) skim milk in 

TBS-T (Tris buffered saline containing 0.1% Tween-20) for 1 h at room temperature. The membrane 

was subsequently incubated with primary antibody for 2 h at room temperature and then with 

HRP-conjugated secondary anti-body for 1 h at room temperature. Antibodies used for the immunoblot 

were goat Sucrase-Isomaltase antibody (dilution 1:100, sc-27605), and anti-goat IgG HRP-linked 

antibody (1:2000, sc-2020) purchased from Santa Cruz Biotechnology, Inc. (Dallas, USA), or mouse 

beta-actin antibody (1:1000, #3700), and anti-mouse IgG HRP-linked antibody (1:2000, #7076S) 
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purchased from Cell Signaling Technology, Inc. (Danvers, USA). The antigen-antibody complexes 

were then visualized using ImmunoStar® Zeta (FUJIFILM Wako Pure Chemical Co., Osaka, Japan). 

The luminescence intensity was quantified using Image J software. 

2.2.5. Isolation  

Dried C. vulgaris buds (100 g) were extracted with 50% aq. methanol for 24 h. The extract (11.5 g) was 

dispersed in water and partitioned between ethyl acetate and then between 1-butanol. The 1-butanol 

layer (2.59 g) was concentrated and the residual aq. solution was separated by DIAION HP-20 

(Mitsubishi Chemical Co., Tokyo, Japan) column chromatography with stepwise elution (water, 50% 

aq. methanol, and methanol). The 50% aq. methanol eluate (1.48 g) was separated by Sephadex LH-20 

(GE Healthcare Japan Co., Tokyo, Japan) column chromatography with stepwise elution (20% aq. 

methanol, 40% aq. methanol, 60% aq. Methanol, 80% aq. methanol, methanol). The 80% aq. methanol 

fraction was finally purified by HPLC (Inertsil ODS-3, 15-50% methanol aq. with 0.1% TFA 0-90 min) 

to obtain CV-P. 

2.2.6. Thiolysis 

CV-P (1 mg) was dissolved in 0.1 M hydrogen chloride in methanol (183 μL), and benzyl mercaptan (5 

μL) was added. The mixture was stirred for 90 min at 40°C. The reaction mixture was dried and 

analyzed by HPLC and LC-MS. The peaks were identified by comparing with the retention time of the 

standards and from the MS spectrum. The ratio of each compound was estimated from the peak area 

after adjustment using commercial catechin, epicatechin, epigallocatechin, epicatechin gallate, and 

epigallocatechin gallate as a standard.   

3. Result and Discussion 

3.1.   Search for resources that suppress α-glucosidase amount 

For the evaluation of resources that suppress α-glucosidase amount, Caco-2 cell was employed as a 

model of an intestinal epithelial cell which is reported to expresses α-glucosidase when differentiated 

(Z. Liu et al. 2010). Samples were added to Caco-2 cell and the α-glucosidase amount expressed by 

Caco-2 cell was quantitated to evaluated α-glucosidase amount reducing activity. To enhance the 

throughput of the screening, the α-glucosidase amount expressed by Caco-2 cell was monitored from 

the reaction rate of α-glucosidase instead of quantitating the protein, since the reaction rate correspond 

to the α-glucosidase amount. 

Employing the above method, 60 plants were screened to find C. vulgaris and P. furtescens as a 

candidate plants that show effective α-glucosidase amount reducing activity. These plant extracts 

suppressed α-glucosidase amount in a concentration dependent manner without cytotoxicity (Figure 1). 

To confirm the result, α-glucosidase mRNA expression and protein level were quantitated. 

Sucrase-isomaltase (SI), one of the intestinal α-glucosidase complexes, plays a main role in 

α-glucosidase activity of Caco-2 cell. Treating cells with the plant extracts for 2 days significantly 

reduced Sucrase-isomaltase (SI) at mRNA and protein level (Figure 2). 

 

Figure 1. P. crispa and C. vulgaris extracts suppressed α-glucosidase amount in a dose 

dependent manner (right). The extracts did not show cytotoxicity (left). Black bar indicates 

P.crispa, the white bar indicates C.vulgaris. *p<0.05 to control. 
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Figure 2. P. crispa and C. vulgaris extracts suppressed α-glucosidase mRNA expression (left) 

and protein (right) level. *p<0.05 to control.  

3.2. Purification of active principle 

C. vulgaris extract was subjected to activity guided fractionation to isolate α-glucosidase amount 

reducing principle. Chromatographic purification gave the active principle (CV-P) which was identified 

as a proanthocyanidin from the NMR and HPLC analysis. 
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Figure 3. Thiolysis analysis of CV-P 

Thiolysis of CV-P was performed to determine the flaven-3-ol units constituting CV-P and 

estimate the degree of polymerization. After the thiolysis, the reaction mixture was analyzed by 

LC-MS, and the compounds were identified. CV-P contains catechin, epicatechin, epigallocatechin, 

and A type procyanidin dimer with mean degree of polymerization estimated to be 10.6 (Figure 3).  

3.3. Evaluation of the α-glucosidase suppression activity of CV-P 

When added to Caco-2 cells, CV-P suppressed α-glucosidase amount up to 29% compared to control 

(Figure 4). CV-P also suppressed SI mRNA expression in concentration dependent manner between 

25-100 μg/mL.  

To evaluate if the polymerization of flaven-3-ols is important for the activity, several 

monomers were also tested for their α-glucosidase suppression activity (Figure 5). Although monomers 

of CV-P didn’t show significant activity, epicatechin gallate and epigallocatechin gallate were found to 

suppress α-glucosidase amount significantly which was also confirmed from decreased mRNA 

expression (Figure 5).  

The effect of proanthocyanidin to prevent the development of hyperglycemia in diabetic obese 

mice is reported (M. Tomaru et al. 2007). Several reports may support the mechanisms to explain this 

effect. Intake of proanthocyanidin oligomers stimulates glucagon-like peptide-1 and insulin secretion in 

mice (Y. Yamashita et al. 2013). In vitro inhibition of dipeptidyl peptidase-4 by proanthocyanidin from 

grape seed is reported (N. Gonzàlez-Abuín et al. 2012). Pancreatic α-amylase inhibition by 

proanthocyanidin is also reported (E. Kato et al. 2017). The current finding of CV-P to reduce 

α-glucosidase amount can be an additional bioactivity to support the value of proanthocyanidin to 

prevent and treat diabetes. 

 
Figure 4. CV-P suppresses α-glucosidase activity (left) and SI mRNA level (right). *p<0.05 

to control.  
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Figure 5. Catechin gallate body suppresses α-glucosidase activity (left) and SI mRNA(right). 

Sample concentration was 100 µg/mL. *p<0.05 to control. 

4. Conclusion 

Amount of α-glucosidase was targeted as the novel strategy to treat or prevent diabetes. 

Proanthocyanidin in C. vulgaris (CV-P) was found to reduce α-glucosidase amount of Caco-2 cells and 

also suppressed Sucrase-Isomaltase (SI) mRNA gene expression. Epicatechin gallate and 

epigallocatechin gallate were found to reduce α-glucosidase amount significantly which was also 

confirmed by decreasing mRNA expression. 

Although the experiments are in vitro, these results also suggest that the 2 plants and the 

compounds found here can be re-evaluated as a new-functional food and/or medicinal resources against 

diabetes through reducing α-glucosidase amount. 
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Abstract: Common in vivo probiotic delivery through oral gavage may result in esophageal 

injury as well as restraint-associated-distress particularly with repeated application. To 

overcome the issue, in this study, Lactobacillus fermentum E5 was embedded in sodium 

alginate-chitosan capsules and incorporated with commercial mice fodder. The survival of 

probiotic following various procedures and storage was evaluated. More than 90% of viable 

cells were successfully recovered from fresh microcapsules and 95% of the encapsulated 

probiotics survived freeze drying process. Furthermore, the encapsulated cells exhibited 

survivability of more than 85% after 28 days storage period at 4°C and room temperature. 

Reformulation of mice fodder was done by crushing the commercial pellet, adding encapsulated 

probiotic, mixing, re-pelleting using 3% (v/v) sodium alginate solution as binder. After storing 

at room temperature, almost 80% of encapsulated L. fermentum E5 in mice fodder survived. 

Keywords: Lactobacillus fermentum, mice fodder, microencapsulation, reformulation  

1. Introduction 

Since the interest of consumers in food products containing probiotics has risen, the number of study 

related to the subject has been growing rapidly (Jankovic et al., 2010). Probiotic was defined as ‘a live 

microbial feed supplement which beneficially affects the host animal by improving its intestinal 

microbial balance’ (Fuller, 1989). Lactic acid bacteria (LAB) is one of the most widely used probiotics 

in fermented foods, and many of them are considered as Generally Recognize as Safe (GRAS) 

(Alvarez-Sieiro et al., 2016). In human, LAB could be found in the oral cavity, gastrointestinal tract, 

and in the vagina (Duar et al., 2017). 

Recent studies on LAB confirmed their health benefits in the prevention and treatment of 

inflammatory bowel disease and other related disease (Saez-Lara et al., 2015). Among the LAB, 

Lactobacillus fermentum has been reported for its ability to confer health benefit on host. Aoudia et al. 

(2015) found that feeding zebrafish embryos with L. fermentum significantly impaired the secretion of 

the pro-inflammatory cytokines IL-1β and TNF-α, and promoted the secretion of IL-10. Anderson et al. 

(2016) reported the ability of L. fermentum in increasing the number of macrophages and lymphocytes 

in germ-free rat colon. Rodriguez-Nogales et al. (2017) also revealed that L. fermentum could inhibit 

the increased expression of IL-2 and iNOS, which are considered as important inflammatory mediators 

of innate and/or adaptive immunity.  

The immune-stimulating effect of LAB has been investigated using animal experimental model. 

Common in vivo probiotic delivery was done through oral gavage method (Anderson et al., 2016; 

Rodriguez-Nogales et al., 2017). However, the technique may result in esophageal injury as well as 

restraint-associated-distress particularly with repeated application (Brown et al., 2000). Regardless of 

the type of study being conducted, any source of external stress on mice could make data interpretation 

difficult and confound measured outcomes (de Meijer et al., 2010; Walker et al., 2012). Besides, 

mortality following repeated oral gavage is a widespread issue across all strains of mice, regardless of 

age or genetic background (Arantes-Rodrigues et al., 2012). Since the standard route of oral delivery is 

used in most preclinical study, these issues may become significant concern. 
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In this study, a formulation to incorporate encapsulated probiotic into a commercial mice 

fodder was developed, with expectation that tested mice would voluntarily consume the formulated 

fodder when it is placed into their cage. Prior reformulation, the survival of probiotic during 

microencapsulation and freeze-drying procedure, as well as its shelf-life, was evaluated.  

2. Materials and Methods 

2.1. Culture preparation 

L. fermentum E5 obtained from Universitas Pelita Harapan was used as the active material entrapped in 

microcapsules. The cells were inoculated in MRS broth (de Man, Rogosa, Sharpe) for 24 h under 

microaerophilic condition at 37°C, followed by harvesting by centrifugation at 8,000 rpm for 10 min at 

room temperature (RTP). The cultures, refer as free suspended cells, were then washed twice by sterile 

phosphate saline buffer and used in microencapsulation procedures (Mokarram et al., 2009). 

2.2. Microencapsulation and coating procedure 

Microcapsules were made according to a modified version of methods reported by Krasaekoopt et al. 

(2004). Sodium alginate (Merck) was used as encapsulation material. One ml of liquid culture was 

incorporated into 10 ml of 3% (w/v) sodium alginate solution. For coating agent, chitosan was dissolved 

in acidified distilled water to achieve final concentration of 0.75% (v/v). Chitosan aqueous solution was 

then mixed with 0.4 M calcium chloride solution (4% v/v).  

To form microcapsules, probiotic-alginate solution was extruded drop-wise by using a syringe 

into stirred calcium chloride -chitosan solution. After 30 min at RTP, the completely solidify beads 

(fresh capsules) were sieved from calcium chloride -chitosan solution. One part of capsules was 

immediately used for enumeration, while the remaining part was freeze-dried. 

2.3. Encapsulation yield 

Entrapped bacteria in fresh capsules were released by homogenizing one gram of microcapsules in 9 ml 

of phosphate saline buffer for 1 h and stirred. The homogenized samples were diluted to appropriate 

concentrations and spread plated on MRS agar. The plates were incubated for 48 h at 37°C and viable 

cells were enumerated as CFU/ml (Chavarri et al., 2010).  

Encapsulation yield (EY) which is measurement of the number of successfully entrapped 

bacteria, was calculated as Eq. (1). 

EY (%) = (N/N0) x 100          (1) 

where N is the number of viable entrapped cells released from the microcapsules, and N0 is the 

number of free cells added to the alginate solution during microcapsules production. 

2.4. Survival of L. fermentum E5 after freeze – drying 

Fresh capsules were frozen at -30°C for 24 h and dried in freeze dryer Martin Christ Alpha 1-2 LD Plus 

(John Morris, Germany) for 48 h (0.63-0.47 mbar, 15-20°C) until freeze-dried capsules were obtained. 

To investigate the survival of bacteria after freeze-drying, freeze-dried capsules (0.1 g) were dissolved 

in 9 ml phosphate saline buffer and stirred. After 1 h at RTP, the released viable cells were enumerated 

by spread plating appropriate dilutions of dissolved capsules (Xu et al., 2016). Survivability of L. 

fermentum E5 after freeze-drying was calculated by applying Eq. (2). 

Survivability (%) = (N1/N) x 100        (2) 

where N1 is the number of viable cell in freeze-dried capsules, and N is the number of viable cell 

in fresh capsules. 

2.5. Reformulation of mice fodder and encapsulated L. fermentum E5 

Mice fodders were obtained from PT. Charoen Popkhand. To do reformulation, twenty parts of fodders 

were crushed and mixed well with one part of encapsulated L. fermentum E5. Sodium alginate solution 

of 3% (v/v) was then added as a binder, followed by drying at 60°C for 30-180 min. Shelf-life of 

reformulated mice fodders was tested during 28 days of storage. 
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2.6. Storage of encapsulated L. fermentum E5 

To investigate the shelf-life of encapsulated bacteria during storage period, the freeze-dried capsules 

were placed into test tubes and stored at RTP (±25°C) and in a fridge (4°C) for freeze-dried capsules. 

Meanwhile, reformulated mice fodders in closed petri dish was incubated at RTP. On the 14th and 28th 

of storage, the capsules (0.1 g for fresh capsules and 1 g for dried capsules) or reformulated mice 

fodders (1 g) were dissolved, diluted, and spread plated on MRS agar plate. Enumeration was done after 

48 h of incubation at 37°C. The survival rate of bacteria during storage was calculated as Eq. (3). 

Survival rate = N2/N1          (3) 

where N2 is the number of viable cell in freeze-dried capsules, and N is the number of viable cell 

in freeze-dried capsules after storage period. 

2.7. Statistical analysis 

Data were presented as mean ± standard deviation (n ≥ 3) and analyzed by one-way ANOVA. Statistical 

significance was set at 95% confidence interval (p < 0.05). All analyses were performed using ISI 

Applets for multiple means of quantitative response (Introduction to Statistical Investigations, Wiley, 

USA).  

3. Results and Discussion 

In this study, L. fermentum E5 cells were entrapped in alginate-chitosan capsules via the combination of 

gelation and extrusion technique. As the oldest and most common approach to making capsules with 

hydrocolloids, extrusion technique is easy, simple, and low cost. Besides, the technique provides gentle 

formulation conditions, ensuring high retention of cell viability (Krasaekoopt et al., 2003). 

Microcapsules of L. fermentum E5 before freeze drying was relatively sphere and uniform (Figure 1). 

 

Figure 1. Microencapsulated cells before (A) and after (B) freeze-drying. 

3.1. Encapsulation yield 

Microencapsulation procedure caused no significant loss of viability for L. fermentum E5 and 

approximately 94% of cells were successfully entrapped (Table 1). In agreement with Krasaekoopt et 

al. (2003), the mean of encapsulation yield was 80-95% in extrusion technique. Furthermore, 

enumeration of viable cells showed that the number of free and entrapped cells remained significantly 

unchanged. According to Koo et al. (2001), a slight decrease in cell number after encapsulation process 

might occur due to very low pH caused by acetic acid glacial used to dissolve chitosan. The process of 

dissolving the microcapsules rather than the act of encapsulation itself might also reduce cell viability. 

To release entrapped cells from fresh capsules prior enumeration, microcapsules were broken down by 

vigorous stirring which most likely caused the physiological damage of the cells. 
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Table 1: Encapsulation yield and survival of L. fermentum E5 after freeze-drying 

Free cells in 

suspension       

(log CFU/ml) 

Viable cells in 

fresh capsules  

(log CFU/ml) 

Viable cells in 

dried capsules  

(log CFU/ml) 

Encapsulation 

yield (%) 

Survival after 

freeze-drying 

(%) 

11.49±0.73a 10.78±0.24ab 10.32±0.40b 93.99±4.09 95.70±3.01 

Different letter between columns indicates significantly different values (p<0.05) according to one-way 

ANOVA. Data are presented as mean ± SD (n=4). 

3.2. Survival of L. fermentum E5 after freeze - drying 

Freeze-drying produced large and brittle granules with irregular structure (Figure 1). Referring to Cook 

et al. (2011), diffusion setting process during gelation may result in a higher polymer concentration on 

the surface of the capsules. As the capsule dries, the interior with a lower polymer concentration could 

shrink into a greater extent than the exterior regions, causing a crumpled structure with decreased size 

but relatively unreduced surface area. There was a 0.46 log decrease in viable cells associated with the 

drying process (Table 1), which could possibly be improved if cryoprotectants were used. Statistical 

analysis showed that double coating alginate-chitosan had a significant impact on the residual viability 

during freeze drying since the number of viable cells decreased insignificantly. As reported by Koo et 

al. (2001), alginate-chitosan could protect the cells from cold damage during freezing and freeze-drying 

process. 

3.3. Shelf-life analysis of encapsulated L. fermentum E5 

The stability of non-encapsulated and encapsulated cells during storage at 4°C and RTP is shown in 

Figure 2. The viable count of encapsulated cells remained stable through the storage period regardless 

temperature storage. In contrast, the number of non-encapsulated cells experienced a significant 

decrease at longer storage period. The high survivability of encapsulated cells was resulted from the 

protection provided by double coating alginate-chitosan. Correspondingly, previous study by Cook et 

al. (2011) found that encapsulating cells in alginate chitosan could promote greater cell survival.  

After 28 days of storage at 4°C, there was a small loss of viability (~1-2 log) in both free and 

coated cells. Meanwhile, the number of cells placed at RTP decreased more than 6 log. The results 

suggested that the viability of encapsulated and non-encapsulated cells was higher while stored in low 

temperature. According to Holkem et al. (2016), storing microorganisms at a higher temperature, 

approaching its optimum growing temperature, would induce its metabolic activities which caused 

lower survivability. Besides, chemical reactions were reduced at low temperatures close to 0°C, thus the 

possibility of cell damage would be reduced (Xu et al., 2016). 

 

Figure 2. Survival of L. fermentum E5 at different storage temperature in forms of free suspended and 

encapsulated cells (n=4, error bars represent standard deviation between replications). 
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3.4. Reformulation of mice fodder 

Reformulation was done by adding encapsulated probiotic to commercial mice fodder. After mixing the 

crushed fodder with microcapsules, it was re-pelleting using a self-made tool, as shown in Figure 3. 

Pressure was given manually, causing the shape of the reformulated pellets were not completely 

uniform (Figure 4). However, the diameter of the pellets is always similar. Alginate was used as a 

binder because it is cheap and does not give any additional nutrition value to the fodder (Rychen et al., 

2017). For further research, improvements need to be done, especially in reformulation procedure and 

the usage of the tools. 

 

Figure 3. Re-pelleting tools (A) upper side and (B) bottom side. 

 

Figure 4. Reformulated mice fooder from (A) top view and (B) side view 

3.5. Shelf analysis of encapsulated L. fermentum E5 in reformulated mice fodder 

Since it is recommended that probiotic be present at a minimum level of 106 CFU/g of food product 

(Doleyres & Lacroix, 2005) or 107 CFU/g at point of delivery (Lee & Salminen, 1995) or be eaten in 

adequate amount to yield a daily intake of 108 CFU (Lopez-Rubio et al., 2006), a 28-day shelf-life 

analysis of encapsulated L. fermentum E5 incorporated in mice fodder was conducted (Figure 5). The 

viability of the encapsulated cells incorporated in mice fodder showed the same manner as in 

non-incorporated ones. The number of viable cells was further decreased with increasing storage period 

at RTP. In the first 14 days of storage, there was a slight loss of cell viability, initial numbers of 9.70 to 

9.01 log CFU/g mice fodder. After 28 days of storage, cell survival decreased significantly to 8.30 log 

CFU/g, as compared to the initial number. These results suggested that alginate-chitosan could provide 

cell stability in mice fodder during storage at RTP.  

A B 
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 Figure 5. Survival of encapsulated L. fermentum E5 incorporated in mice fodder stored at room 

temperature (n=4, error bars represent standard deviation between replications). 

4. Conclusion 

After microencapsulation procedure, 94% of free suspended L. fermentum E5 were successfully 

entrapped and 95% of the encapsulated cells recovered from freeze drying process. Shelf-life analysis 

showed that encapsulated cells had higher survival than free cells regardless temperature storage. It is 

concluded that alginate chitosan was no harm for encapsulation procedure and effectively protect the 

cells during freeze-drying process and storage period. Reformulation was done accordingly, but 

re-pelleting process needs to be improved for further study. After storing encapsulated L. fermentum E5 

incorporated in mice fodder at room temperature for 28 days, the cells of more than 108 CFU survived. 

Further study is needed to test the hypothesis that the reformulated mice fodder could be used as less 

stressful oral delivery method as compared to oral gavage. 
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Abstract: Cymbopogon citratus and Cymbopogon nardus are two species of Cymbopogon that 

are commonly cultivated in Indonesia. Studies have shown Cymbopogon activities and 

potencies for development for various diseases including diabetic treatment. Both C. citratus 

and C. nardus have long history for culinary and medicinal herb in Indonesia and therefore have 

a sustainable commercial production that will support their development for functional food 

ingredient. This work provides a study about industrial observation in several herbal industries 

along with literature review of herbal industries condition in Indonesia as a benchmarking study 

to summarize the required research or technical development of Cymbopogon as functional 

food ingredients. During industrial observation it was shown that Cymbopogon usage in herbal 

industries were more popular as flavorings rather than for its functionalities. The industrial 

observation to several reputable herbal industries showed that despite the similar infrastructure 

used for extraction and pulverization method, the industries might have different supply 

procurement and quality requirement, extraction principle, product character and quality 

control, and therefore market character. The literature review have shown several studies of 

Cymbopogon functionalities in organic solvents, empirical uses of Cymbopogon as medicinal 

herbs in water extract, optimization in Cymbopogon cultivation. Heavy studies have been done 

in the extraction, usage, and characterization of essential oils from Cymbopogon. Many 

literature showed formulation of Cymbogon for culinary purpose but there are yet formulation 

based on its functional activities. Both industrial observation and literature review called in the 

requirement of more study of activities and stabilities of the Cymbopogon aqueous and 

ethanolic extracts, optimization of post-harvest processing, extraction, and further processing to 

produce Cymbopogon ingredients based on activities and efficiency, and the determination of 

active fraction/compound(s) responsible for the activity and formulation of food that will enable 

the usage direction of functional food ingredients. 

Keywords: Cymbopogon citratus, Cymbopogon nardus, food ingredients, herbal industry 

1. Introduction 

Indonesia, among other Asian countries, has a long history of making use of herbal ingredients in their 

daily life. The application of many herbs and medicinal plants has grown as a tradition in the society and 

become the legacy of the people, inherited from generation to generation. In a modern world as today, 

the tradition to use local plants as culinary ingredients and remedies for several illnesses has not faded, 

it has even matured into an integrated life-style among the Indonesian younger generations. 

Pachyrhizus erosus, also commonly known as bengkuang in Indonesia is one root of a plant that has 

been long known trusted to lighten skin tone, and has been widely applied both traditionally and 

commercially as skin whitening treatment in form of lotions, peeling scrubs and soaps. A wide range of 

capsicum family or chilies is popular to gain male vitality, while Curcuma xanthorrhiza (Javanese 
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ginger, temulawak) is popular not only for beauty care but to also cure various illness and to boost 

children appetite.  

The history of Indonesian herbal industry has started hundreds of years ago with the born of 

jamu tradition. Jamu is a local terminology used to describe herbal medicines made from natural 

materials, such as leaves, roots, barks, seeds, or flowers of a plant. Jamu was claimed to be the heritance 

of one of the Javanese kingdoms, where the royalties and nobles mainly maintained their health and 

beauty by making use of traditional ancient recipes. With a good health and beauty of the ladies being 

maintained, jamu was trusted to be one of many other things that can preserve a family harmony. 

As it entered the 20th century, jamu seemed to lose its popularity for having been seen to have a 

low image in the society. The reason of this was merely due to the increasing awareness of local people 

about hygiene, they saw that jamu as a traditional product was produced using non-standard traditional 

process, unhygienic both in the processing and distribution, and mostly because the lack of scientific 

proofs of its benefits. It was said, that not until around 1940s, jamu has regained its popularity, and 

physicians’ interest on jamu had increased, although still until now, their opinions are rather ambivalent. 

During decades afterwards, commercialization of Indonesian jamu and herbal industries has grown, and 

more scientific studies have been conducted to prove the benefits of Indonesian herbal plants based on 

their local wisdoms. 

One of the beneficial local herbal plants, which is applied as food and herbal ingredient in 

Indonesia is Cymbopogon, or commonly known as lemongrass or “serai” in Indonesia. An industrial 

observation conducted in scope of a previous research has shown that the use of lemongrass for culinary 

purposes and as jamu ingredient has been intended to obtain its aroma and flavor, which not only add 

richness to the product taste but also give a tint of relaxation sensation through it (Widiputri et al. 2017). 

On the other side, many studies have proven that lemongrass can apparently provide more than aroma 

and flavor, since it contains different bioactive compounds that can be responsible for many 

functionalities, among others is as a treatment for diabetes (Arsiningtyas et al, 2014). Since this 

beneficial functionality is not yet widely explored in the Indonesian herbal industries, heavy studies on 

the potency of lemongrass as diabetic treatment has been conducted in the Faculty of Life Sciences and 

Technology, Swiss German University, Indonesia. Nevertheless, there is still a need to wider explore 

the industrial application of lemongrass extract as functional food and herbal medicines ingredient. 

Thus, in this work, a benchmarking study to observe different processing practices in several 

Indonesian herbal industries was conducted. 

2. Application of Cymbopogon Plants in Indonesian Herbal Industries 

2.1. Herbal Industry Requirements 

Development of herbal products in industrial scale needs to have stronger scientific background to 

prove the benefits and is also encouraged to fulfill the requirements of people’s health for remedies and 

treatment of illness recognized from medical researches, so that in the future, the herbal medicines can 

attract bigger interest from physicians, be covered by health insurance, and become a player in the 

frontier medicine, like they currently are in Japan (Suzuki et al. 2004). 

 

Figure 1. Requirements of herbal industry. 
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Figure 1 shows the requirements for herbal industry, besides the need to have a scientific 

background of proven activities of the ingredients they use. A commercially produced herbal product 

must be produced through a standard processing procedure, be able to sustainably provide commercial 

supply, and at the very first place must be ensured its safety for consumption. There are three categories 

of herbal ingredient products to be commercially prepared in Indonesia, namely traditional medicine 

(jamu), standardized herbal medicine, and phytopharmaca. The three categories differ from each other 

based on their quality, safety and efficacy. Traditional medicines or jamu is registered herbal product 

with a brand name, which is consisted of one or more powder herbal ingredients, and are commonly 

used by the community based on existing empirical experiences. Standardized herbal products differs 

themselves from traditional ones by theirs contents, which mostly consist of standardized extract alone 

or in combinations, or can also be consisting of one or more powder herbs, whose therapeutic use must 

be based on pre-clinical studies evidence. While the therapeutic use of phytopharmaca must be based on 

clinical studies (WHO 2005). It was reported that more than 10,000 herbal products have been marketed 

in Indonesia until March 2018, however, due to the limited qualified clinical studies, only 21 

phytopharmaca have been registered in Indonesia until April 2018 (Usia 2018). 

2.2. Cymbogon citratus and C. Nardus as Herbal Ingredient 

Cymbopogon citratus and Cymbopogon nardus are two species of Cymbopogon that are commonly 

cultivated in Indonesia. The availability of both species are very abundant in Indonesia, with the 

plantation area reaching 3,492 hectares (Dirjen Perkebunan, 2006). The two species differentiate each 

other not much from their appearance; however, C. nardus is recognized to have slight reddish color at 

the beginnng part of the plant. Nonetheless, they are used in different applications by the community for 

being known to have different strength of aroma. C. citratus or commonly known as simply lemongrass, 

is mainly used as prominent ingredient in Thai cuisine and also Indonesian traditional foods and 

beverages. Meanwhile, C. nardus, or commonly known as citronella grass or aromatic grass, is more 

used to produce essential citronella oil, or fractionated into citronellal, citronelol, and geraniol. 

Citronella grass is also commonly used as flavoring in cooking and tea preparation, as well as in 

perfumes for having a stronger aroma.  

Both species of Cymbogon plants have been traditionally used since they were found to be able 

to maintain and/or promote human’s health, and to some extent can also act as a remedy to reduce pains 

and illnesses. C. nardus is trusted to maintain blood glucose, hypertension, as an anti-cancer, insect 

repellent, and promoter of internal detoxification. It is also found to be able to treat flatulence, 

indigestion, intestinal cramps, irritable bowel, and gastritis. Similarly, the traditional use of C. citratus 

was believed to be able to reduce blood glucose, body weight, cholesterol, as well as to treat insomnia, 

detoxification, maintaining skin health, and treat indigestion. 

Recent studies on the functionalities of C. citratus or lemongrass have scientifically proven that 

this plant shows the presence of α-glucosidase and α-amylase inhibitory activities, which can be 

responsible to inhibit the conversion of complex carbohydrate entering the human body to blood 

glucose. Previous research has shown the in-vitro α -glucosidase inhibition activity and in-vivo activity 

to delay blood glucose elevation after oral sugar treatment (Gunawan-Puteri et al. 2018). With the 

presence of these activities, lemongrass extract can be used for cnti-diabetic treatment (Gunawan-Puteri 

et al. 2016).   

Despite all the research founding mentioned in the above passage, the industrial application of 

lemongrass in functional foods and beverages, as well as in traditional herbal medicines in Indonesia 

has not been focused on taking benefit of its α-glucosidase inhibitor (AGI) and α-amylase inhibitor 

(AAI) activities yet. Hence, no process optimization has been made with the purpose to produce 

lemongrass extract with optimum AGI and AAI activities, until quite recently, several researches have 

been performed to study the impact of different extraction process on inhibitory activities 

(Gunawan-Puteri et al. 2016), effect of different pre-treatment scenarios, and the stability of the 

lemongrass extract produced through an optimum process (Widiputri, 2017).  

2.3. Industrial Observation to Reputable Indonesian Herbal Industries 

In its application in industrial processes, there is a tendency of C. nardus to be used in large industries as 

part of many medicinal herbs formula, due to its desirable flavor. Meanwhile, C. citratus is more used in 
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small and medium enterprises (SMEs) of medicinal herb formula, due to expected activity. In the scope 

of this work, an industrial observation to several Indonesian herbal industries was conducted, in order to 

study the comparison of different practicable processes required in the production of herbal ingredients 

for commercial use. From this observation, it was understood that several large industries employ 

similar infrastructure used for extraction and pulverization method with the latest technology and 

machineries and have employed ISO standards. SMEs on the other hand, have varied processing 

facilities and employ bigger number of human labour for the processing purpose. The differences 

between various large industries and SMEs observed in this work were noted in their supply 

procurement, raw material quality control, processing (includes raw material handling and ingredient 

preparation for formulation), and product quality control. 

Table 1: Comparison of industrial process of herbal products in Indonesia. 

 

Supply 

procurement 

Raw material quality 

control 

Processing 
Product 

quality 

control 

Raw 

material 

handling 

Ingredient 

preparation/ 

formulation 

Traditional 

Industry From farmers Freshness confirmation Washing 
Mixing, 

water extraction 
None 

Industry A Direct supply 

from farmers 

 Farmers training  

 microbial check 

Washing 

and drying 

Mixing, ethanolic 

extraction, 

evaporation into 

paste form, oven 

drying 

In-vivo trial, 

user 

testimony, 

sensory 

evaluation 

Industry B Contract 

distributor 

 COA (certificate of 

analysis) 

 Bioactive compound 

confirmation 

 microbial check 

Washing 

and drying 

Ethanolic 

extraction, 

evaporation into 

paste form, oven 

drying, mixing 

Bioactive 

compound 

confirmation 

Industry C 
Direct supply 

from farmers 
Farmers training 

Washing 

and drying 
Mixing, grinding 

User 

testimony 

Table 1 summarizes the comparison between 4 (four) industries, including large industry and SME, and 

one traditional industry. The first difference that can be noted is based on how those industries conduct 

their supply procurement and how they control the quality of their raw material supply. Different 

industries will tend to decide between 2 options in obtaining their raw materials; through direct supply 

from farmers or through contract distributors. The chosen way to obtain their raw materials will dictate 

the required raw material quality control. If one industry decided to get their raw material directly from 

farmers, then they need to ensure that the farmers understand the required specifications and hence 

acknowledged with the proper harvesting and post-harvesting activities. This can be achieved through 

trainings for farmers. When it was decided to hire a contract distributor for supplying raw materials, it 

can be expected that they provide a certificate of analysis (COA) of bioactive compounds content. Both 

options should be completed with internal check of freshness and microbial activities once the raw 

material has arrived on-site. 

The next comparison can be made based on the raw material processing to form herbal 

ingredient/product. A quite wide range of options was observed from the 4 industries being compared in 

this work. Although some industries can apply similar processing principles, equipment and 

machineries, they can still have different decisions in selecting their processing steps and process 

sequences. As an example, in handling the raw materials prior to the main process (during pre-treatment 

of raw materials), one industry can decide to wash their raw material either once or twice, or they can 

also decide to use their raw materials directly without washing. After washing process, the industries 

can decide whether or not they need to dry the raw materials prior to the next processing stage. A very 

important difference can be observed in the main preparation of herbal ingredients and/or its 

formulation. It can be chosen whether one industry will do the formulation prior to extraction process or 

after the production of single extract alone. In the latter case, the expected bioactive compound of each 
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extract alone can be ensured, so that the product formulation afterwards can be aimed at desired activity. 

In terms of the extraction itself, the solvent can differ, depending on the type of bioactive compound 

that is intended to be extracted. Lastly, the finishing of the product can also vary between liquid extract, 

dried extract without grinding, and powder extract. These alternatives of processing steps are listed in 

Table 2.  

At the very last stage of the observation, the method used to control product quality was 

compared between the four industries. It was observed that the variations of the means for product 

quality control were varying between no quality control, through empirical study, in-vivo trial, and/or 

through confirmation of bioactive compound in the final product.  

Table 2: Variation in processing methods for the production of herbal products 

Types of raw material 

pre-treatment 

Types of product 

formulation 
Types of extraction  Type of product finishing 

 unwashed /  

1X / 2X washing 

 drying / no drying 

 

 prior to extraction  

 post extraction and 

pulverization  

 no extraction 

 water extraction 

 ethanolic extraction 

followed by evaporation 

and oven drying 

 liquid / concentrate form 

 dried product without size 

reduction 

 pulverization with direct 

grinding of dried product 

3. Scientific Research Development  and Recent Studies on the Application of 

Cymbopogon as Herbal Ingredient with AGI and AAI Activity 

The conducted industrial observation above has led to an awareness for academicians to develop 

research studies on the application of Cymbopogon as herbal ingredient with AGI and AAI activity. 

Understanding that all steps of processing from procurement to product quality control must be selected 

based on the required functionalities and activity of targeted bioactive compound, plenty need to be 

done in order to produce Cymbopogon extract that can be applied as herbal product to treat diabetes.  

 

Figure 2. Required study development on the application of Cymbopogon as herbal ingredient with 

AGI and AAI activity. 

Figure 2 depicts the required study development, comprising four essential areas that must be 

explored. Firstly, the AGI activities and stability of Cymbopogon extract both in water and ethanol must 

be known, since only by having this information a claim can be made scientifically, that the resulting 

product does indeed have the ability to reduce blood glucose level after certain sugar or carbohydrate 

intake. For this purpose in-vivo activity was confirmed in a previous research, where it was shown that 
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lemongrass extract was able to delay the blood glucose rise after oral sugar treatment in dose dependent 

manner. However, concentration of 10 g/kg BW was not recommended due to its sharp reduction that 

may lead into hypoglycemia (Gunawan-Puteri et al. 2018).  

Simultaneously with the determination of extract activity and stability, process optimization 

must take place, since the selection of proper processing method, starting from post-harvesting until 

product finishing process (e.g. drying and pulverization), will affect the AGI and AAI activity of 

Cymbopogon extract. From several studies, the optimum extraction method was obtained for both water 

and ethanol extraction. When using water extraction, the recommended processing procedure will be to 

perform the extraction under stirred maceration, at 70°C, for 40 minutes. However, ethanol extract was 

found to generally have higher AGI activity than water extract (Gunawan-Puteri et al. 2016). An 

optimization of pre-treatment process of Cymbopogon before it undergoes the extraction process was 

also conducted. From this research, it was suggested to wash the fresh plant only once and directly 

followed by an oven drying at 40°C, to maintain the AGI activity at optimum level (Widiputri et al. 

2017). In the same work, the stability of the resulting lemon grass extract was studied. The shelf life of 

the extract was found to be ± 8 months (at 5°C), ± 3 months (at 25°C) and ± 1.5 months (at 30°C). 

After optimum processing was determined, the next crucial stage of the study is to perform 

fractionation and bioactive compounds isolation and identification. Lastly, there is a need to develop 

direct application for consumers through products development that contain Cymbopogon extract with 

optimum AGI activity. For this purpose, the interaction between Cymbopogon extract and other 

ingredients used in the intended food or beverage product must be studied, followed with a sensory 

analysis to obtain overall user acceptance. In the Figure 2, all research areas marked with an asterisk 

symbol are already conducted with satisfactory result, while the rests are still ongoing.   

4. Conclusion 

Cymbopogon citratus and cymbopogon nardus as two species of Indonesian local plants are very 

promising in their application for anti-diabetic treatment. The benchmarking and literature study 

performed in this work has revealed the necessary direction of research study development, in order to 

enable the commercialization of lemongrass extract as food and medicinal ingredient for treatment of 

diabetes. 
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Abstract: Fried food is convenient for many people due to its pleasant texture and taste. On the 

other hand, it comes with the risk of high oil absorption which might lead to certain health 

problems. Resistant starch (RS) has been known to have a functionality of reducing oil 

absorption. Three different types of banana: Kepok (Musa paradisiaca formatypica), Raja Bulu 

(Musa paradisiaca L.) and Ambon (Musa paradisiaca L. var sapientum) were evaluated on its 

performance when utilized as source of resistant starch especially on their application in 

reducing oil absorption in fried food. Tempeh was used as the food model. Banana starch (RS2) 

was isolated through water alkaline extraction process, continued with modification process 

through three repeated cycles of autoclaving-cooling process to obtain the RS3. RS3 was added 

into the batter coating formulation at three substitution ratios (10%, 30% and 50%) and then 

used to coat tempeh before frying. Evaluation of resistant starch in batter and battered product 

was conducted on the following parameters: fat content, water retention capacity (WRC), 

coating pick up and sensory analysis. The result of this study revealed that Raja Bulu showed 

the most effective result on reducing oil absorption in the food tested.  In the three bananas used, 

the ratio of 50% performed best in coating pick up (highest), WRC (highest) and fat content 

(lowest) parameters, but not significantly different with the 30% ratio. In terms of sensory 

acceptance, using Raja Bulu as the selected banana type, 30% of substitution ratio was 

significantly more preferable by the panelists in crispness, oiliness, and overall acceptance 

attributes compared to control and other substitution ratios. 

Keywords: Musa paradisiaca formatypica, Musa paradisiaca L., Musa paradisiaca L. var 

sapientum, resistant starch, oil absorption  

1. Introduction 

Fried foods have been commonly consumed by people around the world, especially in Indonesia. Their 

pleasant taste and texture are among the reasons of why they are convenient to consume. However, high 

fat content in the product remains its major disadvantage, particularly for those who concern more about 

health issue. An excessive fat intake by consuming fried product can lead to cardiovascular, cancer or 

obesity. Thus, providing a healthier battered coating that contributes to reduce oil absorption in fried 

food is quite a necessity (Sanz et al., 2007; Sajilata, 2006).  

Resistant starch has been known for its functionality to reduce oil absorption (Fiszman and 

Salvador, 2003). Moreover, resistant starch offers bland flavor, low water-holding capacity 

(Homayouni et al., 2013), providing crispiness and texture improvement in the final product (Sajilata et 

al., 2006). As its mentioned benefit and functionality, RS is deemed potential to be applied in batter 

formulation to reduce oil absorption in fried food. 

Unripe banana has been known as potential source of resistant starch type 2 (RS2) which has 

higher resistant starch content (56.3%-63.7%) compared to cassava (9.69±1.28%), taro (51.9±0.9%) 
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and sweet potato (13.5%-25.3%) (Moongngarm, 2013; Vatanasuchart et al., 2009; Ngoc et al., 2017). 

However, RS2 has limitation in terms of stability in high temperature, while resistant starch type 3 is 

found to be more heat-stable (Homayouni et al., 2013). Modification of RS2 can be done to generate the 

more heat-stable RS3. 

Kepok (Musa paradisiaca formatypica), Raja Bulu (Musa paradisiaca L.) and Ambon (Musa 

paradisiaca L.var sapientum) are found to have high RS content respectively, 27.70%, 30.66% and 

29.37% compared to Nangka (26.28%) and Muli banana (26.42%) (Musita, 2009). Kepok, Ambon and 

Raja banana are the banana types which mostly produced in Java (Ministry of Agriculture, 2016). 

Currently, the white kepok banana is still underutilized and consumed mostly as feed for birds. 

Moreover, Ambon and Raja banana have high productivity but the demand for their consumption is still 

lower than other varieties of banana (Statistics of Food Consumption 2015, 2015). With the available 

potential and low consumption, Kepok, Ambon and Raja Bulu banana were used in this study. 

This study aims to evaluate the effect of different banana types (Kepok, Ambon and Raja Bulu) 

on the effectiveness in reducing oil absorption while maintaining sensory properties of product. 

Concentration of RS from different banana types in batter coating will also be observed for its effect on 

oil absorption. 

2. Materials and Methods 

2.1. Materials 

Materials used in this research were unripe Kepok banana, Raja Bulu banana, Ambon banana, wheat 

flour (Segitiga Biru, Indonesia), banana starch, glutamate (Ajinomoto, Indonesia), salt (Dolphin, 

Indonesia) and baking powder (Koepoe Koepoe, Indonesia). Unripe Kepok, Ambon and Raja Bulu 

banana were purchased from local supplier in Tangerang. The selected banana had the characteristic of 

green color and hard. The chemicals used were the following: sodium hydroxide (NaOH) (Merck, 

Germany), hexane (Merck, Germany), and distilled water. 

2.2. Methods 

This study consisted of four main stages which were extraction of banana starch (RS2), modification of 

banana starch into resistant starch type 3 (RS3), application of RS2 and RS3 in batter coating 

formulation, and analysis of batter and battered fried food quality. 

2.2.1. Extraction of banana starch (RS2) 

RS2 extraction method were carried out following a previous research by Zhang et al. (2014) and 

Vatanasuchart et al. (2012), using water alkaline method. 

2.2.2. Modification of banana starch (RS2) into RS3 through Autoclaving-Cooling Cycles 

Starch was mixed with distilled water in Erlenmeyer with a ratio of 1:5. The starch solution was then 

heated at 80oC for 5 minutes with constant stirring. The suspension was then put into autoclave at 121oC 

for 15 minutes and cooled down at room temperature until it reaches 40 oC. It was then put into the 

chiller and left for 24 hours. The cycle of autoclaving-cooling was repeated for another 2 more times. 

After that, the gel-like suspension was heated in the oven at 40 oC for 1.5 days to dry and milled to fine 

starch particles. 

2.2.3. Formulation of batter coating 

Ingredients of batter are presented in Table 1. Batter was prepared by mixing all ingredients with water 

with the ratio of 1.0: 1.5. Next, tempeh was cut into the size of 4 cm x 3 cm x 1 cm. Then, the batter 

coating with control and three different formulations for each banana were applied to tempeh. The 

battered tempeh was then deep fried in cooking oil at approximately 130 ± 5 oC for 5 minutes until the 

golden-brown color of fried battered tempeh was reached. 
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Table 1: Amount of ingredients from different batter formulation* 

Formulation 

Ingredients (%) 

Wheat Flour Resistant Starch Glutamate Salt 
Baking 

Powder 

Control 92.8 0 0.6 3.5 3.1 

10% RS 82.8 10 0.6 3.5 3.1 

30% RS 62.8 30 0.6 3.5 3.1 

50% RS 42.8 50 0.6 3.5 3.1 

*Referred to Sanz et al. (2007). 

2.2.4. Analysis of batter and battered fried food quality 

2.2.4.1. Fat Content (SNI 01-2891-1992) 

Fat content analysis was done gravimetrically using soxhlet method, referring to SNI 01-2891-1992. 

2.2.4.2. Coating Pick Up 

Coating pick up is the total batter that remains stick onto the product after frying process. The data for 

coating pick up was taken in triplicate. The percentage of coating pick up was calculated according to 

the formula as follow: 

Coating pick up (%) =   x 100% 
(1) 

Where: 

B = weight of batter coating of tempeh after final frying (g) 

C = weight of tempeh excluding batter coating after final frying (g) 

2.2.4.3. Water Retention Capacity (WRC) (Sanz et al., 2007) 

As much as 30 g of batter were weighed and placed in 50 mL centrifuge tube and it was centrifuged at 

11,000 rpm for 10 minutes at 15oC. After the centrifugation process, the supernatant was carefully 

removed and weighed. The data was taken in triplicate. The percentage of water retention capacity was 

calculated according to the formula as follow: 

Water retention capacity (%) = 100% - water released (%) (2) 

Water released (%) =  x 100% 
(3) 

Where: 

A = batter weight (g) 

B = supernatant weight (g) 

2.2.5. Sensory Analysis 

Sensory analysis of battered fried product (tempeh) was conducted to 30 untrained panelists. Hedonic 

scoring test was used for the sensory evaluation to know the preference and acceptability of sensory 

attributes of the product according to sensory attributes which are appearance, color, crispiness, flavor, 

oiliness and overall acceptability. In this sensory analysis, battered fried tempeh that have been coated 

with different batter formulation of RS from Raja Bulu banana as the chosen banana type were used as 

the sample. 
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2.2.6. Statistical Analysis 

The experimental data result were analyzed statistically by one way analysis of variance (ANOVA) 

using Microsoft Excel and statistical significance in the difference among the values was evaluated by 

Tukey Post-Hoc Test at a confidence level interval of p ≤ 0.05. The sensory analysis data result were 

analysed statistically using Friedman’s Test and if there is a significant difference between each sample, 

Post Hoc analysis using Wilcoxon’s Test were carried out. 

3. Results and Discussion 

3.1. Fat Content 

Fat content is an important parameter to study the effect of resistant starch incorporation in batter 

formulation to reduce oil absorption in the final product (fried tempeh). Table 2 presented fat content of 

battered fried tempeh incorporated with RS3 from Kepok, Raja Bulu, and Ambon Banana at three 

different substitution ratios.  

As seen on the table, battered tempeh with RS3 incorporation resulted in the lower fat content 

compared to control with no RS3. The data also showed a trend of a decreasing fat content when higher 

concentration of RS3 was added into the batter. However, it was observed that the fat content at 30% is 

not significantly different with that at 50% ratio. Raja Bulu banana, at all RS substitution ratios, has 

been shown to give the lowest fat content, compared to the other banana types.  

Resistant starch is known to have a film forming ability, especially contributed by the amylose 

portion of starch which can form a gel and coat the food. This film can act as a protective barrier which 

prevents the excessive oil absorption in food (Altunakar, Sahin and Sumnu, 2004). 

Table 2: Fat Content of Battered Tempeh at Different Substitution Ratios 

Ratio of RS3 Kepok RS3 Raja Bulu RS3 Ambon RS3 

0% 43.55 ± 0.25 a 43.55 ± 0.25 a 43.55 ± 0.25 a 

10% 38.78 ± 0.87 b 34.12 ± 0.97 b 37.17 ± 0.87 b 

30% 25.23 ± 0.35 c 23.55 ± 0.86 c 30.68 ± 0.81 c 

50% 24.22 ± 0.33 c 21.37 ± 0.77 c 28.00 ± 0.90 c 

*different code in same columns indicate the difference among samples 

3.2. Coating Pick Up 

Coating pick up indicates the amount of batter that still adhering to the tempeh after battering. Stated by 

Altunakar et al., (2006) and Sahin et al., (2005), coating pick up influences the amount of oil absorbed 

by coated products during deep-fat frying.  

Viscosity of batter is positively correlated with the quantity of coating pickup (Dogan et al., 

2005; Chen et al., 2008; Altunakar et al., 2006). According to Sanz et al., (2007), batter with high 

viscosity resulting in high coating pick up, whereas low viscosity batter have less coating pick up value. 

Coating pick up of batter at three different RS substitution ratio with different banana types is presented 

on Table 3.  

It is shown on the Table 3 that coating pick up presented an increasing trend in a higher RS3 

concentration up to 30% ratio. However, at 50% ratio the value decreased but not statistically 

significant compared to 30% ratio.   
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Table 3: Coating Pick Up of Formulated Batter at Different Substitution Ratios. 

Ratio of RS3 Kepok RS3 Raja Bulu RS3 Ambon RS3 

0% 40.10 ± 0.49 c 40.10 ± 0.49 bc 40.10 ± 0.49 bc 

10% 45.28 ± 0.65 b 42.34 ± 1.72 ab 44.32 ± 0.31 ab 

30% 49.96 ± 0.94 a 47.85 ± 1.08 a 49.89 ± 0.61 a 

50% 47.77 ± 1.16 a 44.77 ± 2.52 a 45.96 ± 3.16 a 

*different code in same columns indicate the difference among samples  

3.3. Water Retention Capacity (WRC) 

Water retention capacity (WRC) were analyzed in order to identify the ability of the batter to retain 

water. WRC and fat content have opposite correlation. Increasing in WRC will decreasing fat content. 

Increasing in WRC will diminish water loss during frying and thus reduce the interchange with oil 

(Gamble et al.,1987). 

This theory also supported by studies done by Sanz et al., (2007). They stated that addition of 

RS3 in batter formulation will decrease the fat content and increase in the moisture content in the batter 

crust during deep-fat frying which relate to the increase of WRC with RS. This theory was also proven 

in this study, as presented in Table 4. 

Table 4: Water Retention Capacity of Batter at different Substitution Ratio 

Ratio of RS3 Kepok RS3 Raja Bulu RS3 Ambon RS3 

0% 56.74 ± 0.06 d 56.74 ± 0.06 d 56.74 ± 0.06 d 

10% 58.70 ± 0.09 c 60.20 ± 0.11 c 60.45 ± 0.18 c 

30% 68.40 ± 0.09 b 68.38 ± 0.06 b 72.59 ± 0.05 b 

50% 95.52 ± 0.09 a 78.28 ± 0.05 a 81.22 ± 0.21 a 

*different code in same columns indicate the difference among samples 

The higher substitution ratio of RS has led to a higher WRC value, which is in line with the 

decreasing trend of fat content, as explained by the abovementioned theory. 

3.4. Sensory Evaluation 

Based on fat content result which showed that Raja Bulu resulted in the lowest fat content, supported 

with the fact that Raja Bulu provides higher yield of starch (the data is not available in this paper), 

therefore Raja Bulu is selected to be evaluated further through sensory test. Result of the sensory 

evaluation at different substitution ratios is displayed on Table 5. 

Table 5: Result of sensory evaluation of tempeh with Raja Bulu RS3 at different substitution ratios. 

Batter 

Type 

Attributes 

Appearance Color Crispness Oiliness Flavor 
Overall 

Acceptance 

Control 
7.23 ±  

1.28a 

6.97 ±  

1.02b 

6.16 ±  

1.55c 

5.52 ±  

1.71bc 

7.03 ±  

0.87a 
6.74 ± 1.06d 

10%  
7.55 ±  

1.36a 

7.35 ±  

1.25a 

6.71 ±  

1.27bc 

5.97 ±  

1.54b 

7.00 ±  

1.26a 

7.10 ± 

0.98bc 

30% 
7.58 ±  

0.89a 

7.65 ±  

0.95a 

7.26 ±  

1.00a 

6.55 ±  

1.55a 

7.35 ±  

0.88a 

7.58 ±  

0.85a 

50% 
7.52 ±  

1.06a 

7.71 ±  

0.94a 

6.97 ±  

1.14ab 

6.23 ±  

1.26ab 

7.29 ±  

0.90a 

7.35 ± 

0.88ab 
*different code in same columns indicate the difference among samples 

As shown in the table, panelists gave highest score for sample with 30% substitution ratio for 

appearance, crispness, oiliness, flavor, and overall acceptance. The score is statistically higher 

compared to control which means that RS addition has resulted in better sensory acceptance. 
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4. Conclusion 

This study revealed that resistant starch type 3 (RS3) from banana starch had successfully lowered the 

oil absorption of fried product, with tempeh as food model used. Raja Bulu was found to generate the 

lowest oil absorption in fried food, based on the fat content analysis, compared to Kepok and Ambon 

types. The higher concentration of RS generally resulted in the lower fat content, but not significantly 

different in 30% and 50%. The addition of RS has the positive effect on the sensory acceptance of 

product, where the 30% was given the significantly higher score by the panelists on crispness, oiliness, 

and overall acceptance attributes, compared to control and other substitution ratios. 
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Abstract: From many years, researchers try to solve problems involves examining the solution 

of human aging phase. Growth Hormone (GH) is a hormone inside our body that known can 

regenerate and stimulates cell growth. Growth hormone levels decline as we grow older as a 

result, gene stops working and our bodies are less capable of repairing damage cells. Nowadays, 

it is believed that Growth Hormone releaser can be obtain from external sources, a natural 

source. Colostrum milk is a first milk that produced by mammals during pregnancy. It is a thick 

yellow liquid and rich in carbohydrates, protein, and antibodies to help keep the newborn 

healthy. It is also full of antibodies and immunoglobulins that can help protect newborns as they 

come into our world of bacteria and viruses. With the help of Edamame, that is one of the 

biggest vitamin B sources and amino acids, both of this external sources of ingredients will help 

to increase Growth Hormone (GH) inside human body.  This research was done by give a 

subject (human) treatment and observe their physical reaction and Growth Hormone level. 

From the test conducted, subjects body shows a positive reaction such as healthier according to 

the health observation. For the HGH level, subjects showed an increase of HGH in the test result 

that conducted in laboratories. Hence, the treatment of using colostrum milk and edamame with 

additional ingredients (royal jelly, carrot, zinc tablet) still needs to be develop and deeply study 

in the future.  

Keywords: Colostrum , Human Growth Hormone, Royal Jelly,  Edamame 

1. Introduction 

Aging is a normal and natural process that everyone must undergo at his or her own time and pace. The 

aging process during an individual’s lifespan. We are all involved with the aging process and none can 

escape it. The changes aging individuals experience are not a harmful experience.  

The body naturally produces growth hormone (HGH or simply GH) in the pituitary gland, and, 

as its name implies, is responsible for cell growth and regeneration of human tissue. Entering the age of 

30, the HGH levels inside our body are decrease into 20 percent from the peak of HGH levels during the 

childhood, and after the age of 30, they continue to decline at about 12 to 15 percent per decade, and 

often much more.   By the time most of us are 30 years old, our bodies no longer produce enough HGH 

to repair all of the damage that is occurring in our bodies.   As our HGH levels continue to decline, the 

damage that we call aging continues to accelerate. (Emanuelson, 2013) 

Human Growth Hormone is a hormone inside our body that stimulates growth and regeneration 

of cells. GH function can help to slowing the aging rate of process that happens in human in their old 

ages and helps to regenerate the cells in the body. Many researchers try to find the way to make the 

aging rate of human slow. One of the methods is to find a natural sources of substance that can act as a 

growth factor to increase growth hormone. To increasing growth hormone, sources were searched and 

researchers found that one of the source is colostrum.  
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Colostrum is a thick yellow fluid, rich in protein, growth factors, and immune factors. It is 

secreted by the mammary glands of all female mammals during the first few days of lactation. 

Colostrum contains many natural nutrients such as immunoglobulin, growth factors, antibodies, 

vitamins, minerals, enzymes, amino acids, and other special substances that are designed to prime the 

body to face a lifetime of invasion by various microorganisms and environmental toxins bent on 

destruction (Minton, 2009). In this study we want to use a colostrum milk from female goat. It is natural 

resource of safer and cheaper sources to stimulate Human Growth Hormone.  

Edamame is a Japanese name for sweet and green soybeans. Asides from being a great source 

of protein, Edamame is concluded as a green bean that is a source of many B Vitamin. Not only great 

source of B vitamins but also iron, folate, potassium, magnesium, and many phytonutrients.  Most of the 

B vitamins have been recognized as coenzymes. Coenzymes will act as catalyst for the creation of 

Human Growth Hormone.  

With these two natural ingredients, Colostrum and Edamame, this research will have an 

experiment to find a way to stimulates Human Growth Hormone.   

The objective of this research is also to demonstrate that there is genuine impact of colostrum 

can help enhancing the development hormone in the body inside aging person is the biggest motivation 

behind this research. In addition, the research will see the blend of colostrum and Vitamin B that picked 

up from Edamame is effective to maintain healthy body of aging person and makes the feel younger. 

This study is also to help for further experiment from Colostrum that has many benefits for body’s 

health in Food and Pharmaceutical Industrial to make a product that use Colostrum Milk in the future.  

2. Literature Review 

2.1. Colostrum Milk  

Colostrum milk is a form of milk produced by the mammary glands in late pregnancy and continues 

through the early few days of breast feeding. It is thick in consistency, yellowish to orange in colour and 

sticky in nature.  

The definition of colostrum milk is the first milk that is produce during the first two days after 

mammals deliver a newborn that has so many nutrition such as immunoglobulins, antimicrobial 

peptides and other bioactive molecules including growth factors. Colostrum plays an important role in 

the nutrition, growth and development and also contributes to the immunologic defense of neonates. 

(Shrinivas, 2010)  

Colostrum has been called the promise of life which contain abundance nutrition like all the 

immune and growth factors that insure health and vitality are transferred from the mother to the 

newborn. From research it is shows that colostrum can act as the one supplement that has an ability to 

perform many of the functions of human growth Hormone inside body. (Minton,2009)  

2.2. Edamame 

Vitamin B plays an important role for the stimulation of HGH (Human Growth Hormone). It will act as 

a coenzyme that can catalyse the HGH along with the colostrum milk. In this research, Edamame Beans 

is chosen as the sources of B Vitamin.  

Edamame is know for common as young soya bean ,  a green vegetable that harvested at the 

peal of ripening right before it reaches the hardening time. The Edamame word is referred to “Beans on 

Branches” and it grows in cluster on bushy branches. To keep maintain its freshness and natural flavor, 

it is parboiled and quick frozen. In East Asia, this young soybean has been used for more than two 

thousand years as a primary sources of protein.  

2.3. Carrot 

Carrot is well known as a root vegetable that has many benefits for health in away that carrots have 

numerous content of vitamins and minerals. Carrot is also well source of Vitamin A, Vitamin A  is a 

group of antioxidant compounds that play an important role in vision, bone growth and health of the 

immune system. Vitamin A converted from Beta Carotene that is one group of natural chemicals known 
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as Carotenoids. Carotenoids plays an important role as an antioxidant. (EJ Johnson, 2002) The 

antioxidant potential of carotenoids is of particular significance to human health.  

2.4. Royal Jelly  

Worker bees are known to harvest their nutritious royal jelly. Royal jelly is processed by worker bees, 

which is done through the buzz during the first three days of their lives. This purpose is to encourage 

growth of the worker bees. Before queen bees were formed, larvae feed on royal jelly. Throughout the 

life of the queen bee, it eats on the royal jelly exclusively. Royal Jelly contains more than a few nutrients 

such as protein, mineral and vitamins which cures different sicknesses.  

Royal Jelly is a natural product with high contents of nutrients for the skin. It enhances the skin 

metabolism and delays skin aging. It is popularly known as complex nutrient rich in B vitamins and 

Amino Acids. The two most abundant Amino Acid inside Royal Jelly is Aspartic Acid and Proline that 

is essential for skin regeneration and tissue growth. Vitamins of the B group is also contributed to skin 

health and cell renewal processes.  

2.5. Zinc 

Zinc is a metal that is called as “essential trace element” because very small amounts of zinc are 

necessary for human health.   

Zinc is needed for the proper growth and maintenance of the human body. It is found in several 

systems and biological reactions, and it is needed for immune function, wound healing, blood clotting, 

thyroid function, and much more. Meats, seafood, dairy products, nuts, legumes, and whole grains offer 

relatively high levels of zinc.  

Zinc plays a key role in maintaining vision, and it is present in high concentrations in the eye. 

Zinc deficiency can alter vision, and severe deficiency can cause changes in the retina (the back of the 

eye where an image is focused). Zinc works as a catalyst and helps to regenerate Human Growth 

Hormone. Specifically, the growth hormone that are secreted by pituitary gland is responsive to zinc 

status (Macdonald, 2000)  

2.6. Human Growth Hormone 

Growth Hormone or GH is a HGH (Human Growth Hormone) or Human Growth Hormone is actually 

polypeptide hormone consist of 191 amino acids with a molecular weight of 22 k Da that is synthesized 

by the cells called Somatotrof in Anterior. (Ratnayanti, 2012). It is a hormone that are produced inside 

our body by pituitary gland and secreted into the blood stream. Growth Hormone (GH) production is 

controlled by a complex set of hormones produced in the hypothalamus of the brain and in the intestinal 

tract and pancreas. It is produced by all human beings, and the highest levels was produced during 

childhood. HGH is constantly released by glands Pituitary since from our childhood and throughout the 

life of our body will need it for the growth of the body (Emanuelson, 2013). Growth Hormone is one of 

the most important hormones inside human body because it is the hormone that identifies the growth of 

bodies, affects human bones, skeletal muscle, maintaining health as well as tissue and organ vital body 

as well as play roles in numerous areas throughout the body.  

Below are the table of growth hormone concentration in young and old age. From the table it 

shows that growth hormone secretion decrease with age 

 

Figure 1 Representative Growth Hormone level in young and old age (ng/ml) (Khan et.al, 2002) 
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Below are also the table references of normal values of growth hormone. The result can be 

slightly different from another reference since there are various results from another laboratory. 

Random growth hormone (GH) levels in a healthy person range as follows:  

Table 1 Growth Hormone Level in Human , Source: e-medicine.medscape.com 

Men < 5ng/mL  

Women < 10ng/mL 

Children 0-20ng/mL 

Newborn  5-40ng/mL  

The growth hormone test can be conducted in laboratory by taking the subject’s blood and will 

undergo several processed to be measured. Before taking the HGH test, the subject is strongly 

recommended to fasting for about minimum of 10 hours so the result will be more accurately.   

3. Methods 

The methods will be divided into 4 phases. Preparation phase, Feeding Phase, Observation Phase and 

Laboratory Activity Phase. 

Preparation phase is the phase to find and obtain all of the materials and equipment needed. 

This materials and equipment can be found and bought in Indonesia.  

Feeding phase is the phase when this research began. Before this research was started, the data 

of the Human Growth Hormone of the subject must be collected so it can be compared during and after 

the research is done. To explore the Human Growth Hormone level, a laboratory activity is needed, the 

blood samples will be taken and the HGH will be measured using Human Growth Hormone Kit.  

Feeding phase is a phase where the subjects (people) will be feed with the mixture of Colostrum 

milk, Edamame beans, Carrot, Royal Jelly and Zinc Tablets. The people will be given same 

concentration for feeding.  Feeding will be conducted for 3 months. Every week each subjects will be 

given the samples of each concentration.  

Below is the composition of the concentration. The concentration is made for feeding phase per 

1 week.  

Concentration 

200 ml Colostrum Milk 

250 gr Edamame 

250 gr Carrots 

50 ml Royal Jelly 

3 pcs Zinc Tables  

Observation will be started before and during the feeding phase is conducted. This observation 

is also to see the development of human’s health and response to the feeding phase. This also to collect 

the data that needed for the physical data result of the research.  

Laboratory Test. Activity HGH level will be test by taken a blood sample from the subject 

(human) to see if there is any difference of Human Growth Hormone increases by using Human Growth 

Hormone Test kit. 

Analytical Method  

The method of analyzing in this research can be divided into two types, quantitative analysis 

and qualitative analysis. The qualitative analysis is for checking the growth hormone (GH) 

concentration from the serum taken from the subject’s blood to indicates the level of the growth 

hormone before and after the subjects have been treated with the treatment. Whereas for the qualitative 

analysis is used to analyzed the condition and reaction of the subjects during treated by the treatment.    

Experimental Procedure  
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The colostrum milk, edamame beans, royal jelly, carrots and zinc tablets were weighed 

according to the composition of each treatment. The edamame beans were boiled approximately 15 

minutes and peeled. The carrot was grated into small pieces. The edamame and carrot was mixed with 

water. It is way to smoothen the blending of edamame and carrot. The edamame and carrot was blend 

first until very smooth for approximately 5 minutes. The remaining ingredients such as colostrum milk, 

royal jelly and zinc tablets were added after the blend of carrot and edamame were smoothed. The 

whole ingredients were blended again into smoothes. The mixing operation was conducted using a 

home blender for blending foods.  

Analytical Procedure   

Blood Test  

The blood serum was taken to assay the HGH concentration of subject. The following HGH 

analysis conducted using DRG® HGH (Human Growth Hormone) (EIA-3552) in Food Technology 

Laboratory Swiss German University. 

4. Result And Discussion 

4.1.  Qualitative analysis  

The analysis of the subject is to observe based on their health and weight during treated with the 

treatment.  

4.1.1.  Health  

During the experiment, there is no complaining from the subjects that gets the treatment about their 

health. During the humid temperature and rainy, there are no report from the subjects that they are 

catching cold. They are also reported to have more energy to do activities during day, and feel more 

comfortable during sleep in the night.  

When the treatment stops for a week (to look at the reaction of the subject without treatment), it 

is recorded that the subject feels a few differences when there is a treatment. One of the differences is 

the sleeping hours (regular bedtime). This is because during the treatment, the subjects often feel sleepy 

and more comfortable when sleeping, hence affecting a better sleep quality which can be felt when 

waking up the next day. The subjects are reported to feel sleepy in the noon, and sleep earlier than usual 

sleeping hours. They reported to have a deep sleep rather than usual. Studies shows that people that 

have deep sleep or SWS (slow wave sleep) secretes more GH than people who had sleep deprived 

(Davidson, 1991).  It also claimed that when the subject receives a treatment, the subject feels that the 

body is more fit and energized. However, if the subject does not receive any treatment, the subject felt 

more easily tired and exhausting than usual during the treatment.   

4.2. Quantitative Analysis 

4.2.1. Growth Hormone Analysis  

The Growth Hormone level can be measured by using ELISA enzyme-linked immune absorbent 

assay method. Below are the data of the concentration of HGH.  
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Laboratory Data  

Table 1:  Subjects HGH Concentration before treatment (week 1) 

Subject Age Concentration (ng/ml) 

Subject 1 47 years old 4.37 

Subject 2 46 years old 5.2 

Subject 3 59 years old 3.39 

Subject 4 42 years old 3.18 

Subject 5 52 years old 4.97 

                  Table 2 : Subjects HGH Concentration after last treatment (week 9) 

Subject Age Concentration ( ng/ml) 

Subject 1 47 years old 5.39 

Subject 2 46 years old 6.38 

Subject 3 59 years old 3.95 

Subject 4 42 years old 4.43 

Subject 5 52 years old 5.93 

                 

The comparison data HGH increased from week 1 to week 9 treatment 

 

                                                        Subject 1    : 23.34 % 

                                                        Subject 2    : 22.69 % 

                                                        Subject 3    : 16.51 % 

                                                        Subject 4     : 28.21 % 

                                                        Subject 5     : 19.31 % 

                                                    Results around : 16.51 – 28.21 %    

4.3. Growth Hormone Analysis Discussion 

From all of the data collected, the HGH concentration amount before and after the treatment can be 

compared from the first laboratory data and second laboratory data.  

From the laboratory data, the subjects that received the treatment shows an increased. But the 

results are only around 16.51-28.21% due only had treatment for 9 weeks.  

From the data that can be conclude several things. 

 First, age doesn’t determine the HGH level inside human body, because subject 3 whose 59 

years old have a higher HGH level than subject 4 whose only 42 years old. This is could be due to 

genetic, health and lifestyle issues.  

Second, subject 4 shows the highest increase among of all of the subject. Subject 4 is the 

highest. This is could be that younger age can have more positive response to the treatment.  

Third, different people make different response to the concentration. Not all of them have the 

same percentage of increase. But all of the people had increases the HGH level inside their body. 

Lastly, the following experiment must conduct at least for more than 3 months. More time will 

be needed for the stabilization of HGH inside the human body. According to the result that are not very 

significance high, another test still needs to be conducted, and studies of analyzing blood serum to 

determine HGH level needs to be studied deeply.   
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5. Conclusion 

Observation Result  

The observation of the subjects shows a great result since the subjects have a good response to 

the treatment. The subjects that have given the treatment shows to be healthier during the observation. 

During the treatment phase, the subjects also confirm not to have any issue of health or sickness (except 

for subject 3 who has allergic to eat beans when is too many and can trigger the cough). The subjects 

also reported to have a deep sleep than usual. From the health data it can be concluded that the subjects 

shown to have a positive effect from the treatment given. Asides from health, the eating appetite of the 

Subject also shows an increase. The subjects also reported to feel fresh and energetic compare before 

treatment was conducted. 

Growth Hormone Result  

Based on the result from the research, from first laboratory data, the growth hormone of the 

subject shows an increase within only 9 weeks of treatment. 

6.  Recommendation 

The recommendation that can be given to improve the result of the research are:  

1. More subjects for both treatment and non-treatment (controlled subject) are needed for the 

experiment to increase the effectiveness of the research.  

2. This research still need a longer time treatment phase to ensure the growth hormone level during 

treatment are more significant and stable.  

3. This research still needs to be develop and conduct further deeper study  
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Abstract: The global pandemic spread of influenza like bird flu and swine flu are forcing a 

bigger production of anti-influenza drug called Oseltamivir phosphate. The drug is made by 

synthesizing a compound named shikimic acid. Although the demand of the drug increases, the 

source of shikimic acid material is limited. Meanwhile, palm oil mill effluent (POME), a waste 

generated from palm oil industry is provenly rich in phytonutrients. This research aims to 

improve the shikimic extraction process from palm oil mill effluent by pre-treating the POME. 

Three pre-treatments were done on the POME which are solvent-extraction method, 

sedimentation method, and combination of solvent-extraction and sedimentation method. 

Sedimentation used the centrifugal principle and solvent-extraction used n-hexane as the 

solvent. Extraction of shikimic acid from pre-treated POME was done using ethyl acetate as the 

solvent. Detection of shikimic acid was done using TLC method and FT-IR instrument, while 

HPLC was used to measure the amount of shikimic acid extracted. Yield of shikimic acid 

obtained after solvent-extraction pre-treatment (0.0795%) was better than the sedimentation 

pre-treatment (0.015%). Also, the solvent-extraction pre-treatment was more efficient (87.51%) 

than sedimentation pre-treatment (68.15%) in removing oil and grease. However, the best result 

was produced from the combination of both pre-treatments. 

Keywords: Shikimic Acid, Palm Oil Mill Effluent, HPLC, FT-IR, TLC, Pre-treatment 

1. Introduction 

 Influenza is the main disease commonly found in this world, and with the spreading, it can be a 

pandemic disease globally. For instance, avian flu and swine flu have lately become common among 

any other influenza type since its lethal effect on humans that was diagnosed by swine and avian flu. 

This will lead to the discovery of the cure or the drugs for this disease.  

Oseltamivir or Tamiflu® produced by Roche Pharmaceuticals is one of the drugs produced to 

treat influenza (Antiviral drugs). These drugs are made by synthesizing a substance named shikimic 

acid chemically. Shikimic acid is the precursor compound used to produce this antiviral drug, and it is 

commonly taken from Chinese star anise fruit which is the main source of shikimic acid. The Chinese 

Star anise (Illicium verum) is known to contain around 2-7% of shikimic acid. However, this type of 

Illicium verum plant is not easily cultivable. This leads to the shortage of shikimic acid source while the 

demand of the oseltamivir is still increasing. (Ghosh, S. et al. 2012) 

Due to the high number of deaths and fatal effects caused by avian and swine flu, the production 

of the antiviral drugs is expected to be vast, yet the availability of the Illicium plant family is limited. 

This will lead to another problem, which how to find another source of shikimic acid that exists 

naturally in plant. On the other hand, as being stated on 2011, Indonesia was the largest palm oil 

manufacturer in the world surpassing Malaysia. Providing half of the world palm oil supply, the waste 

produced is also huge. Palm Pressed Fibers, Empty Fruit Bunches, Oil Palm Fronds, Oil Palm Trunks, 
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palm shells and Palm Oil Mill Effluent (POME) are the example of waste produced from Palm Oil 

Industry. 

The waste is causing major environmental issues, since it contained high value of Chemical 

Oxygen Demand (COD) and Biological Oxygen Demand (BOD) especially in Palm Oil Mill Effluent 

(POME) if untreated. Waste management principle is made to minimize and recycle the waste, recover 

energy, and reduce pollutant’s compound so it is safe to dispose. With the alternative uses of the waste, 

it is unfortunate and yet prohibited if just being directly disposed. To sustain the environment is the 

main reason, but also economical value could be also added since it can be used for other purposes, for 

example Biofuel or Biodiesel can be utilized from the waste of Palm Oil. (Kanta, Plangklang, & 

Subsingha, 2014) 

Hence, as stated by the EP 2582654 A1 Patent, Oil Palm based extract has been reported to have 

high content of phytonutrients and its antioxidant activity. Various biochemicals compounds, nutrients, 

and polyphenol are the examples of valuable content exist in the Palm Oil. Even, it is remained excess in 

a very small amount in the industrial waste after going through a lot of treatment. However, on 

industrial level, it is quite big loss if not being recovered. Following these studies on phytochemical 

extraction from palm oil, it gives a great prospect in phytochemicals extraction from Palm Oil waste 

generated from industry. 

By succeeding from previous research, Utilization of Palm Oil Mill Effluent to Obtain Shikimic 

Acid (Fajri, 2014), it is concluded that shikimic acid can be recovered using liquid-liquid extraction 

method. Moreover, research titled as Improvement in the Extraction of Shikimic Acid from Palm Oil 

Mill Effluent (Dewi, 2017) confirmed that optimization in the shikimic acid extraction process need to 

be done, because the amount of impurities is still high. Proceeding these 2 studies, further study on 

shikimic acid extraction from POME are considered. 

It is the goals of this research to find a suitable method for shikimic acid extraction from Palm 

Oil Mill Effluent (POME). By utilizing POME generated from palm oil industry, negative impacts to 

the environment could be reduced. Moreover, economical value could be added to the waste treatment. 

Notably, POME could be another source of shikimic acid substance from plant-based component, since 

the avalaibility of Illicium verum is limited. 

2. Research Methods 

2.1. Design of Experiments 

All This experiment compares different pre-treatment methods before the shikimic acid extraction takes 

place. Variations of pre-treatment methods were done on Palm Oil Mill Effluent (POME) to analyze the 

effects of the pre-treatments with the amount of shikimic acid extracted. Sedimentation and 

solvent-extraction are the principles used. Four pre-treatments were done on the Palm Oil Mill Effluent 

(POME), they were direct POME without pre-treatment, solvent-extraction pre-treatment, 

centrifugation pre-treatment, and combination of sedimentation and solvent-extraction pre-treatment. 

Output of these 4 pre-treatments then undergone the Oil & Grease, TLC, FT-IR analyses, Shikimic Acid 

extraction, and HPLC measurement. 

2.2. Oil & Grease Analysis 

Oil and Grease analysis was done to measure the amount of impurities in our sample. Before the 

shikimic acid extraction, oil and grease analysis was done to measure the amount of oil and grease after 

the pre-treatment steps. Initial content of Oil and Grease in Palm Oil Mill Effluent also measured to 

compare the result with the after- treatment. Hexane Extractable Material (HEM) Method 

(EPA-821-R-10-001) with few modifications was used to measure the oil & grease content. 

Gravimetric calculation was used to determine the amount of Oil and Grease removed. 

2.3. Thin Layer Chromatography (TLC) 

 TLC paper was cut into size of 4x10 centimeters. Later, starting and finish line was drawn horizontally 

at 1 centimeter long from top and bottom paper. Next, TLC paper was heated at temperature of 105oC 

on the hotplate for 10 minutes before being used. At the moment, mixture of methanol and chloroform 
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with ratio of 1:4 was prepared and poured into TLC chamber. TLC chamber was closed so the saturation 

of vapor eluent in chamber achieved. 

In spotting, sample must be dropped slowly in the starting line, and dried right away using 

hairdryer on the TLC paper. After spotting was done, TLC paper was putted into the TLC chamber 

inclined, so the bottom paper was soaked in the eluent, but without soaking the starting line and sample 

spots. After the solvent reached the finished line, TLC paper was taken out and placed under UV light. 

Standard and sample spots were marked. Distance between starting line to the spot and distance to the 

finish line were marked. 

2.4. Fourier-Transform Infrared (FT-IR) 

FT-IR analysis was done in Department of Chemical Engineering Laboratory in Universitas Indonesia. 

Two milliliters of the sample were prepared in closed vial. Shikimic acid standard was prepared in ethyl 

acetate with concentration of 5,500 ppm. Potassium bromide (KBr) was used in FT-IR analysis as the 

beam spliter. 

2.5. Shikimic Acid Extraction 

Ethyl Acetate was used as the solvent in the shikimic acid extraction process. Sample used were 

raffinate after solvent-extraction treatment, supernatant after centrifugation treatment, direct POME, 

and raffinate after the combination treatment, centrifuge and solvent-extraction treatment. Ratio of 3:2 

was used for sample to solvent mixture. Sample with volume each of 60 ml were stirred with 40 ml of 

ethyl acetate for 1 hour at temperature of 30oC on the hotplate, followed by manual extraction in 

separator funnel for 15 minutes on the fume hood. Then the mixture was left to stand for 1 hour to 

separate the 2 layers. After an hour, upper fraction, or the ethyl acetate fraction, or the extract fraction 

was taken by separating the raffinate fraction. 

2.6. High Performance Liquid Chromatography (HPLC) 

 Shikimic acid standard was made for 10,000 ppm in distilled water. The 0.01% of sulfuric acid in 

aqueous solution was used as the eluent or the mobile phase in HPLC system. Flowrate of sample was 

set into 1.0ml/min, while the volume of injection was 10µL. Ultraviolet (UV) detection wavelength was 

at 213 nm for shikimic acid. Column temperature was 30oC and the running time was set into 30 

minutes. 

3. Results and Discussion 

3.1. Thin Layer Chromatography 

Retention factor (Rf) calculation was used to confirm the presence of shikimic acid in the extract. 

Therefore, sample after pre-treatments a, b, c, and d has been confirmed to be contain shikimic acid. Rf 

values of each samples were quite the same compared with the pure Shikimic Acid standard. TLC 

analysis was done to obtain the qualitative data about shikimic acid in the extract. In the first TLC paper, 

pure shikimic acid standards, pre-treatment a’s, and pre-treatment b’s Rf values were 0.250, 0.243, and 

0.262 respectively. While in the second TLC paper with the pure shikimic acid standards, pre-treatment 

c’s, pre-treatment d’s Rf values were 0.219, 0.213, and 0.237. Concluding mathematically and visually 

using UV light, the spot of shikimic acid was confirmed to be presence in each sample after each 

pre-treatment. 

3.2. Fourier Transform Infrared Technology  

Another qualitative measurement was done using FT-IR instrument. Each intramolecular bond exist in 

shikimic acid structure will be depicted as a dip in the spectrum. Table 1. shows the summary of the 

FT-IR results. In this case, shikimic acid standard was also used as the comparison with the samples. 

However, asterix marks as shown in the table means that the spectrum of the bond was not detectable by 

the computer since the amount might be very low, but the dip can be seen manually in the spectra with 

eyes. 
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Table 1. FT-IR Extract Results 

Bonds Frequency(cm-1) Shikimic 

Acid std 

Pre-treatment 

A 

Pre-treatment 

B 

Pre-treatment 

C 

Pre-treatment 

D 

C=O 1700-1725      

C-O 1050-1300      

O-H 3200-3550  *   * 

C-H 2850-3000    
 

  

3.3. Yield of Shikimic Acid 

The yield of shikimic acid extracted was calculated as the Table 2 depicted. Total volume of extracts 

was the volume retained after the shikimic acid extraction in separator funnel. Percentage of shikimic 

acid in extracts was obtained from the HPLC result. As the percentage of shikimic acid and the injection 

volume of 10µL were known, the amount of shikimic acid in volume unit was obtained. Then, the 

conversion to the mass unit was calculated using the density of shikimic acid, which is 1.52g/ml. So, the 

final mass of shikimic acid contained in the 10µL injection volume was known. By multiplying with the 

volume of total extracts, the mass of shikimic acid in the total extracts can be obtained as in the table 2. 

 Table 2. HPLC Result for Shikimic Acid Yield. 

Pre-treatments 

Total 

Volume of 

Extract (ml) 

Shikimic acid 

(mg) 

Yield of Shikimic 

Acid (%) 

1 24.8 
5.616 0.016 

7.122 0.020 

2 27 
23.1 0.066 

32.7 0.093 

3 29.2 
5.681 0.016 

5.015 0.014 

4 32.5 
3,041.0 8.70 

2,208.0 6.32 

3.4. Extract Results 

Summarized extracted-results have been shown by Figure 1. Each number on x axis represents the 

pre-treatment done on the POME. As depicted by the figure, each pre-treatment divided into 2 sections 

based on the color. The impurities which are oil and grease was shown as the orange part in the bar and, 

the more contained in the extract result, the poor will the extract be. Reversely, if the blue section 

dominated the bar mostly, the better the result were produced, since it depicts the shikimic acid content 

in the extract. So, it can be concluded that the fourth pre-treatment produced the highest extract of 

shikimic acid and the lowest impurities while the no pre-treatment (1st) produced inversely. The fourth 

pre-treatment was significantly different than the others. 
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Figure 1. Extract Results from each Pre-treatments. 

4. Conclusion & Recommendations 

Conclusion can be made according to the data and analysis that have been collected. This chapter will 

discuss the conclusion of this research and the further recommendation necessary in the future.  

4.1. Conlusion 

 Three pre-treatments were done on the POME preceding the shikimic acid extraction, which are 

solvent-extraction method, sedimentation method, and combination of both methods. In conclusion, all 

the pre-treatments can be used to extract shikimic acid 

 Solvent-extraction method is better than the sedimentation method in pre-treatment. This was 

implied by the efficiency in removing oil and grease in solvent-extraction with 87.51% while on 

sedimentation was 68.15%. Also, solvent-extraction method has better yield in extracting shikimic acid 

from POME (0.079%) than sedimentation method (0.015%).  

 The best pre-treatment was the combination between sedimentation and solvent-extraction 

pre-treatment, with efficiency of oil and grease removal was 99.68% and yield of shikimic acid 

extracted was 7.51%. 

 Ethyl Acetate can be used as the solvent to extract shikimic acid from Palm Oil Mill Effluent as 

showed by TLC and FT-IR result. 

4.2. Recommendations  

Based on the result of this research, there are still further improvements needed to achieve better result 

in extracting shikimic acid from Palm Oil Mill Effluent (POME). Hence, several recommendations are 

made for the future research and studies in this interest. These are the recommendation made according 

to this research: 

 The recovery and the separation of the solvent from the sample need to be optimized to produce 

better result. 

 Another method of HPLC in measuring shikimic acid extracted could be applied to produce better 

separation peak in HPLC. 

 Further studies on POME degradation relation with the shikimic acid content needs to be done. 

 Further research need to be done to achieve higher shikimic acid yield. 
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Abstract: This study conducted to find the appropriate way to serve butterfly pea flower drink 

at home. The colorless, red, purple, and green transparent glass and colorless glass covered by 

aluminum foil used to contain four grams butterfly pea petal. A 250 ml of boiling water poured 

to the glass to soak the petal for 60 minutes. The color intensity and total anthocyanin of the 

liquid measured every five minutes. The regression slope analysis exhibited that light gave no 

significant decrease in color intensity and total anthocyanin. About 83% of color and 

anthocyanin extracted within 5 minutes. There was no significant increase of the color and 

anthocyanin after 30 minutes. Therefore, the maceration of butterfly pea flower in boiling water 

for five minutes was appropriate to serve the drink. Furthermore, to reach the maximum color 

and anthocyanin content the 30 minutes maceration is needed. The maximum anthocyanin 

content of the drink was 19.57 ± 1.16 mg/l or equal to 1.22 ± 0.07 mg per gram fresh petal. 

Keywords: anthocyanins, butterfly pea 

1. Introduction 

Butterfly pea (Clitoria ternatea L.) is a flowering ornamental plant that relatively easy to cultivate. The 

flowers have started to appear at the age of 4 to 6 weeks. At suitable conditions, the plant continue to 

flower every day for several years. Butterfly pea flower has been recognized as a potential source of 

anthocyanin called ternatins (Terahara et al., 1990). There are 9 types of ternatin in fully-opened 

butterfly pea flower (Kazuma et al., 2003). They are reported to have several health benefits such as 

antioxidant (Rao et al., 2009), antidiabetic and hypolipidemic (Daisy & Rajathi, 2009), 

anti-inflammation (Mukherjee et al., 2008) and anticancer (Morris, 2009).  

Anthocyanins are water soluble bioactive compound that stored in vacuole of the plant cell. 

Heat is usually needed to release the anthocyanins from vacuole. However, anthocyanins are relatively 

unstable. They are reported degraded due to the heat exposure during processing like extraction, 

pasteurization, sterilization, and blanching (Sadilova et al., 2009; Cisse et al., 2011). Other than heat, 

the stability of anthocyanins also affected by light, pH, oxygen, and enzyme (Patras et al., 2010). In 

general, anthocyanins exhibit higher stability when kept in the absence of light (Cavalcanti et al., 2011).  

The preparation of butterfly pea flower drink at home is relatively easy, i.e., by soaking the 

fresh petal in boiling water for several minutes and separate the solid residue from the liquid. However, 

there was no report describing the effect of heat during the maceration to the anthocyanin content of the 

drink. Secondly, related to the sensitivity of anthocyanins to light, there was no study to disclose the 

effect of different color of the glass to the anthocyanin content of the drink.  

2. Methodology 

Materials 

The fresh fully-open butterfly flower harvested from a garden in South Tangerang, Banten, Indonesia. 

The buffer solution pH 1 (potassium chloride and hydrochloric acid) was obtained from Merck® 

(Germany). 
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2.1. Maceration 

Each four grams of fresh petal added to colorless, red, purple, and green transparent glass and colorless 

glass wrapped with aluminum foil. The 250 ml of boiling distilled water poured into each glass, then the 

glass immediately covered by a cup cover. The maceration time was 60 minutes in room temperature. 

The color intensity (CI) and total anthocyanin (TA) of the liquid measured every 5 minutes by a UV-Vis 

Spectrophotometer (Genesys 10uv Thermo Electron Corporation, USA).  

The CI was determined as (Aλmax – A700) x DF (Cisse et al., 2011). The TA was evaluated d 

based on the single pH method (Lee et al., 2005). The 0.5 ml extract adjusted with buffer solution pH 

1.0 and the absorbance at λmax measured. The TA obtained by (A × MW × DF × 1000)/(ε × l). MW was 

molecular weight of cyanidin-3-glucoside (449.2 g/mol), DF was a dilution factor, ε was molar 

absorptivity (26 900), and l is the cuvette width.   

2.2. Statistical Analyses 

The statistical analyses involved were trend analyses (Pearson’s correlation, regression analysis and 

slope test) (Microsoft Excel® 2010 software, Microsoft Corporation). The significant level of all 

analyses was α= 0.05. 

3. Results and Discussion 

3.1. Color intensity and Total Anthocyanin 

The color intensity and total anthocyanin of the extracts made by soaking boiling water to fresh 

butterfly pea flower in the various color of glass are shown in Figure 1. The regression slope test 

showed that the color of glass gave no significant difference (p-value > 0.05) in the rate of color 

intensity and total anthocyanin increase during maceration. Hence, the use of dark or opaque glass as 

the container to extract the ternatins from butterfly pea flower at home was unnecessary. This was in 

alignment to the report that ternatins are amongst the most stable anthocyanin (Terahara, Saito, Honda, 

Toki, & Osajima, 1990). The high stability of ternatins was due to the intramolecular copigmentation 

configured by a hydrophobic interaction between the aromatic acids and anthocyanin chromophore 

(Yoshida et al., 2009).  
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Figure 1. Color intensity and total anthocyanin of butterfly pea flower extract during maceration 

in various glass color.  



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

130 

 

There was a very strong correlation between the color intensity and total anthocyanin (R2 = 

0.96). The total anthocyanin content (mg/l) during maceration for 5 to 60 minutes could be 

appropriately predicted by 14.18 x color intensity + 4.90.  

3.2. Three Phases of Color and Anthocyanin Increase During Maceration 

In this research, four grams of butterfly pea petal soaked in 250 ml boiling water. The amount was about 

equal to 20 pieces of the fresh petal. During maceration, there were three phases of the color intensity 

and anthocyanin increase in the extract (Figure 2). The first phase occurred between 0 to 5 minutes of 

maceration. At this phase there were rapid increase of color intensity and total anthocyanin. In average, 

83% of color intensity and total anthocyanin gained during this stage. This percentage was about equal 

to 16.31 ± 0.84 mg anthocyanin per liter or 4.1 mg anthocyanin per 250 ml. The high percentage of 

color and anthocyanin extracted indicated that the cell wall of butterfly pea flower was relatively easy to 

destructed. At the second phase (5 minutes to 30 minutes), there were slight increases of color intensity 

and total anthocyanin. The increase rate of color intensity and total anthocyanin in this phase were 

0.0013 absorbance unit (AU) per minute and 0.1 mg/l per minute, respectively. The approximate total 

anthocyanin content at the end of the second phase was 19.57 ± 1.16 mg/l or 4.89 mg/250 ml. The 

anthocyanin content came from the extraction of 4 grams fresh butterfly pea petal with 250 ml water. 

Hence, the anthocyanin content per gram of fresh petal was 1.22 ± 0.07 mg.  

The recommended daily intake of anthocyanins has not been established yet. However, China 

has currently defined a specific proposed level of 50 mg/day (Wallace & Giusti, 2015). Therefore, the 

anthocyanin content of the butterfly pea flower extract in a glass after 30 minutes was about 10% of the 

proposed level. The third phase was the stationary phase that began after 30 minutes to 60 minutes of 

maceration. At this phase there was no significant color or anthocyanin increase (coefficient of 

determination R2 < 0.35 and p-Value > 0.05). 
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Figure 2. Color intensity and total anthocyanin of butterfly pea flower extract during 

maceration in various glass color.  
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4. Conclusions 

The preparation of butterfly pea flower drink by soaking the petal in boiling water for 5 minutes was 

appropriate. The maximum anthocyanin content achieved by extending the maceration until 30 

minutes. The use of opaque or dark glass as the container for the maceration was not needed. During 60 

minutes of maceration, there was no significant effect of the light to the anthocyanin content. 
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Abstract: Various industrial and domestic applications such as automotive, aerospace, 

appliances and many others are electrically driven. Conventional methods of motor control had 

failed to produce desired performance of DC-motor due the system parameters variation and 

load changes. The Fuzzy-Logic-controller is one of the controllers that can handle non-linear 

system. This project is aimed to control the speed of a separately-excited DC-motor using fuzzy 

logic control. The system is simulated on MATLAB-Simulink and implemented on ARDUINO 

Uno development board. 

Keywords: Fuzzy-logic-controller, DC-motor, Separately-excited, DC motor drives 

1. Introduction 

DC-motors are widely used in many applications such as electric vehicles, electrical train, milling 

machine and other robotic system. DC-motors speed controller is carried out by means of voltage 

control in 1981 (C.C.Chan, 1987). Driven with specific controllers and functions, it has been seen as 

highly reliable, flexible and lowcost type of machine (Namazov, 2010). DC-motors are available in few 

types mainly the conventional brushes-commutator based DC-motor, permanent magnet based 

DC-motor and stepper mechanism based DC-motor. 

Separately-excited is one of a technique to operate brushes-commutator based DC-motor where 

both field and armature are excited by different power sources. Therefore, the field and armature can be 

independently adjusted to control the motor mechanical output such as speed and torque. 

Fuzzy-logic-controller (FLC) had extensively used in research and industrial applications (Li & 

Tso, 2010). This system is functioning by following the instructions of human learning. 

MATLAB/Simulink is used to simulate the control system and implemented using ARDUINO Uno 

microcontroller development board.  

2. Methodology 

The overall system hardware setup are as illustrated in Figure 1. 5-Vdc voltage supply is boost to the 

setting voltage as required for the speed control. This voltage is applied to the armature sides of the 

motor windings while the field is excited using variable power supply. For experimental purpose, this 

field supplied voltage are set as fixed variable. Generic switch-mode boost converter topology are 

implemented. Infrared proximity sensor is used to detect the shaft motion and through that the 

mechanical speed are encoded. The actual speed are compared with the setting speed. 

.  
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Figure 1. The hardware setup. 

Fuzzy logic controller are developed to generate FIS file from the toolbox. Triangular or 

trapezoidal shape is used as fuzzy sets. The system has two inputs named 'error' and 'change of error' 

and the output 'control'. This model is then converted to C-codes and uploaded to ARDUINO Uno board 

microcontroller. Mechanical speed of 1-horse power DC-motor are observed and analysis are made.  

 
    (a)                                                                     (b) 

 

 
(c) 

 

 
(d) 

Figure 2. The fuzzy logic controller memberships (a) Error (b) Control (c) change of error (d) Surface 

view. 
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The followings are rules applied in the system: 

1. If the error is positive large then the control is positive large.  

2. If the error is negative large then the control is negative large. 

3. If the error is zero and the change of error is negative large then the control is negative 

small. 

4. If the error is zero and the change of error is positive large then the control is positive 

small. 

5. If the error is negative small then control is negative small. 

6. If the error is positive small then the control is positive small. 

7. If error is zero then control is zero. 

As seen from Figure 3 (a), the reference speed and actual speed (input) are divided with 1500 

for crisp value. Speed error are computed and fuzzy rules applied to generate control (output). The 

output fed to the motor armature winding as the field is fixed.  Figure 3(b) illustrates the DC-motor 

simulation model implemented for this simulation. For actual hardware implementation, the output 

value is digitalized in form of duty cycle of PWM through ARDUINO Uno board as shown in Figure 3 

(c). The PWM is fed to the switch-mode boost converter as illustrates in Figure 1.  

 
(a) 

 

 
(b) 
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(c)  

 

Figure 3. (a) Simulink model of fuzzy logic control implementation on DC-motor (b) Simulink 

model of DC-Motor (c) The Simulink model that deployed through ARDUINO UNO board. 

Hardware implementation was done on Super Whirlwind Stepless DC-motor by Nan San 

Industrial Co., Ltd; 1-horse power DC-motor (Specification shown at Table 1) with setup are as 

indicated in Figure 4. Infrared proximity switch is used for speed encoding. Two (2) units of ARDUINO 

Uno boards utilized for speed encoder and FL controller respectively. A MOSFET IRF530N is used as 

the power electronics switch.  

Table 1: Specification of unit under test DC-motor. 

0.75KW 1HP TYPE DC-1 

ROTOR 175V        5.3A EXC. 200V      0.32A 

EFFI 76% RPM 1750 RPM 

DUTY CONT INS. B CLASS 

O.L.S 6304zz     6302zz N.W. 23.5kg 

NO. 0308 DATE 2002 
 

 

Figure 4. Actual hardware implementation experiment setup.  

3. Results and discussion 

The system is simulated under normal simulation mode with simulation stop time set to 10s. As result, 

the system response with overshoot value of 792rpm, final value 786rpm and rise time of 1.89s for the 

first part of transient state (0 to 800rpm step).  For the next step (800 to 1200 rpm), the system behaves 

similarly to a first order system with settling time of 0.5s. A perturbation has also occurs at t = 7s. Figure 

4 illustrates the simulation results.  
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(a) 

 

 
(b) 

Figure 5. (a) Compare of input and output of fuzzy logic controller (b) Speed error. 

Input voltage of fixed 5V is expected to be supplied from solar panel. The switch-mode DC-DC 

converter circuit is uses to accommodate low voltage supplies to the 1-horse power DC-motor (See 

Table 1 for specification). The uses of IR proximity sensor on the other hand is cheaper and effective 

enough for this speed feedback control purpose as it does not need to be accurately calibrated.  

As compared to the result from the work of Azman et. al. (Azman, Aris, Hussain, Samat, & 

Nazelan, 2017), for step-up step-response simulation, the proposed FLC separately-excited DC-motor 

behaves similarly. However the number of rules are reduced from 25 rules to 7 rules. This gives the 

model several advantages in real implementation on actual processor particularly in lowering 

computational latency and reducing the size of memory consumption. In order to reduce settling time, 

overshoot and eliminating unexpected perturbation, the system could be improved with the 

implementation of hybrid system; combining both FLC and the conventional PID controller as such 

done by Namazov, Basturk and Pothi (Namazov & Basturk, 2010; Pothi, 2017).  

4. Conclusion 

FLC is simpler and easier to be applied and implemented as compared to the conventional PID 

controller. It does not requiring designers to acquire the complex mathematical model of the system 

dynamics. From the step response, the result shows that the speed of separately-excited DC motor could 

be controlled effectively with FLC. Within the 10s sample of simulation, perturbation has occurs during 

the steady-state. However, this perturbation is significantly small and therefore is negligible. This 

developed model is adequately suitable to be applied of many applications that not highly sensitive to 

error or could expose hazards to consumers. This system should be sufficiently safe for fan, blower, 

pump and simple robotic application. Moreover, the system is also practically suitable to be applied for 
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undergraduate laboratory exercise to expose newbies to FLC and its application in power electronics 

and motor drives.  
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Abstract: Providing equal healthcare quality on heart diseases are an issue in developing 

countries, especially in Indonesia, due to is wide-spread areas. It is founded that the heart 

diseases occur not only in big cities but also in rural areas, that is caused by unhealthy lifestyle 

and foods. Heart disease itself is a disease with gradually symptoms changes that can be seen 

based on the hearts' electrical activity or electrocardiogram signals. Now, wearable medical 

devices are capable to be worn daily, so that, it can monitor our heart condition and alert if there 

is an abnormality. An embedded device worn on the chest can be used to perform a real-time 

data acquisition and processing of the electrocardiogram, that consists of a 1-lead ECG, an 

ARM processor, a Bluetooth module, an SD card, and rechargeable batteries. Also, by 

performing a digital filter and Tompkins algorithm, we obtain the P-wave presences and the 

heart rate variability values (heartbeat, average heartbeat, standard deviation, and root mean 

square) then by using an artificial neural network with 4 input, 6 hidden, and 1 output layers that 

has multi-layer perceptrons and backpropagation. We are able to perform a pre-diagnosis of 

atrial fibrillation, that is one of the common arrhythmias, from 41 recorded training samples 

(Physionet MIT/BIH AFDB and NSRDB) and 6 healthy subjects as test samples. The neural 

network has 0.1% error rate and needed 31548 epochs to train itself for classification the heart 

disease. Based on the results, this prototype can be used as a medical-grade wearable device that 

can help cardiologist in giving an early warning on the user's heart condition, so that it can 

prevent sudden death due to heart diseases in rural areas. 

Keywords: Heart disease, atrial fibrillation, wearable device, artificial neural network, 

real-time data analysis. 

1. Introduction 

Atrial Fibrillation (AF) is a common heart disease that is prevalence as increased age > 65 years old. 

Now, wearable medical devices are capable to be worn daily, so that, it can monitor our heart condition 

and alert if there is an abnormality. By connecting our medical devices to the smartphone that is 

commonly named mHealth, it is one example of digitalization in healthcare that can be done easily 

using wireless technology, such as Bluetooth, Wi-Fi, etc. 

So, to implement mHealth to the real-world application, we need to find new measurement 

techniques in our daily activities, to digitalize standard clinical medical device for data analysis, and to 

adapt the device to the ongoing regulations in clinical usage (Bhavnani et al., 2016). Another example is 

by using the iPhone with a single-lead ECG to perform a rapid AF screening by using an algorithm to 

detect the absence of the P-wave and manually interpret by the cardiologist (Lau et al., 2013). 

Usually, to identify the AF, we can use the R-to-R interval analysis by calculating the absolute 

deviation and the difference between successive R-to-R intervals (Ghodrati, Murray and Marinello, 

2008). This method is commonly used by the smart-watch or wrist-band heart rate measurement device 

that is normally a fitness device. 
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Figure 1. The ECG Signals Intervals and P-wave conditions: normal (color: grey) and Atrial 

Fibrillation (color: red). 

Also, artificial intelligence has entered the healthcare sector in aiding or suggestions on the patients' 

heart conditions. By combining artificial neural networks algorithm with these fitness devices on the 

wrist has great results by analyzing the beat-to-beat (Rezaei Yousefi et al., 2019).  

As shown in Figure 1, it is the Electrocardiogram (ECG) signal with intervals and normal 

duration that can differentiate from normal and abnormal with the PQRST-wave characteristics. In AF 

detection, the P-wave shape-form reflect the phase of the cardiac cycle when the stimulus transmitted 

from the SA node to the AV node at the heart’s atrium. In the condition of AF, the heart’s atrium will 

fibrillate due to the spread of the electric stimulus so that the P-waveform is rippled or flat. Beside the 

absences of the P-wave (Figure 1 red), the irregular heart rate is another parameter that shows AF. Also, 

there is a guidelines for AF (Camm et al., 2010) that considered the AF from irregular heart beat, the 

absence of the P-waves, and the atrial length cycle > 300 bpm. Those characteristics can be seen in the 

ECG results by measuring the 30 seconds of 12-lead ECG or 24 hours to 7 days ambulatory ECG for 

stroke survivors (Hodgson-Zingman et al., 2008).  

In this research, we implement both methods (P-wave presences and irregular heart rate) by 

extracting those parameters from the ECG signals using digital filters and peak detection algorithms. 

Later, the ANN is used to classify between normal and AF. 

2. Methods 

 

Figure 2. General Flow Diagram of the ECG Signals to classify AF.  

The first step to analyze the AF is by acquiring and pre-conditioning the ECG signals using the 

single-lead ECG from the AD8232 with analog filters and amplifiers, then, the signals are acquired 

using a microcontroller ARM Cortex M4 on the Teensy 3.2 development board as shown in Figure 2. 

The feature extraction is implemented using the Tompkins algorithm (Pan and Tompkins, 1985) as 

digital filters and peak detection algorithm to receive the R-to-R interval for heart rate, average N-to-N 

interval (ANN), standard deviation ANN, and root mean square ANN. Also, the P-wave presences are 

calculated from the P-wave peak detection.  

After four ECG signal parameters are retrieved, those parameters are then inputted to the 

multi-layer perceptron neural networks with back-propagation to train the neural network so that it can 

classify AF. The training sets are taken from the Physionet Atrial Fibrillation Database (AFDB) and the 

Normal Sinus Rhythm Database (NSRDB) (Goldberger et al., 2000) that consists of 41 records. Also, 

we used 6 records normal healthy subjects as the tests sets. 
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As shown in Figure 3 is the configuration of the neural networks that consists of 4 input 

parameters (ANN, SDANN, rMSSD, P-wave presences), 6 hidden layers, and 1 output that is 

implemented in an embedded device in the form of a wearable chest-strap for daily usage. The neural 

network is trained until the error is 0.1% in classifying between normal and AF.     

 

Figure 3. The Artificial Neural Network Configuration with Training Sets of 41 records and Test 

Sets from 6 Normal Healthy Subjects that will be transferred to the Wearable Chest-strap 

ECG. 

The embedded device worn on the chest can be used to perform a real-time data acquisition and 

processing of the electrocardiogram, that consists of a single lead ECG, an ARM Cortex M4 

microprocessor at 24 MHz clock frequency, a Bluetooth Low Energy 4.0 module, a micro-SD card, and 

3.7 V 220 mAh Li-ion rechargeable batteries. The chest-strap itself is a typical fitness tracker form with 

2 poles as the dry electrodes measurement points that is like the standard ECG position lead-I left 

arm-to-right arm. The device can be worn continuously for 21 hours in a single charge that need 20 

minutes to charge until full. So, all the algorithms to classify AF is computed in this chest-strap device 

in real-time. 

Table 1. Processed ECG Parameters of the 41 Records of Normalize Data of AFDB and NSRDB as the 

Training Sets. 

ANN SDANN RMSSD 
P-wave 

Presence 

Output AF (1) 

or Normal (0) 

x1 x2 x3 x4 y 

0.40 0.64 0.15 0.68 1.00 

1.00 0.05 0.12 0.87 1.00 

0.27 0.78 0.09 0.96 1.00 

0.35 0.77 0.27 0.94 1.00 

… … … … … 

0.32 0.07 0.05 0.97 0.00 

0.16 0.07 0.05 0.97 0.00 

0.53 0.07 0.05 0.97 0.00 

0.65 0.07 0.05 0.97 0.00 

In Table 1, we can see the normalized training sets data that consists of four extracted ECG signal 

parameters: ANN, SDANN, RMSSD, and P-wave presence from 41 records AFDB and NSRDB, each 
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record has more than 24 hours of recorded data. The ECG signal extraction algorithm had calculated the 

ANN, SDANN, RMSSD and the P-wave presences was calculated from the P-wave peak algorithm. 

The parameters are normalized to a value range from 0 until 1, so that the neural network can classify 

the AF. Also, the output node has a value from 0 until 1, whereas 0 is normal and 1 is AF. 

3. Results 

After configuring the neural network’s input, hidden, and output layer, we train the neural network with 

the desired training sets and record the epochs needed to achieve 0.1% error in classifying AF. The 

hidden layer nodes were the variable that we change to achieve the same error value with the lowest 

hidden layer nodes, so that, we can implement it on an embedded system with limited memory for the 

matrix.  

 

Figure 3. The Results of the ANN Epochs and False Classifications with different Hidden Layer 

Nodes from 4 until 8 Nodes. 

Table 2. Results of the 31548 Epochs AF Classification Weights and Thresholds with Supervised 

Training Process using Back-propagation with 4 Input, 6 Hidden, and 1 Output. 

Input 

Weights 

(wij) 

J 

 1 2 3 4 5 6 

 

i 

1 4.1523 2.6107 -5.2214 2.2574 3.9854 2.5748   

2 4.1854 2.8748 -5.0966 2.485 1.9937 1.5094   

3 2.0437 1.4594 -2.4432 1.4068 -2.3246 -1.8103   

4 -2.5246 -1.5103 3.1774 -1.4105 -0.1393 -0.203   

Hidden 

Weights 

(hjk) 

K 

 1 2 3 4 5 6 

 j 1 6.8769 4.3342 -9.2277 3.7552 -0.8606 -0.8818 

 

Theta (θj) 

J 

1 2 3 4 5 6 7 

1.315 0.9214 -1.6332 0.6927 0.1855 0.0038 1.2175 

 

The results of different hidden layer node values can be seen in Figure 3. The initial hidden 

layer node value is 4 that is same as the input layer node, then we increase the value until we see the 

false classification of the AF is starting to be stable. In the training processes, the neural network 

back-propagation will adjust the weights and threshold of the perceptron with sigmoid activation in 
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every loop until it achieves the 0.1% error value, that is usually called epochs. We consider the lowest 

epochs and lowest false classification value at the lowest number of nodes to be implemented in the 

firmware of the embedded system.  

In Table 2, we can see the computed results on the PC of the classification of the AF using 4 

nodes input, 6 nodes hidden, and 1 node output layer from 31548 epochs to achieve 0.1% error rate. The 

weights consist of input weights (wij) with matrix of 4 x 6 values and hidden weights (hjk) with matrix of 

1 x 6 values, also the threshold theta (θj) has 7 values. These values are the knowledge in determining 

the AF from the normal sinus rhythm or normal heart condition. 

Table 3. Test Sets from Healthy Subjects 

ANN SDANN RMSSD 
P-wave 

Presence 
Test Results 

x1 x2 x3 x4 y 

0.00 0.86 0.12 0.97 0.60 

0.58 0.15 0.02 1.00 0.00 

0.09 0.72 0.09 0.91 0.40 

0.58 0.16 0.12 1.00 0.00 

0.22 0.53 0.16 0.87 0.40 

0.27 0.47 0.09 0.93 0.10 

Based on the findings of the minimum nodes needed to classify the AF, we perform a test sets 

that consists of 6 normal healthy subjects to the feed-forward neural network with the knowledge to 

classify the AF. In Table 3 are the results from 6 test subjects with the output value y varied from 0 until 

1, where 0 is classified as normal and 1 is AF. Some of the values are in between the given range but 

there are two subjects that is positively normal with the value 0. 

4. Discussions and Conclusions 

In this research, we had developed a real-time ECG signal acquisition and processing by using the 

artificial neural network to classify the AF in an embedded device worn on the chest. The embedded 

device has a single-lead ECG with analog filters to pass only the ECG signal and to be acquired by a 

10-bit analog-to-digital converter on the ARM Cortex-M4 microprocessor at 200 samples/sec, then the 

ECG signals will be extracted every 3 seconds to retrieve the heart rate and P-wave presences. Next, the 

heart rate variability values are computed to result the ANN, SDANN, and RMSSD that is related to the 

irregularity of the heart rate as one of the AF parameters. Also, the P-wave presences is calculated every 

3 seconds to find the percentage of the P-wave appearance that is related with the fibrillation at the 

heart’s atrial. Both, of these parameters are used to determine AF. 

Previously, artificial intelligence has been used for arrhythmias with artificial neural network 

(Modarressi et al., 2016) and convolution neural network (Rajpurkar et al., 2017), however, deep 

learning (Yuan et al., 2016; Shashikumar et al., 2017; Gotlibovych et al., 2018) has been used to for AF 

classification from the heart rate.  

However, in this research we have implemented an artificial neural network on an embedded 

device to classify AF from irregular heart rate and P-wave presences percentage. So, this prototype can 

be used as a medical-grade wearable device that can assist or even give help to the cardiologist by 

providing the AF knowledge to the embedded device and pre-diagnose the user's heart condition.  
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Abstract: This paper focuses on the development of thread-based sensor for proprioception 

sensing in finger and knee. The thread sensor is made by dipping cotton thread into carbon 

nanotube (CNT) dispersion. The electrical and electromechanical properties of the thread 

change depending on the dipping parameters. The resistance of the CNT-Coated threads 

changes due to in-plane force, exhibiting a piezoresistive-like mechanism. The CNT-coated 

thread functioning as strain gage is sewn into hand glove and yoga pants. The thread sensor will 

stretch upon finger or knee bending, and its resistance will change accordingly. Using this 

wearable sensor, proprioception detection is conducted for finger bending and sit-to-stand 

movement. 

Keywords: Carbon Nanotube, Cotton Thread, Proprioception, Wearable Sensor 

5. Introduction 

Proprioception is the sense of the effort to make movement of one’s parts of the body (Elsevier, 2013). 

The loss of proprioceptive sense may affect muscular control. Many neurological and orthopedic 

conditions are related to proprioception such as stroke (Kenzie et al., 2014). Therapies have been 

applied and proven to be effective (Aman, Elangovan, Yeh, & Konczak, 2015). Therapies can be 

assisted by using orthosis, or prosthesis in the case of missing body part. In order that an assessment can 

be done during the therapy, there is a need to detect and sense the relative position of one’s part of the 

body to the others, hence proprioception sensing. 

For therapy assessment purposes, this can be carried out using camera and image recognition system, 

called as visual proprioception monitor (Pauwels & Kragic, 2015). However, such system is complex 

and cumbersome. Furthermore, it cannot be made portable, let alone wearable by the person undergoing 

the treatment. Previously, silver nanoparticles (AgNP) have been patterned on cotton fabrics to develop 

stretchable sensor for finger’s proprioception sensing (Yuen et al., 2014). While the sensor performs 

quite well, AgNP is a rather expensive nanomaterial with potential toxicity towards human’s body. In 

1991, Carbon Nanotube (CNT) was discovered by Iijima (Iijima, 1991). CNT has fascinating 

electronic, and mechanical properties. The atoms bonding on CNT is very strong and CNT has high 

electrical conductivity. CNT has been applied in several applications. CNT has also been used to coat 
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thread for finger proprioception sensing (Shafi & Wicaksono, 2017). CNT-coated thread offers a lower 

cost, stretchable and wearable sensor for proprioception sensing. 

In this work, we extend further the application of CNT-coated thread to sense proprioception, in 

different parts of the body, namely the fingers and the knee. The CNT-coated thread is sewn into glove 

and stretchable yoga pants to function as wearable sensor for detecting finger flexion, and sit-to-stand 

postural change. 

6. Materials and Methods 

6.1. Materials 

In this project, the CNT-coated thread that was fabricated by Shafi (Shafi & Wicaksono, 2017) was used 

as the main sensor. Firstly 100% cotton thread was scoured to remove its wax. The scoured thread was 

then coated with Multi-Walled CNT (MWCNT) dispersion by using facile conventional dipping drying 

method. The thread was dipped ten times and was then calibrated. 

6.2. Dynamometer Calibration Method 

The CNT-coated thread was manually sewn to a stretchy cloth, as shown in Figure 1(a), with a strain 

pattern like shown in Figure 1(b). The strain gage form has 5 vertical lines with 4 horizontal lines. The 

vertical lines are 2.5 cm and the horizontal lines are 0.5 cm each. Each end of the cloth was clipped with 

a black paper clip for steadier configuration. As seen in Figure 2, one of the paper clips is being held up 

by a dynamometer 5N to control the strain given, while the other is firmly held in its position. 

 

Figure 1. (a) CNT-coated thread sewn to a cloth, (b) the strain gage pattern 

The thread will be pulled by 0.5 N, 1 N and 1.5 N with the vertical pull direction from the illustration in 

Figure 1 (b) (i.e. along the d axis). An alligator cable was clipped on each ends of the thread and 

connected to a multimeter for the resistance reading. The measurement was done repeatedly with 

different number of thread line and different initial length of the thread. 

 

 

 

 

 

 

                              
(a)                        (b) 
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Figure 2. Setup of the dynamometer calibration method 

6.3. Glove Calibration 

The CNT-coated thread was sewn manually to the index finger part of a glove with a strain gage pattern 

as shown in Figure 3. The strain gage form has 3 vertical and 2 horizontal lines. The vertical lines are 2 

cm long and the horizontal lines are 3 mm and 2 mm respectively. Then each end of the thread near the 

strain gage pattern was clipped to the alligator clip. The alligator clips were then clipped to digital 

multimeter where one of the clips was connected to the positive electrode and the other clip was 

connected to the negative electrode. The glove was worn by a subject. The resistance of the thread was 

measured at three different positions: straight, 45 degrees bent and 90 degrees bent positions (Figure 4). 

The measurement was repeated until five times. 

Figure 3. CNT-coated Thread Sewn to a Glove 

Figure 4. Index finger bend position 

 

dynamometer 

CNT-coated 

thread in cloth 
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6.4. Pants Calibration 

First, the CNT-coated thread was stitched manually to the knee part of a stretch/yoga pants as shown in 

Figure 5. Alligator cable was clipped on each end of the CNT thread. The digital multimeter was 

connected to the alligator cable with one clip connected to the positive electrode and the other one to the 

negative electrode. The resistance of the CNT thread strain during sitting position was measured. The 

subject was moved to half stand position (the knee joint bent is approximately 45 degrees). The 

resistance of the CNT thread after the strain was measured. The subject was moved to standing position. 

The resistance of the CNT thread during standing position was measured. The measurement was then 

repeated until five times. The measurement was then repeated with the pants during sit position adjusted 

until the resistance value is similar to the first sitting value. Figure 6 shows the sit-to-stand movement. 

 

 

 

 

 

 

Figure 5. Stitched CNT-coated thread to knee part of a stretch/yoga pants 

 

 

 

 

 

 

Figure 6. Sit to stand position 

7. Results and Discussion  

The strain gage was calibrated with the in-plane stress. The parameters obtained from the measurements 

are: force (F), number of lines (n), initial resistance (Ri), final resistance (Rf), initial length (li) and final 

length (lf). The parameters obtained from the calculations are: resistance difference (ΔR), length 
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difference (Δl), relative resistance change (ΔR/R0), normal strain (ε), and gage factor (GF). Equation (1) 

shows the formula for calculating resistance difference. Equation (2) shows the formula to calculate the 

length difference. 

   ΔR = Rf – R0       (1) 

   Δl = lf – l0       (2) 

The relative resistance change can be determined from its symbol if the corresponding data is available 

or using the equations (3) and (4), where it is the result from multiplying the normal strain with gage 

factor. 

   ε = Δl/l0      (3) 

   ΔR/R0 = ε x GF     (4) 

7.1. Dynamometer Method 

The graph in Figure 7(a) shows the relationship between the change in resistance and the change in 

relative strain of the thread design. The experiment was done repeatedly on the same distance value, 2.5 

cm, but with different number of designed turns each time. The relative strain for the different designs 

are the same when given the 0.5, 1 and 1.5 N. The gage factor value for the designs with 3, 4 and 5 lines 

are relatively close together with a mean of -3.0398 ± 0.1353. 

Figure 7. (a) Graph of relative resistance change to normal strain in strain gage with dia. of 2.5 

cm; (b) Graph of relative resistance change to normal strain in one thread with different 

length 

The results show a small increase in GF (absolute value) as the number of turns increase. In some cases, 

when it is required for a low degree of bending or stretching, high GF (sensitivity) is needed. More 

elaborate research on the relationship of the number of lines and GF value must be done before 

acquiring the best design. The result in Figure 7(b) shows the relationship between the change in 

resistance and the change in relative strain of single threads with different lengths. For the same force 

given, 0.5, 0.1 and 0.15 N, the relative strain is different for each thread (refer to eq. (3)). The gage 

factor value of the threads varies greatly. No trend is palpable at this stage, and no correlation is found. 

The 5 cm thread produced the greatest GF value at -9.3728, while the 7.6 cm thread produced the lowest 

GF value at -4.4483. 

7.2. Glove Calibration 

The result in Figure 8(a) shows the resistance characteristic of the thread. As a strain -bending the 

finger- was given to the thread, the resistance decreases. Based on this method results, the relationship 

between resistance and strain given is inversely proportional. This pattern is consistent with a value of 

1729.143 ± 96.56 kΩ, 2050.154 ± 129.80 kΩ, and 2276.143 ± 102.82 kΩ for respectively 90 degrees, 

 
   (a)       (b) 
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45 degrees, and 0 degrees of bending. The repeatability is however very low, due to drift. It will have to 

be calibrated before each usage. 

7.3. Pants Calibration 

The resistance of the thread decreased as it received strain from the knee bending. The resistances are 

33979.375 ± 4056 kΩ, 48043 ± 2988.211 kΩ, 58477 ± 3328.133 kΩ for sitting, half-standing and 

standing positions, respectively. A calibrated resistance method was used in the hope to increase the 

measurement repeatability for each position. During the sitting position, the pants are set in certain way 

that it would mimic the first sitting resistance value. Figure 8(b) shows the resistance for each knee 

position. The resistances are 31484 ± 358.08 kΩ, 46740 ± 2322.09 kΩ, 62904 ± 2312.69 kΩ for sitting, 

half standing and standing positions, respectively. It proves to be quite a good method since the values 

are not as fluctuating as before. 

Figure 8. (a) Graph between angle bent and the corresponding resistance of CNT-coated  thread 

measured in the glove; (b) Graph of the resistance over the knee position (standardized in sit 

position) 

8. Conclusion 

To conclude, the gage factor is directly proportional to the thread length. The resistance, however, is 

inversely proportional to the change in length. Current findings show that the increasing number of lines 

in the strain gage design increase the absolute value of GF. The direct correlation between the initial 

length of a single thread to the resistance, however, is yet to be figured out. To reduce the offset, it is 

better to do some adjustment before starting a measurement cycle. A more thorough calibration must be 

done before the CNT-coated thread can be used as a reliable wearable sensor. 
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Abstract: The knee exoskeleton is a device that assists users with weak knees to walk. It 

consists of a mechanical construction put around the human knee which is equipped with an 

actuator for movement. One mechanism that can be used to mimic movement of the real knee is 

the four-bar linkage. This research explores the possibility of using pneumatic air muscles as 

actuators for a knee exoskeleton with four-bar linkage implementation. A pneumatic air muscle 

is a single-acting linear actuator that contracts when filled with pressurized air, mimicking 

muscle contraction. It is much lighter than electrical motors, but—according to characterization 

done in this research—is difficult to control due to its inconsistent torque output. Nevertheless, 

this research shows that simple gait movements can be simulated using a knee exoskeleton 

actuated by pneumatic air muscles with an on-off control scheme. 

Keywords: Pneumatic air muscle, knee exoskeleton, four-bar linkage, gait cycle 

1. Introduction 

Modern developments in technology have allowed artificial devices known as orthoses to aid human 

limb movement and support. One common orthosis is a leg exoskeleton that improves the strength of 

the knee joint and guides its movement in a fixed direction for users who do not attain proper use of 

their knee. Motorized exoskeletons, however, tend to be heavy and inconvenient due to inclusion of an 

actuator and means of power transmission. 

This research aims to create an active knee exoskeleton with automatic actuation that is 

lightweight and cost-effective. The pneumatic air muscle (PAM) and the four-bar linkage mechanism 

(4BL) are to be used in the prototype. 

2. Literature Survey 

2.1. Human Gait Cycle 

To provide an accurate walking simulation for the user, the knee movement of the exoskeleton needs to 

match the natural progression of the human knee during a typical gait cycle. The three joints of the leg 

conform to a particular pattern during walking. The purpose of the exoskeleton is to use the current 

angle of the hip as reference to position the knee at a certain angle. As the hip changes angle throughout 

the user’s gait, the knee follows along creating a certain pattern of progression 

2.2. Preceding Research Projects 

In 2016, Adamlu et al. (2016) designed a knee exoskeleton of a fixed size using a leg brace as the 

supporting structure and an electric DC motor paired with a gear-train as the primary actuator. This 

design, however, was slow and heavy, with an operating gait speed of 2 Hz and a weight of 4.7 kg. 

In 2017, Santo et al. (2017) redesigned the exoskeleton to feature a frame made primarily of 

light 3D-printable material as well as early implementation of the PAM and 4BL. The design, however, 

was yet to be wearable and lacks an input-to-output mathematical model of the actuation. 
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2.3. Pneumatic Air Muscle 

The PAM is a single-acting cylinder with the following advantages: light weight, customizability, safe 

operation, easy replaceability, and low cost. However, the PAM is difficult to precisely control and its 

actuation force decreases over its contraction. The PAM is to be created from a rubber tube clamped on 

both ends and given a fitting on one end. This McKibben-inspired design is to be the primary actuator of 

the exoskeleton to reduce the weight and cost. 

3. Methodology 

3.1. Material and Component Selection 

The exoskeleton is to read the following inputs: hip angle, knee angle, and foot position. These points 

are read by an inertial measurement unit (IMU), a potentiometer paired with a 15:1 gear-train, and a 

limit switch in the bottom of the fleet, respectively. With these three data, the system is able to 

determine at which point of the gait cycle the user is currently in. These data are recorded and processed 

by an Arduino microcontroller. The Arduino houses the program written in C++ language, and also acts 

as the power source for all three sensors (each using 5V). The knee angle is actuated using the PAM, 

which is controlled by a solenoid valve. An optocoupler relay is used to step-up the voltage output of the 

Arduino to accommodate for the valve’s voltage requirement of 24V. 

 

Figure 1: Components used in prototype 

All control devices and other complementary components are housed in an acrylic box 

separately from the exoskeleton. This is a safer alternative and allows the user to move freely without 

carrying the electrical system on their leg. 

3.2. Load Analysis 

The actuator is required to be able to withstand the load during the entire gait cycle. The knee 

experiences two kinds of loads, one for each half of the gait cycle: the swing phase and stance phase. 

The swing phase occurs when the foot is in the air, and the stance phase on the ground. 

During swing phase, the load on the knee comes from the weight of the bottom half of the leg. 

The instantaneous load can be calculated using the following formula: 

      (1) 

Where Tw is the torque on the knee, hb is the user’s height, mb is the user’s mass, ϕ-ϕc is the knee 

angle, and β is the hip angle. Using the average measurements for the typical human leg, the user’s mass 

and height can used to find the center of mass of the bottom half of the leg as well as its distance from 

the knee. The user is assumed to be 170 cm in height and 70 kg in mass. The swing load is a 

second-order function with a maximum value of 6.45 Nm at a hip angle of -3.5°. 
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During stance phase, the load on the knee comes from the weight of rest of the body. Whereas 

the swing load changes with knee angle, the stance load only applies to a knee angle of 0° and can be 

found using the following formula: 

       (2) 

Where Ws, Wb, and Wl are weights of the shank, body, and thigh, respectively, rs is the length of 

the shank and rcs is the length between the knee and the shank’s center of mass. The human body is 

assumed to have a shank angle of 10° when standing. Assuming the user is 170 cm in height and 70 kg 

in mass, the standing load is 37.053 Nm, or 18.527 Nm/leg. 

    

Figure 2: Torsion on the knee and relevant variables during the stance and swing phases 

3.3. Pneumatic Air Muscle Experimentation 

The PAM design follows that of Jeremy Santo’s. It is designed to be as light as possible and minimize 

cost. Required materials include a 6x10 latex tube, two 5/8” hose clamps, 18 mm nylon cable sleeves, a 

5 mm pneumatic hex fitting, and a hose nipple. 

A testing rig was also created to gauge the pulling force of the PAM for each contraction length. 

This rig consists of an aluminum profile frame and a luggage scale fixed into place. One end of the 

PAM is tied to the aluminum frame, and the other to the scale. Note that PAMs only provide pulling 

force. A PAM of length 25.8 cm is tested for pressures of 2, 2.5, 3, 3.5, 4, and 5 bars. 

 

Figure 3: Contraction vs force graphs for all tested pressures 

Results are shown in Figure 3 for all pressures. The graph shows that the PAM’s output force 

decreases with contraction, and higher pressures allow for higher overall forces and ultimate 

contraction length. Although the PAM was designed to prevent bloating, creasing, and exploding at 

higher pressures, lower pressures are preferred as it reduces risk of danger and encourages use of 

smaller compressors for portability. Lower pressures, however, result in lower forces against load. An 

operating pressure of four bars is ultimately used for the exoskeleton. 
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4. Results and Discussion 

4.1. Gait Testing 

The exoskeleton is to have an on-off control system due to difficulty implementing PID onto the PAM. 

This means that the knee is either flexed or extended with no stopping room in-between. To determine 

where in the gait cycle the knee needs to be flexed or extended, the cycle is divided into four stages in 

sequence which transition when a certain condition is fulfilled: terminal stance, swing, terminal swing, 

and stance. The extending PAM is activated during the swing and terminal swing phases, and the 

flexing PAM is activated during the stance and terminal stance phases. 

 

Figure 4: Gait cycle divided into four segments based on PAM actuation 

The exoskeleton is designed to have a knee flexure of 28.7°, which is the minimum allowable 

angle for the leg to be able to pass through the swing phase.  For gait testing, the exoskeleton is held by 

hand to progress through the four stages. The knee is able to flex up to 27.04°. This reduction is possibly 

caused by paddings added in the 4BL to absorb impact. 

 

Figure 5: Exoskeleton knee progression vs natural knee progression 

The exoskeleton cannot replicate the smooth movement of the human knee. However, it can 

roughly allow gait via the four stages mentioned earlier. Actuation speeds vary with an average of 

roughly 0.2 seconds, which is enough for the average walking speed of 1 Hz. 

4.2. Load Testing 

To test the torque of the exoskeleton, its thigh segment is held in place and a variable weight (rice 

bucket) is hung at a certain distance from the knee. The torque conforms to a certain pattern due to the 

knee angle, and to find this function, the knee angle is recorded as the weight is varied. Accounting for 

the gravity constant and distance of the weight to the knee, the extending torque can be derived from the 

following formula: 
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       (3) 

Where Tw is the load torque, W is the weight of the rice bucket, and β+10° is the angle of the 

knee. This creates the following graphs, comparing the experimental torques to the designed torques. 

   

Figure 6: Extending (left) and flexing (right) PAM torques (experimental versus design) 

 

Figure 7: PAM and load torsions (actual) 

The actual extending PAM performance has a reduction beginning from 6 Nm to 15 Nm 

towards the end of the operating range of the exoskeleton. As with the extending PAM, the actual 

performance is significantly weaker with a torque reduction beginning from 19.5 Nm to 4 Nm towards 

the end of the operating range. In addition, the peak is shifted from 1.5° to 12° knee angle. 

The extending PAM torsion at zero knee angle is 1.9 Nm, which supports only 10.3% of the 

standing load (from 18.5 Nm). The flexing PAM torsion at maximum flexure is 2.7 Nm, which supports 

only 28.4% of the highest counter-torque load (from 9.5 Nm). This percentage increases towards lower 

knee angles as the force of the flexing PAM becomes stronger and the counter-torque becomes weaker. 
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The flexing PAM is, however, able to withstand the counter torque without the user’s leg up to about 

27°. 

This significant difference between designed torque and actual torque may be caused a number 

of things. One, an incorrect assumption that the PAM attains its contraction-to-force ratio regardless of 

its length as long as the hose’s diameter, hose’s thickness, sleeve’s diameter, and materials used remain 

the same. This may not be the case as the sleeve as an absolute limit in diameter. Another possible 

reason is errors in mathematical modelling due to several approximations as well as unreliable 

experimental data due to inconducive experiment environments or inaccurate data-taking. 

5. Conclusion 

In conclusion, the proposed design is, in actuality, only able to withstand a small percentage of the 

standing and swing loads. The code and on-off control system work as intended and can roughly 

simulate human gait when worn. The resulting exoskeleton is wearable on one leg, however, wearing 

two concurrently may not be possible as it remains too thick to fit in-between the legs. It has smooth 

movement from the 4BL formation, a weight of 4.2 kg, an operating range of about 27°, and a minimum 

operational pressure of four bars.  
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Abstract: An energy supply system consists of a system of power plants and transmission and 

distribution systems that supply electrical energy. The present project is limited to the modelling 

of the generation system. Its objective is the design and implementation of a web-based 

application for simulating energy supply systems using the Laravel framework. The project 

focuses on six modules representing geothermal energy, solar energy, biopower, hydropower, 

storage, and fossil-based energy that are allocated to satisfy a given power demand. It is 

executed as a time series modelling for an exemplary year with hourly resolution. The 

development of the software is divided into four steps, which are the definition of the user 

requirements, the system design (activity, use case, system architecture, and ERD), the software 

development, and the software testing (unit testing, functionality testing, validity testing, and 

user acceptance testing). The software is successfully implemented. All the features of the 

software work as intended. Also, the software goes through validity testing using three different 

input data, to make sure the software is accurate. The result of the testing is 100% accuracy with 

respect to the underlying model that was implemented in an excel calculation. 

Keywords: Energy Supply System, Power Plants, Renewable Energy, Laravel Framework, 

Simulation Software, Web-Based Application. 

1. Introduction 

 

Figure 1. Electric Consumption (ESDM, 2017). 

Figure 1 shows that in 2017, the electric power consumption in Indonesia is 1000 kWh per capita 

(ESDM, 2017). It steadily increased from 2014 until 2017. The installed power plant capacity in 

Indonesia is 60 GW (ESDM, 2017). It increased 7 GW from end of 2014 until 2017. In Indonesia 

non-renewable energy resources still dominate the generation of electricity, less than 10% is generated 

from renewable energy resources (Günther, Ganal, & Bofinger, 2018). If Indonesia continues relying on 

non-renewable energy resources, depletion of these resources will be a thread in the future. Also, the 

electricity prices tend to rise because the non-renewable energy resources are getting scarcer. 
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There are several factors why renewable energy is the best choice to replace the non-renewable 

energy. First, the price of renewable energy technologies, such as solar PV, has fallen (Tropitech, 2014). 

Second, renewable energy can be used also in the long run, by definition it does not get depleted. To use 

the renewable energy, it is required to have a supply system to manage the energy supply and to control 

the exceed energy from the power plants. 

An energy supply system is a system that supplies electrical energy. The energy demand is not a 

fixed number, but it depends on the consumer. To simulate the energy supply system, a detailed 

calculation is required. This research focuses on six modules: solar energy, geothermal energy, 

biopower, hydropower, storage and fossil-based energy. Based on Matthias Guenther (personal 

communication, 16 November 2017), simple software that provides a calculation of the energy supply 

system is difficult to find. For each type of energy, there is a different data input and there are different 

formulas. 

The objective of this research is to design and implement a web-based application for the 

modelling of energy supply systems. The software is developed to replace a previously existing excel 

tool by a web-based application. The study is significant in the sense of making an existing simulation 

strategy available to users. 

2. Related Works 

2.1. Homer Energy 

Homer Energy is a software for finding optimal power mixes and for avoiding costly mistakes 

(HOMER Energy LLC, 2018). It has nine modules including Bioenergy, Hydropower, Combined Heat 

& Power, Advanced Load, Advanced Grid, Hydrogen, Advanced Storage, Multi-year, MATLAB Link 

(HOMER Energy LLC, 2018). The advantage of this software is that it has all energy modules. It has 

many features and it gives a tour to a new user. The disadvantage of this software is users are required to 

buy the software in order to get the full version, otherwise, the users only get the trial version. 

2.2. Energy Plan 

EnergyPlan is a software to simulate the energy systems for each hour (Aalborg University, 2015). It 

has been developed since 1999. EnergyPlan has five categories: electricity, heating, cooling, industry, 

and transport sectors for all national or regional energy system (Aalborg University, 2015). 

EnergyPlan’s main purpose is to analyse the energy and analyse the economic impact of various energy 

strategies (Aalborg University, 2015). In EnergyPlan, each module can be compared with another 

module. It focuses on how the future energy system will be operating. The output of EnergyPlan is the 

energy balance, the total cost, the annual production, and the fuel consumption. 

3. Methodology 

3.1. Research Overview 

There are four steps to developed the software. First, the software is developed with the user 

requirements. The second step is the system design. In the system design there is ERD, architecture 

diagram, flowchart, activity diagram, and use case diagram. The third step is the software development, 

in this software development there are software framework and calculation flowchart. In this step, the 

cycle goes to the user requirements because maybe there are new user requirements. The forth step is 

software testing to test the accuracy of the result from the software by comparing the software result 

with the excel result. In software testing there are unit testing, functionality testing, validity testing and 

user acceptance test (UAT). This step is to make sure the software works well as intended. Also, in this 

step, the cycle goes back to the user requirements because maybe there are new user requirements. 
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3.2. Architecture Diagram 

The architecture diagram of this system software is the user accesses the website from a browser that 

sends a request to the server. The server calls the right route. Then the route calls the controller and the 

controller calls the right view. Before the controller calls the right view, it goes to the database to 

retrieve the required data. After that, it goes back to the user’s browser. 

3.3. Activity Diagram 

Figure 2 shows the Activity Diagram of the software. First, the user inputs the data of electricity used 

per hour. Then the user saves it into the database. After that, the user can choose the energy module. 

Next the user inputs all the required fields that show on the page. Each energy module has its specific 

input fields. After the user click submit, the data goes to the system and the system calculates the data 

and saves them into the database. Finally, the user can choose whether he wants to choose another 

energy module or whether he wants to view the result. 

 

Figure 2. Activity Diagram 

3.4. Software Framework 

The software is built with Laravel Framework and the programming language of Laravel is PHP. There 

are several factors that makes Laravel Framework preferable to other frameworks. First, Laravel 

Framework already separates three folders, which are Model, View, and Controller (Nguyen, 2015). 

This makes the Laravel Framework easy to configure and to maintain. Second, Laravel Framework can 
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have custom validations for the input fields. The software is a web-based application, which is easy to 

maintain and which is accessible both from mobiles or desktops.  

Table 1: Validity Testing Input 

 

3.5. Validity Testing 

Validity testing is done to check whether the algorithm that is used in the software gives the same results 

as the formulas in excel. In this paper, there are three validity tests with different inputs. 

3.5.1. Load 

The three validity tests use two different load time-series comprising one year, i.e. 8760 hours. 

3.5.2. Modules 

Table 1 shows the input for each module. In the solar energy module, there are name, irradiance, and 

temperature for two places. Each place has 8760 hours. 

3.6. User Acceptance Testing 

User Acceptance Testing (UAT) is a test to make sure that the software satisfies the user requirements 

before the software is released (Rouse, 2010). In this paper, the UAT was made by one person only who 

is an expert in supply systems. Only the user authentication and main features that is tested with the 

UAT. 
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4. Results 

4.1. Validity Testing Result 

Table 2: Comparison Result 

 

Table 2 compares the simulation result from the software and from the excel tool for scenario 1, 2, and 

3. Result 1 specifies the total of electricity that is covered with the different energy modules and the 

Result 2 specifies the percentage the respective type of energy contributes to the power mix. For some 

types of energy, the accuracy is 100%. But there are other types where the difference amounts to 0.01% 

to 0.03%. 

The difference occurs because in the software the result values for each formula are not rounded, 

only the final result is rounded. On the contrary, in excel, all values are rounded. For example, in the 

solar energy module there are four functions, and one function is a loop through 8760 iterations. In the 

software, the value of each iteration is not rounded so that the final result is not 100% accurate, even if 

the difference is only 0.01% to 0.03%. For the geothermal energy module, which contains only one 

function, the accuracy of the result in the software with respect to the one of the excel tool is 100 %. For 

the fossil energy module, even if it contains only one function has an accuracy below 100% because the 

function depends on the storage function that has sixty-nine functions. For biopower, which has nine 

functions, the accuracy is 100%. 

For all three validity tests the results are almost 100%, which means that the algorithm of the 

software mirrors very well the formulas in excel. These results can be used for the decision makers. 

4.2. User Acceptance Testing Result 

The result of UAT for each feature of the software is all the features are acceptable by the user. There 

are some remarks on some features of the software. For the user authentication it was commented that 

the gender field is not necessary for the usage of the software. For the simulation system it was 

commented that the example file in load and solar page should contain 8760 lines because the system 

should execute simulations for one year. For the simulation results it was commented that the charts 

should be in the right position with respect to the load curve. 
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5. Conclusion 

The result of this paper is to replace the existing excel tool by a web-based application. The software is 

successfully designed and implemented as explained in the Results section. The software is developed 

using Laravel framework. The programming language is php. The software is tested with four different 

test types: unit testing, functionality testing, validity testing, and user acceptance testing. The result of 

unit testing and functionality testing is that all the features of the software work perfectly. The result of 

the validity test is that the calculation algorithm is accurate as explained in the Result section. The result 

of the UAT is that the software is acceptable for doing the simulation of energy supply systems. 
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Abstract: In this research, ultrasonic sensors are implemented to measure distances for an 

autonomous human-following luggage robot. The system consists of the luggage robot and the 

wireless transmitter device which is held by the person acting as a target. The robot is equipped 

with two ultrasonic sensors mounted on the top of it, acting only as receivers, two DC motors to 

drive the robot, and an Arduino board acting as microcontroller. Meanwhile, the transmitter 

device has one ultrasonic sensor. The luggage robot is designed to follow the person by 

following the signals sent by the transmitter device. In order to determine the direction of the 

target, a microcontroller is used to measure time difference of the signals received by the 

receivers mounted on the top of the luggage.  A program is developed to compute the direction 

and distance to where the robot should move according to the transmitter device. The 

microcontroller then controls the motors through the H Bridge to make speed adjustment on 

both motors according to the direction of movement.  

Keywords: autonomous human-following robot, ultrasonic sensor, Arduino microcontroller 

1. Introduction 

Today, people’s activities require them to stay mobile all the time with all the things that they have to 

carry such as books, papers, food and drink and bags. With all that in their hands, they will have hard 

time opening doors, taking calls and even greeting people. It will be helpful if they have  luggage which, 

like no ordinary luggage, follows them around without dragging their luggage  all the time. 

The main idea of this research project is to develop a luggage robot that follow the owner 

around and stops at a distant when the owner stops walking. With this robot, they can pack our things in 

it and do not have to worry about occupying their hands by dragging the luggage here and there.  

 

Figure 1. System Overview 
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The whole processes are first the Arduino mega on the transmitter side will tell the ultrasonic 

sensor to send signals to the direction of the robot. The signals then received by the ultrasonic sensor 

receivers placed on the right and left edge of the robot. The time difference between the receivers is then 

to be calculated using the Arduino on the robot side to determine the direction of the robot needs to 

move and also the speed of each motor which will be controlled by the motor driver. 

2. Luggage Robot Design 

2.1. Mechanical Design 

The luggage body is made entirely with ply wood. Wood is chosen because it gives adequate rigidity 

with a lot cheaper cost than metal sheet.  The luggage body consists of several parts; the back side, the 

right and the left side, the top side and the bottom side as seen in figure 2. 

 
(a) Luggage Body 3D 

View 

 
(b) Right 

and Left 

Side 3D 

View 

 
(c) Bottom Side 3D View 

 

  
 

(d) Free wheel leg and Plastic Wheel 3D 

View  

 
(e) Final Mechanical Design 

 
(e) Pololu Universal Alumanium 

Mounting & Hub 

Figure 2. Mechanical Design of Luggage Robot 

The free wheel leg needs to be deployed for the luggage robot to move around. The leg keeps 

the luggage robot balanced and prevents the robot from toppling over to the front or to the back side. 

2.2. Mechanical Calculation of Luggage Robot 

This research project uses two DC motors to drive the luggage robot. Based on its specifications, the 

motor is suitable for this research project. Since the luggage robot uses three wheels, each wheel carries 

a third the weight of the total load. The loads that each wheel carries are approximately 3 kg and able to 

move and follow human’s normal walking speed which is 2 km/h or equal to 0.56m/s. The radius of the 

luggage robot wheel is 62.5 mm. The rolling friction coefficient is assumed to be 0.1 then we can 

calculate the force of the motor needed to produce the amount of torque. 

 

Figure 3. Illustration of Newton’s Second Law 
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  (1) 

Assume gravitational force is 9.81 m/s2 and the acceleration is 0.3 m/s2 which is found by the 

maximum velocity 0.6 m/s within 2 seconds we got the motor force needed is 11.53N, then we can find 

the torque. 

   (2) 
The torque needed for each motor to be able to carry the load of the luggage, with r = radius of the wheel 

and sf = safety factor of 1.5 is 11.02 kg.cm. 

In order to find out whether the motor can catch up with human’s walking speed, linear velocity 

can be found using the formula below, 

  (3) 

From the calculation, with 100 RPM and 62.5 mm wheel radius the linear velocity is found to 

be 0.66 m/s which means it is enough to catch up with human’s walking speed which is 0.56 m/s. The 

torque needed is 11.02 kg.cm and the motors used have 16 kg.cm torques which is more than enough. 

2.3. Differential Drive Kinematics Modelling 

The wheel movement is on 2D plane (x,y) and the wheel is free to rotate about its axis, and it is directly 

proportional by the angular velocity of the wheel, and given by: 

    (4) 

L

Vr

Vl

Vlin

Vr
Vl

Vlin

X-axis

Y-axis

L

R
L/2

ϕ 

Center of

Curvature

 

Figure 4. Illustration of Differential Drive Motion 

Figure 6 shows the point of Centre of Curvature (CoC), in which the luggage robot rotates 

around it. It also avoids slippage and has a pure rolling motion. The CoC lies on the common axis of the 

two riding wheels. In case of differential drive, the changing velocities Vl and Vr of the two left and right 

wheels. The luggage robot will move and follow any different trajectories with the same angular speed 

for both left and right wheels. 

The right and left wheels linear velocities in terms of mobile angular speed can be seen as 

follow: 

    (5) 

   (6) 

where R is the distance from CoC to the midpoint P. The distance, R between the two wheels 

can be found as: 
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   (7) 

and because the vectors for linear speed of wheels Vl and Vr are orthogonal on the common axis 

of the driven wheels, we can determine the equation to represent the angular velocity of the luggage 

robot: 

   (8) 

The instantaneous linear velocity of the luggage robot   is defined relatively to the point P.  

It is a result of linear velocity of the left driven wheel,  and respectively the right driven wheel . 

This two drive velocities,  and  are permanently two parallel vectors and perpendicular on the 

common mechanical axis of the two driven wheels. 

   (9) 

The movement of the luggage robot will follow these rules: 

 When  =  , then the radius, R is infinite, the luggage robot moves in a straight line 

 When  ≠  , the CoC point located at a distance R from the robot center point P, the luggage 

robot follows a trajectory round, either moving to the left or to the right. 

2.4. Program Design 

There are three (3), main algorithms for the program design, firstly the Distance Measurement 

Algorithm, secondly the Ping Sequence and the last is the Motor Update Algorithm. The flowcharts can 

be seen on figure 5a, figures 5b and figure 5c. 

 

Figure 5a. Distance 

Measurement Flowchart 

 

Figure 5b. Ping Sequence Flowchart 

 

Figure 5c. Motor Update Flowchart 

The initial distance measurement is used to decide whether the luggage robot will start to move 

once it is turned on. It works by receiving the signal transmitted from the transmitter device and 

calculate the distance which is done by the ultrasonic sensor receiver on the robot side 
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The ping sequence is started once the initial distance measurement indicates that the distance 

from the luggage robot to the target transmitter is more than 60 cm. The sequence start by listening ping 

signal from the transmitter unit and wait for either ping1 or ping2 to receive the signal first. Once one of 

the ping receives a signal, record and save the data set point for that ping. Once the data set point is 

saved, wait for the other Ping to receive the signal and record the data set point. After two data set points 

from each of the Ping is present, calculate the data to find difference between the Ping and distance. 

This calculation results in deciding where the target transmitter is present, either left side or right side of 

the luggage robot. 

The motor update program starts when data from the ping sequence program is present. The 

program is taking the result data from the ping sequence and drive the motor towards the direction. The 

motor update program works by continuously given data from the ping sequence program about the 

direction where the luggage robot needs to move. Once the direction is decided, the program write 

digitals and analogs signal through the Arduino board to control the motor. In order to make a turn one 

motor needs to rotate faster than the other wheel while the other wheel is only half of the speed. 

3. Testing, Result and Discussion 

3.1. Movement Testing and Result 

The movement test was conducted to analyze the performance of the luggage robot regarding its 

movement capability. The test was divided into two parts, to test the straight movement of the luggage 

robot and its capability in making turns, right and left turn. The test was done by attaching marker to the 

free wheel leg so the actual path of the luggage robot can be seen. 

 

Figure 6a. Straight Path 

Test 

 

Figure 6b. Turning Right 

Test 

 

Figure 6c. Turning Left Test 

For the straight path testing, the path of the robot is not exactly straight due to the attempt of the 

luggage robot to keep the guidance point, which is the transmitter device, in the middle of its receivers, 

thus overshoot from the calculation could happen making the robot turn more than expected. 

In case of turning right and left testing, the test was done by making the robot turn in smaller 

radius thus the experiment was done in a room to simulate tight operating area. Figure 6b and figure 6c 

show the tests were successfully achieved. 

3.2. Weight Testing 

The test was conducted to compare the time needed to travel a distance while carrying load and with no 

load. This test shows how weight will affect the speed of the motor. 

Table 1 Comparison Speed Testing under load and no load 
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Table 1 shows the difference of the time needed for the luggage robot while carrying 5 kg load 

and without carrying any load. The average of the data was calculated and the difference is found. The 

time difference is 2.5 seconds while the average speed difference is 0.11 m/s, indicating each 5 kg of 

weight added will affect the speed by 0.11m/s until the weight is too much for the motor to handle 

causing stall. 

3.3. Reliability Testing According to Human Walking Speed 

This test was conducted to see the reliability of the luggage robot as illustrated in figure 15, regarding its 

capability to follow the owner in various walking speed, simulating a practical use of the luggage robot 

where the walking speed of the owner may be varied. The test consists of several experiments varied by 

the owner walking speed, slow, moderate, and fast. Other variables such as time and distance travelled 

before loss of signal is also considered. The experiments were done in a straight path.    

Table 2 Result of Reliability Testing 

 

 

Figure 7. Reliability Test Configuration 

Table 2 shows the result of the three tests conducted in slow, normal and fast walking speed. 

The results of the test can be concluded that the robot is able to follow the owner with 100% success rate 

if the owner walks at slow speed, 70% success rate if the owner walks at normal speed and 0% success 

rate if the owner walks too fast or running. The data indicates the luggage robot is not capable in 

following human who walks at fast speed. This is again due to the distance between the luggage robot 

and the human are greater than 2 meters, out of range of the ultrasonic sensor capability. 

4. Conclusion 

In conclusion, the design and development of the Autonomous Human-Following Luggage Robot has 

been accomplished and the research’s objectives have been achieved. Implementing ultrasonic sensors 

were proven to be able for distance-measuring and obtaining directional sense for the robot and to 

develop a program for the luggage robot based on actuators and sensor’s feedback. The luggage robot is 

able to follow human holding the transmitter and the differential drive kinematics concept is proven to 

be able to drive the robot to the direction according to the transmitter device. 
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Abstract: The goal of this research is to detect Surface Electromyography (SEMG) signal from 

a person’s arm using Myo Armband and classify his / her performed finger ges-tures based on 

the corresponding signal. Artificial Neural Network (based on the machine learning approach) 

and Principal Component Analysis (based on the feature extraction approach) with and without 

Fast Fourier Transform (FFT) were selected as the methods utilized in this research. Analysis 

results show that ANN has achieved 62.14% gesture classifying accuracy, while PCA without 

FFT has achieved 30.43% and PCA without FFT has achieved 48.15% accuracy. The three 

classifiers are tested using SEMG data from a set of six recorded custom gestures. The 

comparison results show that the ANN classifier shows higher classifying accuracy and more 

robust rather than the PCA classifier’s classi-fying accuracy. Therefore, ANN classifier is more 

suited to be implemented in classifying SEMG signals as hand gestures. 

Keywords: Bionic hand, surface electromyography, artificial neural network, principal 

component analysis, gesture classification 

1. Introduction 

The Surface Electromyography (SEMG) signal measures the diff erence of electrical potential in an 

arm’s muscles during its contraction. Therefore, the signal is characterizing a muscular activity in doing 

so. However, the signal itself always has some degree of noise in it (Reaz et al., 2006). This particular 

noise can aff ect a gesture recognizer to an extent, making it characterize muscular activities not as well 

as it should be. Concurrently, characterizing muscular signals using EMG has become very useful in 

constructing a bionic hand. If the gesture recognizer is able to make out a custom gesture from its 

wearer, based on the EMG data and despite its noise, it could be very useful for the development of a 

fully functioning bionic hand. 

Classifying custom gestures such as grabbing gesture or pointing direction gesture based on 

EMG data would be a quick example. However, to do that a gesture classifier software must be 

designed. The feature extraction and machine learning method will be used in this study as the method 

to classify EMG signals. Feature extraction is actually commonly used in computer vision applications, 

i.e. to classify objects and images (Nixon, 2013). On the other hand, ma-chine learning is commonly 

used in big data applications, i.e. stock market predictions, online surveys, etc (Oladipupo, 2010). The 

same concepts of either methods could also be applied in classifying EMG signals (Hai, 2002). The 

Principal Component Analysis (PCA) method is chosen from many other methods of feature extraction 

(such as partial least squares, kernel PCA, etc.) because it has relatively easier implementation method, 

does not need too many raw data and has considerably fast computation time (Keho, 2012). Also, 
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Artificial Neural Network (ANN) method is chosen from many other methods of machine learning 

(such as Recurrent Neural Network, Convolutional Neural Network, etc.) to classify custom gestures in 

this thesis project because it has a lot of customizable parameters, simpler neural network model, has 

the capability to achieve a high classifying accuracy, robust, and very adaptive in many applications 

(Shanmuganathan, 2016). 

2. Materials and Methods 

This research’s main focus is to find out the accuracy comparison between the two methods (PCA and 

ANN) to recognize hand gestures. To achieve the objective, a software package is constructed to work 

on the main tasks: recording the EMG data based on performed gestures, training a classifier model 

based on the recorded data and classifying a gesture dataset based on the trained classifier model. The 

classifier model is set to recognize a fixed amount of custom gestures. Then, experiments on tuning the 

parameters from each classifier model are taken to achieve the highest accuracy. 
 

2.1. Myo Armband as EMG Sensor 

Myo is a wearable gesture control (using eight EMG sensors) and motion control (using nine-axis IMU 

sensors) device that is very customizable and user-friendly (Smith, 2014). Myo Armband is designed by 

the company Thalmic Labs. It reads electrical activity of the wearer’s muscles and the motion of their 

arm. It’s also a device that could fit a wide range of arm sizes, because it is equipped with removable 

fitters. Myo’s developers at Thalmic Labs already provided the community with an open source 

Software Development Kit (SDK). It allows EMG data recording and real-time EMG data streaming, 

which are the crucial parts in this research. See the Myo Armband device in Figure 1. 

  

Figure 1: Thalmic Labs’ Myo Armband (Good, 2018). 

In this research, the raw data and filtered data streamed by the Myo will be recorded in separate 

sessions to be put into comparison in classifying the same custom gestures. Filtered data stream, in this 

case, will take out environment noise from the Myo, which will smooth out the signal. On the other 

hand, unfiltered data will be streamed as is, without any filter applied to it (raw data). The EMG data 

stream will be recorded in two separate datasets: training dataset and evaluation dataset. This is done to 

evaluate the classifier model that are created using the training dataset using the diff erent evaluation 

dataset. The recording will be done for a fixed duration. See the recorded gestures in Figure 2. 

Find the development computer specifications used in this research as reference in Table 1 

below. This much processing power of the computer is needed to achieve faster model training so that it 

could reduce development time. 
 

2.2. Principal Component Analysis 

The main idea of PCA is to find out which of the sensor reading pairs are the main contributor of the 

characterization of the muscular activity, without needing much time to finish its computations. 
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Figure 2: The set of 6 custom gestures. 

Table 1: Computer specifications. 

 

PCA uses a mathematically derived matrices to compute the features of the input data to 

classify gestures. The following subsections will explain more on how to process the eight EMG 

sensors’ data to calculate the data’s principal components using the PCA method. This matrix 

manipulation method is developed using the Karhunen-Loève transformation theorem (Webb, 2001), 

which is also an expansion of the PCA transformation. It is based on the concept of reduced dimension 

space, meaning that the total eight sensors are not all used to diff erentiate a set of gestures. Instead, only 

some of them that already describe the main ’features’ are used (Shlens, 2005). To start the computation, 

firstly, samples of input data taken from Myo are collected and archived. These samples are kept at the 

same timeframe to minimize errors and redundant data in the calculations. 
 

2.3. Artificial Neural Network 

Neural network is currently being developed as the state-of-the-art system to classify data and solving 

control problems on non-linear systems. It is popular because of many reasons, some of them are its 

model’s robustness and high classifying accuracy. With enough training data and good parameters 

setup of the network model, the system can achieve a high accuracy in classifying gesture data (Song et 

al., 2008). To construct a neural network model, many of open source libraries can be used, i.e. 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

174 

 

Google’s TensorFlow, Caff e, etc. An artificial neural network can also be constructed using MATLAB 

/ Octave by deriving the forward and backward propagation equations. This research will utilize the 

well-documented and also open source Google’s TensorFlow library to implement neural network for 

custom gesture classification (Ertam and Aydin, 2017). First a training EMG data is collected for 

custom gestures. All training data are kept at the same timeframe, to minimize errors and redundant data 

in the network model. Then, reference output is assigned to each of the training data to be the setpoint 

for the model’s learning. These input data are then fed into the neural network model through forward 

propagation (Sandberg, 2001), and then evaluated back to recalculate the weights of the neurons inside 

the model through backward propagation. 

3. Results and Discussion 

The results of the gesture classifying experiments with parameters modification will be presented in this 

chapter. Each classifier method will have their each parameters and experiments setup. 
 

3.1. PCA Classifier 

The tests were basically done for diff erent threshold values, which starts from 10% until 65%, with 

increments of 5%. The threshold values chosen were based on the sensitivity of the choosing results of 

the eigenvectors will have as minimal changes as possible for each experiment. Though, in some cases 

there are no diff erence at all when the threshold values are changed. For each threshold values, the tests 

were done with FFT and without FFT. See Table 2 for the accuracy means of FFT method and non-FFT 

method taken from all threshold values tests (sample size: 12). 

Table 2: Accuracy average for FFT and non-FFT calculations in PCA evaluation. 

 

The results show that on average, unfiltered data evaluation produces higher accuracy overall 

than filtered data evaluation. However, the impact of FFT is clearly shown in the unfiltered data tests 

(9.93% accuracy diff erence) rather than on filtered data tests (3.76% accuracy diff erence). In short, the 

results prove that the PCA classifier will have better classification results based on unfiltered data 

processing. This is supported by the fact that in unfiltered mode, the EMG data recorded does not have 

its signals filtered by removing spiked values, powerline noise, etc. Such filters oftentimes will remove 

some of the data itself that creates a feature that describes its own gesture. Table 2 shows that this does 

indeed occur in the EMG data filtering of the Myo. Lower results in the evaluation indicate that the 

classifier does not diff erentiate the gestures (classifying them from extracted features) properly. 
 

3.2. ANN Classifier 

The analysis on ANN classifier will be based on the data type (filtered or unfiltered data). ANN 

classifier is best trained with raw data, without having any signal processing done before it at all (Singh 

et al., 2014). Unlike the classifying method using PCA, it is advised to prepare information-rich raw 

data as much as possible for the ANN training node. The ANN model will then be fed by many diff erent 

types of events occurred in the data, therefore it will make the network grow smarter as it receives more 

information. The experiments will be using two types of trained model (from filtered and unfiltered 

data), and the evaluation dataset will also use two types of data (filtered and unfiltered dataset) for each 

trained model. However, the ANN model’s parameters themselves will also determine the accuracy of 

the evaluation tests. To summarize, the training results of both data types are represented in Table 3. 
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Table 3: Accuracy average for trained ANN model using filtered and unfiltered data. 

 

On average, the evaluation tests using filtered evaluation datasets scored higher in both trained 

filtered and unfiltered ANN models. See the evaluation accuracy average summarized in Table 4. 

Table 4: Average evaluation accuracy of ANN method. 

 

From Table 4, it can be seen that filtered dataset tested on trained unfiltered ANN model 

pro-duces an overall higher accuracy than the other tests. This proves that the ANN model is better 

trained with unfiltered data, which contains more information than the filtered dataset. As have been 

illustrated before back in the EMG data logger node, the raw EMG data (unfiltered) logged more of the 

EMG data’s characteristics including occassional signal spikes and other random events compared to 

the filtered EMG data. 

3.3. Classifier Comparison 

PCA classifier uses two methods overall, which are the FFT-method and non-FFT-method, to evaluate 

the gesture data. These two methods off er diff erent kinds of approach in classifying the evaluation data, 

in which also produces diff erent results for the accuracy. On the other hand, the ANN method presents 

one approach in classifying the data, however it is done by classifying diff erent data types. In this case, 

only the highest accuracy out of the two data types will be taken for comparison. In terms of accuracy, 

the ANN method scored higher than the PCA method. This could be analyzed from various diff erent 

point of views, in which one of them is the fundamental way of the data processing. Basically, PCA 

method uses the dimensional reduction concept, which eliminates information that are deemed 

unnecessary by doing the SVD calculation, and takes only important features that describe the gestures 

data to classify them. In reality, the extracted features did not always describe the gestures correctly. 

While in the ANN methodology, the neural network model learns about the characteristics of the EMG 

data by feeding raw data that contains many untinkered information about itself. This way, the model 

learns all about the data without having some reduced information and still, it gets better when it learns 

more data (requires more data logging time). To see the best and worst result from all evaluation 

experiments in all methods, see Figure 3. 
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Figure 3: Best and worst evaluation accuracy comparison. 

Statistically, both PCA methods (with and without FFT) tested on both filtered and unfiltered 

data types showed significant status at p < 0:5, with f-ratio value of 8.28403 and p-value of 0.000177 

(using one-way ANOVA method). This shows that indeed the two methods (with and without FFT) are 

significant to each other in terms of independent methods. For ANN method, both trained filtered and 

unfiltered models’ evaluation results tested on filtered and unfiltered datasets are also calculated 

statistically. It shows that indeed they are significant as independent methods at p < 0:5, with f-ratio 

value of 369.31296 and p-value < .00001. 

4. Conclusion 

The EMG data have been recorded and stored in the respective directories based on their data types. The 

gesture classifier software have also been developed using both methods (PCA and ANN) as a package 

to recognize custom hand gestures. The highest custom gesture classifying accuracy from the PCA 

method have been produced by using FFT and non-FFT methods. ANN method used filtered dataset 

evaluated on a trained unfiltered data model to produce the highest accuracy. PCA classifier with FFT 

reaches a classifying accuracy of 48.15%, PCA classifier without FFT reaches 30.43%, and ANN 

classifier reaches 62.14% accuracy. All stated accuracy percentages were taken from each methods’ 

experiments’ results. 
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Abstract: Waste is becoming a prevalent problem in Indonesia. Waste is overproduced to the 

point that waste landfills are constantly struggling to keep up, and are forced to do destructive, 

polluting methods. Recycling campaigns have been organized and socialized into the society to 

promote and motivate recycling in order to tackle waste problems, but failed to do any 

significant impact. Difficulties in finding recyclable waste buyers and insufficient information 

of recyclable waste market price further demotivates society to recycle. This paper introduces 

eLDUS, an electronic auction for recyclable waste auctions, as a solution to attract and motivate 

society to recycle their waste. A prototype is developed in the form of mobile applications and a 

web service to facilitate e-auctions for prospective sellers and buyers. To further engage and 

retain users in continuing the usage of eLDUS, gamification is implemented into the system 

with the help of the Octalysis framework. A closed beta test involving ten respondents are then 

conducted. Respondents’ responses are analyzed to find insights and draw conclusions. The 

concept is well-received and can attract and motivate respondents to recycle. The prototype has 

been evaluated to be very intuitive, easy to use, safe, and convenient in general. The 

implementation of gamification has been found to provide positive impact to the respondents’ 

experience. 

Keywords: Electronic Auction, Gamification, Recyclable Waste, Software Development 

1. Introduction 

1.1. Background 

Waste is becoming a prevalent problem in Indonesia. On average, a person produces 700 grams of waste 

each day, totaling 175 thousand tons of waste produced in Indonesia every day (Jong, 2015). 69% of the 

waste goes to landfills or final disposal sites. Those disposal sites are constantly struggling to cope with 

the ever-growing waste amount, and are forced to do quick, destructive methods, such as burning the 

waste (which causes air pollution) or simply throwing the waste into the sea (which causes sea 

pollution) instead of preservative, albeit slower methods such as recycling. 

The core problem that needs to be solved is society’s motivation to do proper waste 

management. There are several organizations and communities who have committed themselves in 

collecting and sorting recyclable waste, ranging from Bank Sampah (translated into Waste Bank, where 

they will purchase recyclable waste from residents nearby), educational institutions, and informal 

communities. The waste they collected is usually sold to a buyer for fundraising. 

However, it is difficult to find a suitable recyclable waste buyer for new entrants. They often do 

not have information about their whereabouts and when they do find one, price is usually skewed to the 

buyer’s advantage, leaving the seller with a smaller earning, which may demotivate them. 
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1.2. Objectives 

The main objective of this research is to develop an electronic auction platform which is exclusive to 

recyclable waste. Gamification will then be implemented to this platform to increase overall user 

engagement. Additionally, interviews will be done to find society’s interest towards the concept.  

1.3. Significance of Study 

This research tests and observes whether the novel idea of an electronic auction platform can attract and 

motivate society to recycle. Additionally, this study studies whether the implementation of gamification 

can provide positive impact to user’s experience in using the application provided. 

2. Literature Review 

2.1. Auctions and Electronic Auctions 

Auction is a process of selling or buying goods and services in the form of participants entering a bid 

with the intention of finalizing the transaction to the highest bidder. Electronic auction, as the name 

implies, is an auction held online, with eBay as a popular example. Among all existing types, the most 

common type of e-Auction is the English auction (Wahaballa et al., 2015). 

A typical auction is either a forward auction or a reverse auction. Forward auctions are auctions 

whose primary goal is to drive the price to the highest attainable. On the other hand, reverse auctions 

attempt to drive the price to the lowest attainable, and is usually used in procurement processes. 

Aside from single-unit auctions, there are also multi-unit auctions, where multiple units of item 

(be it heterogeneous or homogeneous) are sold together in a single auction. Multi-unit auctions are 

usually done with sealed bids, with each buyer writing down their desired quantity and the price per unit. 

The auctioneer then gives the requested number of items to the highest bidder, continues to the second 

highest bidder, and so forth until the stock is exhausted. The price to be paid differs according to the 

auction type, which are either a uniform-price auction or discriminatory-price auction (Baisa & Burkett, 

2018). 

2.2. Gamification 

Gamification is a process of incorporating game elements into a non-game environment to improve 

overall user engagement (Oprescu et al., 2014). It tries to include game mechanics, such as levels, 

progression, statuses, and others, into an established environment, in hope to encourage and motivate 

users in continuing the use of the application. 

Octalysis is a popular gamification framework created by Yu-Kai Chou. According to Octalysis, 

there are eight core drives of gamification, which are Epic Meaning & Calling, Development & 

Accomplishment, Empowerment of Creativity & Feedback, Ownership & Possession, Social Influence 
 

3. Relatedness, Scarcity & Impatience, Unpredictability & Curiosity, and Loss & Avoidance (Chou, 
2015). 

2.3. Octalysis-based Gamification Example 

Interactivia.ro is a non-formal educational platform situated in Romania. The platform has an average 

daily page-view of 170 and average time spent of two minutes. Unsatisfied with this result, the 

developers decided to gamify their platform with the services of CaptainUp, a loyalty program platform 

which offers gamification features to their clients. CaptainUp’s gamification features implements all 

eight Octalysis’ core drives and successfully expands and integrates them into website-based platforms. 

After careful testing and analysis for about fifteen months, it has been concluded that the 

inclusion of CaptainUp has resulted in a 12.5 times increase in Interactivia.ro’s platform traffic (Maican 

et al., 2016). 
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2.4. Existing Waste-related Businesses and Applications 

The researchers have found four waste-related businesses in Indonesia which has released their services 

in the form of web pages or mobile applications. The businesses are named Angkuts, Sampahmuda, 

Gringgo, and Simalu. 

3. Analysis and Design 

3.1. Research Overview 

Before starting the prototype development, business requirements have to be established first. The 

requirements are analyzed and then translated into a set of diagrams as the basis of the prototype 

development. The first prototype is then alpha tested to ensure that all business requirements are met. 

Results of the alpha test is then analyzed and considered for improvements in the second 

development cycle. The second prototype is then used for the closed beta test. Ten respondents have 

been selected and interviewed. Their answers are then used to find further insights and draw conclusions. 

Figure 1 illustrates the research overview. 

  

Figure 1: Research overview 

3.2. Business Model Considerations 

There are two considerations: eLDUS being a C2C (Consumer-to-Consumer) e-commerce or C2B 

(Consumer-to-Business) e-commerce, and then eLDUS built with an online marketplace infrastructure 

or an electronic auction infrastructure. 

Due to the conditions requiring eLDUS to be easily scalable and with minimum capital 

provided, it is decided that eLDUS will be a C2C e-commerce, acting only as an intermediary platform 

between sellers and buyers. 

The electronic auction infrastructure is chosen over online marketplace because the sellers 

(which are new entrants to the recyclable waste market) are not informed with the current market price. 

With auction infrastructure, we let buyers (who knows the market value) set the prices and compete 

against each other in biddings. In optimal condition, the bidding should continue increasing until the 

highest bid has reached near the market value. 

3.3. Gamification Implementation 

Based on the Octalysis framework, eLDUS will implement seven out of eight core drives, which can be 

seen in detail in Table 1. 
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Table 1: Implementation of gamification in eLDUS 

 

 

3.4. Architecture Diagram 

The architecture of eLDUS can be seen in Figure 2. eLDUS are divided into three subsystems, which 

are eLDUS Penjual (Buyer) mobile application, eLDUS Pembeli (Seller) mobile application, and 

eLDUS backend server which also serves as the API endpoints for the mobile applications. 

 

Figure 2: Architecture diagram of eLDUS 

3.5. Workflow Overview 

The process in eLDUS to complete a single transaction is divided into four main phases, which are 

configuration phase, bidding phase, handshaking phase, and transaction phase. In configuration phase, 

sellers will list their waste to be auctioned and set several configurations of their auction. In bidding 

phase, buyers will bid on available auctions. Sellers will choose by themselves which offer they want to 

take. 

Buyers who have their offer accepted by a seller will continue to the handshaking phase, and 

will be send to a negotiation room, where the buyer and seller will further negotiate additional details, 

such as delivery cost, delivery methods, etc. If an agreement is reached, then they will continue to the 

transaction phase, where the actual transaction is done. Table 2 describes in detail what buyers and 

sellers can do in each main phase. 
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Table 2: Use cases of eLDUS' users in each phase 

 

 

3.6. Design of Experiment 

There are two tests: the alpha test and the closed beta test. The alpha test aims to ensure that the 

prototype has fulfilled all initial business requirements. The closed beta test aims to find the general 

impression of the concept and the prototype in the perspective of end-users. 

The closed beta test is conducted with a face-to-face interview. A questionnaire and a single 

ease question form, which are made with a 5-point Likert scale answers, are given to the respondent. 

The answers provided are then collected and used to derive a conclusion on three parameters: concept 

strength (ability of concept to attract and motivate respondent), application quality, and gamification 

impact. 

The respondents are required to give their answer against the statements from 1 (strongly 

disagree) to 5 (strongly agree). All respondents are given equal weight irrespective of their background, 

finding the global average of all respondents who participated in the closed beta test. Furthermore, 

statements are given different weights based on how relevant they are when included in the calculation 

to find a specific conclusion and answer. 

4. Results 

4.1. Development Results 

The development has resulted in a prototype of a system composed of two Android-based mobile 

applications, each dedicated for sellers (eLDUS Penjual) and buyers (eLDUS Pembeli), and a 

Laravel-based application acting as the web service (API endpoints) for eLDUS’ mobile applications 

and as eLDUS’ website. 

4.2. Closed Beta Test Results 

A closed beta test is done with ten participants of diverse backgrounds. They are given a set of 

questionnaires, and then interviewed to extract more information. Additionally, they are given the 

chance to use the prototype to judge its simplicity and intuitiveness. A scoring based on 5-point Likert 

scales are done, and the result is expanded as written in the following sections. 

4.2.1. Concept Strength 

Respondents are interested (4.1) with the concept of recyclable waste electronic auction. Respondents 

think that their colleagues and friends will be slightly interested (3.7) with the concept of recyclable 

waste electronic auction. Respondents are slightly motivated (3.8) to participate in recycling waste, 

given that the implementation of the concept exists. 
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In conclusion, the concept of a public electronic auction which is exclusive to recyclable waste 

can (3.9) attract and motivate society to recycle. 

4.2.2. Application Quality 

Respondents feel that the implementation of rekber slightly provides (3.6) them with a safe environment 

for transactions in eLDUS. Respondents strongly agree (4.7) that eLDUS applications are simple and 

convenient. eLDUS’ applications are very intuitive (4.83) and are very to use (4.81). 

In conclusion, eLDUS applications are very intuitive, easy to use, convenient, and safe in 

general (4.48). 

4.2.3. Gamification Impact 

Respondents strongly agree (4.7) that level and point implementation have benefits, and agree (4.3) that 

it brings positive impact to their experience. Respondents agree (4.3) that achievements and badges 

implementation have benefits, and agree (4.3) that it brings positive impact to their experience. 

Respondents slightly agree (3.67) that leaderboards and exclusive badges implementation has benefits, 

and are quite mixed (3.44) about its positive impact to their experience. 

Respondents agree (4.1) that social media sharing implementation has benefits, and slightly 

agree (3.7) that it brings positive impact to their experience. Respondents realize (4.1) that by using 

eLDUS, they become a member of a community sharing the same goal of preserving the environment 

from waste problems. Respondents feel slightly motivated and called (3.5) to recycle waste by using 

eLDUS. Respondents strongly agree (4.6) that as a seller, the auction format results in offers with the 

highest price possible. Respondents agree (4.1) that as a buyer, the auction format lets them find great 

deals and opportunities. 

In conclusion, gamification implementations in eLDUS provide (4.05) positive impact to 

eLDUS’ users’ experience. 

4.3. Correlation Analysis 

This section analyzes correlations between concept strength, application quality in general 

(intuitiveness, ease of use, safety, and convenience), gamification impact, and willingness to use 

eLDUS. A correlation coefficient (linear relationship) is calculated to find the strength and direction of 

a linear relationship between those variables and respondent’s willingness to use eLDUS, as answered 

in Q5. 

The analysis results are as following. The correlation coefficient between respondents’ 

gamification impact in general and their willingness to use eLDUS is 0.72, indicating a strong positive 

linear relationship. The correlation coefficient between application quality in general and respondents’ 

willingness to use eLDUS is 0.36, indicating a slightly moderate positive linear relationship. The 

correlation coefficient between concept’s strength and respondents’ willingness to use eLDUS is -0.03, 

indicating no linear relationship. 

This analysis has shown that gamification plays a huge part in an application’s attractiveness. 

The application’s quality also plays a part, but is less significant compared with gamification impact. 

5. Conclusion 

The development of eLDUS as a platform for electronic auctions exclusive to recyclable waste has 

resulted in a prototype divided into four parts, which are eLDUS Penjual (seller) mobile application, 

eLDUS Pembeli (buyer) mobile application, eLDUS Web Service (API Endpoints), and eLDUS simple 

Admin Panel. 

A closed beta test with ten selected respondents with varying backgrounds are done with the 

latest prototype. The concept of recyclable waste electronic auction is well-received and can attract and 

motivate respondents to recycle (average score of 3.9 out of 5). Respondents have tried to use eLDUS’ 

mobile applications and evaluated that eLDUS is very intuitive, easy to use, safe, and convenient in 

general (average score of 4.48 out of 5). The implementation of gamification has been found to provide 

positive impact to the respondents’ experience in using eLDUS (average score of 4.05 out of 5). 
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Abstract: This research is the first attempt to conduct several experiments of multispectral 

sensing sensor for urban road materials in outdoor environment. This research aims to classify 

five urban road materials that are aggregates, asphalts, concrete, clay, natural fibre including 

vegetation and water. There were 9 cameras in the multispectral sensing sensor. Seven camera 

attached with narrow band optical filter with the centre spectrum at 710nm, 730nm, 750nm, 

800nm, 870nm, 905nm and 950nm. One camera attached with 720 nm normalization band uses 

high pass optical filter. Another camera attached with UV/IR cut optical filter works as a RGB 

camera. The images results, that have been taken, are processed in MATLAB to get the imaging 

index results from the multispectral system. Naïve Bayes classifier is used in Weka to classify 

the urban road materials with vegetation and water. The first classification and testing that 

classifies five urban road materials with vegetation and water have accuracy results ranged from 

0 % to 32% while the accuracy results without vegetation and water have better accuracy results 

ranged from 0 % to 55 %. 

Keywords: Multispectral, Urban road materials, Imaging index, Image processing 

1. Introduction 

Remote sensing is useful for urban structure extraction, urbanization monitoring, agriculture, 

meteorology, and mapping. Common remote sensing that are used is wideband multispectral imaging 

indexes using satellite. The other method in remote sensing is narrowband multispectral imaging index 

using multispectral camera. 

The problems with current multispectral remote sensing is the multispectral cameras and the 

aerial surveillances on the market are expensive. The price of the multispectral cameras made by 

Spectrocam ranged from USD $21,263 (Rp. 288,560,173.00) until USD $43,120 (Rp. 585,181,520.00) 

according to Spectrocam’s website. And the price of the multispectral camera that already combined 

with air surveillance for remote sensing product named Parrot Sequoia made by Parrot that not for sale 

but instead only offer to rent the product with the price USD $158 (Rp. 2,145,956.00) / day based on 

Parrot’s website. The multispectral sensor of Parrot Sequoia that can be bought separately costed USD 

$3,500 (Rp. 47,537,000.00). 

The solution for this problem is using commercial digital cameras that has been converted into 

multispectral cameras and combine it with sensor to create a multispectral system that is more 

economical and cheaper than those already on the market. The early prototype of the multispectral 

remote sensing system has been developed in the Swiss German University and the prototype has 

already tested on laboratory or indoor scale, the next step is adjusting and testing the multispectral 

remote sensing system on the real world or outdoor scale. 
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2. Related Works 

Table 1. Table of comparison of previous works 

 

The experiment “NDVI derived from near-infrared-enabled digital cameras: Applicability 

across different plant functional types” by Filippa et al. (2018) can differentiate type of vegetation 

especially vegetation area in the forest. The data that taken is in 4 seasons (spring, summer, autumn, 

winter). 

This experiment is an early research on multispectral vision system where the related work of 

this based on research and study by Ipung and Tjandrasa (2017) titled “Urban Road Materials 

Identification using Narrow Near Infrared Vision System” where it is use multispectral vision system to 

classify the 5 urban road materials that are aggregates (rock and sand), asphalt, clay, concretes, and 

natural fibres that consists of dry leaves and woods. 

The differences of this experiment with Ipung and Tjandrasa (2017)’s work are this experiment 

is tested on outdoor environment therefore the results may different from the other work because this 

experiment is tested in the outdoor situation, the light source and the humidity is changing unlike in the 

indoor where the light source is only Halogen lamp with fixed light intensity that experimented by 

Ipung and Tjandrasa (2017). For the urban road materials that need to be classify, there are 5 urban road 

materials from previous work (clay, aggregates, concretes, dry natural fibres, asphalt) including 

vegetation and water added that need to be classified. 

3. Methodology 

3.1. Preparation 

 

Figure 1. Architecture Diagram 
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As shown in the architecture diagram of the device in Figure 1, the multispectral system that need to be 

prepared is the camera that attached with the optical filters. The selected optical filters specification was 

important aspect in this research. There were two aspects that needs to considers on the selection of the 

optical filters: spectral centre and Full Width at Half Maximum (FWHM). The selected optical filters 

cover the sample ranges of 700nm to 1000nm that are based on previous studies by (Ipung and 

Tjandrasa, 2017) is listed on Table 2. 

Table 2. List of Optical Filters Attached to the Camera 

 

3.2. Image Acquisition 

This is a process where the image acquired by capture the images of the 9 cameras that are already 

equipped with optical filters at the same time because the outdoor environment’s condition can be 

changing in humidity and temperature aspects. The images that need to be acquired are five dry urban 

road materials (clay, aggregates, natural fibres, concretes and asphalts), vegetation, and water. 

 

Figure 2. Experiment Diagram of Image Acquisition 

To do image acquisition, as shown in the Figure 2, the multispectral vision system needs to be 

above where the area of the materials that need to be taken. During this process, the humidity and the 

temperature of the area need to be recorded by using Thermo-Hygrometer Analog, but keep in mind that 

for now, the humidity and temperature data serve only as a reference because this experiment’s research 

is still in the early phase. 

After that, the image acquisitions data that stored on each of the camera’s micro SD memory 

card need to be transferred to laptop or computer to process the data. The image acquisitions data can be 
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transferred via FTP (File Transfer Protocol) server that has been installed on each of the camera in the 

multispectral vision system by connecting from the laptop by using Filezilla software to connect to the 

IP address of the camera and the image acquisitions data can be downloaded. 

3.3. Pre-processing Images 

In the pre-processing, the images are sorted based on the 5 dry urban materials (clay, aggregates, natural 

fibres, concretes and asphalts), vegetation, water and the images of the 9 cameras that has been taken at 

same time. There are 10 samples of each urban materials including vegetation, and water. Each sample 

has image from each 9 cameras with optical filter. 
 

First the images that has been acquired from the 8 IR (Infrared) cameras beside the RGB camera 

cropped into in the centre of the image. The images converted into grayscale by using MATLAB 

rgb2gray function. The rgb2gray function converts RGB images to grayscale intensity image by 

eliminating the hue and saturation information while retaining the luminance. After the images from the 

8 IR (Infrared) cameras and the RGB camera that has been turned into grayscale, the image of the 

grayscale RGB camera cropped into 600 x 400 pixels and the grayscale images from the other 8 IR 

(Infrared) cameras cropped into 150 x 150 pixels. The next step is the cropped grayscale images will be 

aligned to the grayscale image that taken from the RGB camera. The grayscale RGB image from 

camera 1 works as a reference of the image alignment. The image alignment will be more on the feature 

based image alignment rather than intensity based. The image alignment is important to make sure that 

the image captured are synchronized. 

3.4. Feature Extraction 

First, we need to find out the imaging index on each grayscale images taken on each camera by using 

MATLAB with image processing module. The result of imaging index will be stored in Microsoft 

Excel. The data of 150 x 150 pixels of each grayscale cropped images will be averaged 15 x 15 so the 

imaging index data will be into 10 x 10 pixels that has been averaged. The averaging is needed to 

minimize the error from the image alignment. 

The next step is the imaging index need to be normalized with the imaging index from camera 

that equipped with 720nm high pass optical filter because it is used as the normalized spectrum band 

using the NDVI (Normalized Vegetation Index) formula. Near infra-red imaging indexes with 

normalization (N) value from 720nm high pass optical filter for the rest of NIR optical filters (V) value 

using the following index calculation, similar to the NDVI formula in the equation 1. 

  
(1) 

 

The result of the equation 1 will be only in the range of -1 to 1 and the results for each processed 

image index will be stored in Microsoft Excel file. 

3.5. Classification 

In the classification, the result of the image index that has been normalized as training data. Then the 

result is sorted based on the categorized materials in a table for testing. The seven imaging index will be 

trained as the classifier. The training data use Weka as the tool for the classification and Naïve Bayes for 

the classifier. The reason why Naïve Bayes is chosen as the classifier because Naïve Bayes can be able 

to make probabilistic predictions and Naïve Bayes is easier to implements comparing to other classifier. 

3.6. Visualization and Testing 

In Visualization and Testing phase, a new image that contain more than one material in one image is 

tested to make it classified. First, the processes from the preparation until feature extraction are repeated 

again. 

After that, Naïve Bayes with Weka as the tool is used to find the classification result. The result 

of the classification as training set and the result of the images that contain combined materials will be 

used as testing set. From this Naïve Bayes result, the percentage of each material that are classified in 

the testing images can be acquired. The result also visualized illustrated as 10x10 box with each colour 
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represent the material including visualization of the actual result to get the comparison of the prediction 

result and the actual result. There is also an accuracy result based on the correctly classified material 

that checked by comparing the actual and prediction result. 

4. Results and Discussion 

4.1. Preparation 

First, search a software / application that can capture images on multiple camera at the same time is 

needed, because that’s one of the requirement to do the experiment on outdoor environment. 2 Action 

Camera were provided for early testing on capture images on multiple camera at the same time, when 

on research and testing, both cameras couldn’t connect to the laptop or computer because it is limited by 

the factory of the camera and the camera can’t be accessed by third party software because it is locked 

from the manufacture of the camera. 

Later, the multispectral system that consists of 9 Xiaomi Yi Home Wireless Camera with 

optical filters attached has been provided. On the early testing, the multispectral system can’t connect to 

the phone for authenticating and connecting the camera to the MiFi modem using Yi Home app from 

Xiaomi, it is said that it can only be used in China because that Yi Home Wireless Camera is for China 

Region only or China version. Also there still an issue that the research need to find out how to capture 

images of the 9 cameras at the same time. During the research, there is a possible solution that has been 

found to access the camera so it can be seen in laptop or computer by using Yi Home PC software that is 

official from Yi. It is unfortunately that the application only works on international version of the Yi 

Home Camera and not available for China version. The only solution is the multispectral system need to 

be disassembled and all of the 9 Yi Home Camera China version need to be replaced with new Yi Home 

Camera International version to make the multispectral system can be able to work properly and 

reassembled the multispectral system. For each of the Yi Home Camera international version is 

installed with the 32 GB Micro SD Card to store the video and images that has been captured by the 

camera and to be able to install Yi Hack so each camera can be renamed with camera number to make 

the camera easier to differentiate by the number of camera and the optical filters that are attached to the 

camera. Yi Hack also installed FTP server in the camera so the camera files can be accessed easier by 

connecting via FTP to access the data of the camera. There is finally a solution for the 9 cameras that be 

captured at the same time, the frame in the video of each camera and use the frame that are in the same 

time so the image on each camera can be implied to be taken at the same time by the information on the 

time of the video. 

Before image acquisition process, the reassembled multispectral system that consists of 9 

cameras with optical filters need to be prepared. The MiFi modem has turned on and prepared the cable 

roll extension. After the MiFi connected to internet, the cameras starting from camera 1 until camera 9 

has been turned on one by one to the cable roll extension because if all of the camera (camera 1 until 

camera 9) are turned on at the same time, it will slow down the MiFi connection to the camera and some 

of cameras might run into problems during image acquisition. The problem that can be happened is the 

camera did not capture any data. 

 

Figure 3. Multispectral Vision System 
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As can be seen in Figure 3, all the camera in the multispectral system already labelled except for 

camera 1, camera 1 (located in the centre) is with UV/IR cut optical filter attached. Camera 2 with 

Narrow Band 905 nm and FWHM (Full Width at Half Maximum) 10 nm. Camera 3 with High Pass 950 

nm. Camera 4 with Narrow Band 750 nm and 40 FWHM. Camera 5 with Narrow Band 730 nm and 10 
FHWM. Camera 6 with Narrow Band 710 nm and 10 FHWM. Camera 7 with High Pass 720 nm. Camera 8 

with Narrow Band 800 and 10 FHWM. Camera 9 with Narrow Band 870 and 10 FHWM. The reason why 

the camera must be positioned in 3x3 in the multispectral system is because the camera 2 until camera 9 is 

near with the camera 1 (RGB camera) where camera 1 work as the image basis and reference for the image 

alignment. If the position of the camera is not in square or 3 x 3, the results that are taken might be different 

and it may cannot be aligned because the camera position is too far. 

After that, all of the camera number 1 until number 9 that are connected to the network need to 

be checked by observe the user list by connecting to 192.168.1.1 in computer or laptop that connected to 

the MiFi by using internet browser because 192.168.1.1 is the IP address of the MiFi. When the User 

List are clicked, the list of all the camera in multispectral vision system can be seen connected 

successfully. 

4.2. Image Acquisition 

During the image acquisition, there are some problems that sometimes during the process of image 

acquisition, one or two of the camera in the multispectral system are disconnected from the MiFi 

connection, this problem occurred because of heavy traffic of the connection from 9 cameras and laptop 

that are connected to the MiFi. There is also another problem that happened when the outdoor 

temperature become hot during the experiment, the MiFi and the camera get overheat and it will not 

work properly. There are some occasions that some of the image results become pitch black color or 

white because of the direct light from the sun if the sun shines directly to the multispectral system. 

4.3. Pre-processing Images 

In Pre-processing, after the samples images from each camera has been transformed into grayscale, the 

image cropped into 150 x 150 pixels, except the image from camera 1 which is RGB camera, the camera 

1 cropped into 600 x 400 pixels in the center. The image from RGB camera works as the reference for 

the image alignment from 150 x 150 pixels from images of all other camera (camera 2-9). There are 

some minor difficulties during image alignment. Because the images result from the not flat surfaces 

such as rock (aggregate), dry leaves (natural fibres), and clay (using roof for clay data), the curves 

surface of the material makes the images harder to be aligned. 

4.4. Feature Extraction 

 

Figure 4. Feature Extraction process 
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In feature extraction as shown in Figure 4, the aligned images processed in MATLAB creating 

grayscale imaging index value from the image and stored in Microsoft Excel. As shown in Figure 5, the 

150 x 150 imaging index from 7 proposed imaging index and the normalized indexes are averaged by 

15 x 15 in the excel. After the imaging index become averaged and the data become 10 x 10. Using 

NDVI formula to normalize the value of 10 x 10 of 7 proposed imaging index with the 720 nm 

normalization value. 

4.5. Classification 

Each pixel of the sample images data is sorted with the value of proposed imaging index as a classifier 

(710, 730, 750, 800, 870, 905, 950) and the material information (aggregates, asphalt, clay, concrete, 

natural fibre, vegetation, and water). After the training data formatted in the arff file, the training data 

processed in Weka using Naïve Bayes Classifier. 

4.5.1. Classification of 5 urban road materials (aggregate, asphalt, clay, concrete, and life 

fibre) with vegetation and water 

 

Figure 5. Confusion Matrix of Training Data Result 

For the confusion matrix result on Figure 5, it can be seen that the aggregate and life fibre classification 

are not good enough because aggregate and life fibre has 2 type of data that are taken. Aggregate is rock 

and sand, life fibre is dry leaves and wood. 

4.5.2. Classification of 5 urban road materials (aggregate, asphalt, clay, concrete, and life 

fibre) without vegetation and water 

 

Figure 6. Confusion Matrix Result of Training Data without vegetation and water 

Based on the research by Ipung and Tjandrasa (2017), to classify the vegetation and water is using 

decision tree first before classifying the urban road materials, therefore this might be a problem that 

some of the materials are misclassified as vegetation or water, so another classification is running with 

only using 5 urban road materials (aggregate, asphalt, clay, concrete, and life fibre). For the confusion 

matrix result in the Figure 6, it can be seen that the clay, aggregate, and life fibre result are better than 

previous training result. 

4.6. Visualization and Testing 

 
(1) (2) (3) 
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    (4)                                    (5) (6) 

  
    (7) 

Figure 7. RGB Picture (1) Testing Set 1 (2) Testing Set 2 (3) Testing Set 3 (4) Testing Set 4 (5) 

Testing Set 5 (6) Testing Set 6 (7) Testing Set 7  

Table 3. Table of Imaging Index Results and Accuracy of Figure 7 

 

Based on the accuracy results that shown on the Table 3, the accuracy results of the 5 urban road 

materials without vegetation and water are better than the accuracy results of 5 urban road materials 

with vegetation and water. Many of the urban road materials are misclassified as vegetation. The 

aggregate classified better without vegetation and water. 
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5. Conclusion 

 
This research focuses on the outdoor experiment of multispectral sensing for urban road materials and 

the result of imaging index. It is important that the outdoor situation affecting the multispectral system 

because of the changing environment. There need to be caution of high outdoor temperature that makes 

the multispectral system could not work as intended. 
 

After that the multispectral system need to be able to classify the urban road materials by using 

the proposed 7 imaging index that are 710nm, 730nm, 750nm, 800nm, 870nm, 905nm, and 950nm. 

However, with the testing data result, there are many materials that are misclassified, in the first training 

and testing result that tested on 5 urban road materials with vegetation and water, most of the 

misclassified material, classified as vegetation and water. The reason why vegetation and water is not 

The second training and testing result that tested on 5 urban road materials without vegetation and water, 

most of the aggregates can be classified correctly, the results are better than the first training and testing 

result. Both of the training and testing results cannot classify asphalt and concrete correctly. 
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Abstract: This research explores the 3D path planning for quadrotor, which is an unmanned 

aerial vehicle (UAV) with four rotors. The quadrotor is simulated using robot operating system 

(ROS) and Gazebo software, and is equipped with camera, GPS sensor, and inertial 

measurement unit (IMU) sensor to do the mapping of its environment. The packages used in 

ROS are Hector Quadrotor package, joystick package, Octomap package, and MoveIt package. 

These packages were modified so that it could be integrated with each other and fulfill the 

objective of this research. For the 3D path planning, a method called rapidly-exploring random 

tree (RRT) is explored and implemented. Several experiments regarding the behavior of the 

quadrotor, the mapping, and the path planning were conducted to find out the performance and 

limitations of the simulation. This simulation is set up so that it can be used to validate a new 

design of quadrotor before it is tested with a physical prototype. 

Keywords:Quadrotor, robot operating system (ROS), Gazebo simulator, rapidly-exploring 

random tree (RRT) 

1. Introduction 

Quadcopter has mostly been used by ungraduated students as a research platform where students tried 

to implement their newly innovated ideas to a prototyped quadcopter. Quadrotor has quite a complex 

movement on its own and it relates to swift maneuver in unpredictable and tempestuous weather, a 

slight mistake on the controller would cause a very high chance for an unintentional sharp movement to 

occur. To do a trial and error process directly to the quadcopter is not recommended due to the high risk 

involved, therefore the need to do a simulation first is highly advisable as it saves the production cost, 

reduce the risk of the quadcopter from being damaged, and would hopefully saves time during 

troubleshooting. The ideas that is proposed is a simple path planning, the path planning algorithm will 

then be integrated with the simulated quadrotor to see whether it is possible to be used on a real 

quadrotor or not. 

2. Literature Survey 

2.1. Software 

The software that is being used for this research is ROS Kinetic and Gazebo ver 7.x which was run 

using Ubuntu Linux 16.04 as the operating system. The simulation can only be run using a specific 

Robotic Operating System (ROS) version, ROS Kinetic, as some of the packages cannot be compiled in 

a diff erent version. The quadcopter simulation compiled in ROS will then be simulated using Gazebo. 

ROS has a very handy tool which ease user in terms of creating or developing robots. ROS can 

be fully used even without graphic user interface. ROS has Robot visualization, RViz, whose function is 

to visualize the reading of the sensor used in the robot, ROS Qt. rqt. Which provide a Qt based 

framework mainly used in the creation graphical user interface, Unified Robot Description Format, 

URDF, which provide an XML representation of the model for the robot (Saputra, 2017). 
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Gazebo is an open source Robotic simulator which is quite well known throughout the 

en-gineering society. Gazebo is used since it is resourceful and has many users supports compared to 

other robotic simulator. It has a lot of plug-in or built-in software specifically chosen for designing and 

simulating purposes. The format used in Gazebo, SDF, is quite a stable format who is capable enough of 

depicting and characterized a robot models in the surrounding envi-ronment. It also has the ability to 

export design from another source such as Blender or Catia, A SketchUp with STL or Collada format. 

2.2. Mapping 

Mapping in terms of robotics application means the ability of a robot to localize itself in an unknow 

environment and construct a map of its surrounding. SLAM, which stands for Simul-taneous 

Localization and Mapping, has been used a lot by robot developer to map an unknown environment 

since its logarithm can estimate the position from scan matching and combine it with the odometry of 

the robot. The mapping package that is used for this research is called Octomap as it has been proven 

that it can map the environment in all 3 axis which is very essential for 3D path planning. 

Octomap has been considered as the sate of the art most optimal method for a 3D mapping 

representation. Octomap recursively decomposes the environment spaces into cubes using an octree 

and it is represented by an octal tree. The entire observable environment will be divided into eight 

volumes in which each cube will have the same size of voxels. Occupied space will be represented with 

a cube and each cube has a diff erent color defining the diff erence in height occupied in the local 

reference frame. Each cube can be divided recursively into other eight smaller cube and so on, this 

technique enabled the space to be subdivided up to the desired precision in which every step of 

recursion it will create a smaller voxel to represent the space and will only stop when size of the volume 

reaches the minimum size established a priori (Hornung et al., 2013). 

2.3. Path Planning 

Path planning in robotics is a process where a robot finds the shortest path or the most efficient and 

optimum ways to get into the intended location between many routes or obstacle. Depend-ing by the 

dimension of a robot, path planning can be diff erentiated into two types which is 2D path planning and 

3D path planning. Since quadrotor can moves in all 3 axes and 6 degree of freedom the suitable path 

planning would be 3D path planning. Most 3D path planning used a sample-based algorithm as the path 

planning algorithm, a pre-known information of the whole workspace area (mathematic representation 

to describe the workspace) will be needed for sampling-based method. Sampling based algorithm 

sampled the environment as a set of node or cell, then it searches the node randomly till it finally obtains 

a feasible path (Yang et al., 2016). 

RRT will be used as the main path planning algorithm for quadrotor need to have a 3D oriented 

path and RRT can visualize planning concept in more than two dimensions so it fits with the criteria, 

and also it is quite easy to implement. According to the pseudo code of RRT, it will start with a search 

for an empty tree. Then add an initial location (configuration/node) to the search tree. When the tree is 

searching for the goal, pick a goal location (configuration/node) and the location is usually notated as 

q_r. Find a vertex in the search tree which is the closest to that random point q_n and add a path in the 

tree between all q_r and q_n while making sure there will be no collision occurred somewhere in the 

link. 

3. Methodology 

3.1. Robotics Operating System Packages 

These are the packages used in ROS to fulfil this thesis objective which is to create the 3D path planning 

simulation: 

1. Hector quadrotor package: Contains a mechanical design/URDF of the quadrotor, plugins for the 

aerodynamic and propulsion which complement the design, dynamical modelling to simulate the 

behavior of the quadrotor, and a program to control the quadrotor 

2. Joy package: Enabled ROS to read data of the joystick from the user 
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3. MoveIt! Package: it incorporates the latest advance motion planning, manipulation, 3D 

perception, kinematics, control, and navigatio (Sucan and Chitta, 2016a). 

4. Octomap package: Provide mapping algorithm in which its library can implement a 3D 

occupancy grid mapping 

5. Action Controller package: translate geometrical trajectory created by MoveIt! to velocity 

commands(cmd_vel) 

 

Figure 3.1: Packages Connection. 

The relationship between each package can be seen in figure 3.1. The green box indicates the 

modified packages, the blue box indicates the unmodified packages while the orange box indicates the 

generated package. Hector quadrotor can interact with MoveIt! once it has been setup by the setup 

assistant, it will the generate a package which was named ’pr2_quad’. The launch file will then be 

created in the ’pr2_quad’ package which will integrate all the packages. The joy package is connected 

to hector quadrotor package to move the quadcopter around the area to do the mapping first. Octomap 

package subscribe the reading from the sensor in the ’pr2_quad’ package and publish the mapping 

result. MoveIt! will then subscribe the movement constraint of the quadrotor and the result from the 

mapping, it will then generate the path planning trajectories and publish a topic to action controller so 

that the quadcopter can execute the trajectories created by the integrated path planning algorithm in 

MoveIt!. Action controller convert this topic so that hector quadrotor can ’understand’ the topic and 

move according to the trajectories. 

4. Results and Discussion 

Ayush Gaud, an engineer from India has implemented RRT path planning to his own simulated 

quadrotor without using MoveIt!, however there were no documentation so the result couldn’t be 

compared (Gaud, 2016). Wil Selby and Alessio Tonioni has both implement RRT path planning to their 

own simulated quadrotor using MoveIt! but in a diff erent ROS version, they both provides an excellent 

overview on how to integrate quadcopter with MoveIt! however there were no data results shown on the 

documentation (Selby, 2015c; Tonioni, 2015). So the result from the path planning in the simulated 

quadrotor discussed later on this paper will not be compared to other existing competition approaches. 
 

4.1. Path Trajectories 

Path planning process can be initiated through the RVIZ. The trajectories will be generated once the 

goal query has been placed around the map within the workspace area. Once the goal query and the start 

query has been declared select the planning button in the planning tab. During initial position, the whole 

environment has yet to be mapped, so when a path is requested it will generate the path sccording to the 

recorded map. As it can be seen in on the left side of figure 4.1, a path was generated even though there 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

197 

 

is a wall there, but since the sensor only read half of the wall, the path planning algorithm does not 

consider the other half part of the wall. The left side of figure 4.1 shows the reading of the environment 

while the right side of figure 4.1 shows the actual wall standing in front of the quadrotor. 

 

Figure 4.1: Reading of the environment by the quadrotor vs the actual environment 

4.2. Path Planning Execution 

The values shown by the topic move_gr oup•g oal is the position of the goal set by the user, this result 

will then be compared to the actual position of the quadrotor to test the accuracy of the path planning. A 

percentage of error will then be calculated by finding the diff erence between the goal and actual final 

position of the quadrotor. The position of the quadrotor can be obtain through the topic •gr ound_trut 

h_to_t f •pose. The test for the execution will be done three times. The first try would be done during the 

initial position (stationary position), second try would be done when the quadrotor is hovering, third try 

would be during hovering and positioned the goal state in a narrow area. Due to the computer limitation 

(incapable of mapping the whole map, the specification of the computer is not strong enough to contain 

the data from the mapping), the whole test were done without fully map the environment first. The path 

executed for each trial can be seen in figuree 4.2. 

 

Figure 4.2: First Trial Path Execution vs Second Trial Path Execution vs Third Trial Path 

Execution. 
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Table 4.1: Percentage of error for all trial in all 3 translational axis and 3 rotational axis. 

 

As it can be seen in from table 4.1, the quadrotor has better accuracy on executing the path 

planning algorithm when it is first in stationary position although it has a high percentage of error in the 

X axis position. On the second and third trial, the quadcopter has a huge off set in terms of position in 

the Y axis. The accuracy of the orientation of the quadrotor for all three trials are arguably quite high in 

the X and Y axis as it only gives an error of less 6% although for some reason the quadrotor was not able 

to deliver a satisfactory result in the Z axis orientation with an error of 9 to 12%. Although the path 

planning algorithm has huge error in either X or Y axis, the quadrotor was able to move to the goal 

position and avoid obstacle by following the path generated. 

5. Conclusion 

In conclusion the path planning works best during the stationary position. The quadrotor drifts slowly 

due to numerical inaccuracies in Gazebo’s physics engine, the quadrotor slowly rotate clockwise with Z 

axis as its pivot. The quadrotor rotate due to noise created by the GPS and IMU in the URDF. The 

quadrotor slowly rotate with an increase velocity of the rotation. When the path is executed there will be 

extra angular velocity causing it to drift a slightly from the intended goal which explains why in all trial 

there were no 0% of error and the worst result were obtain when the quadrotor moves from a hovering 

position since when it hovers the noise becomes worst causing to drift more. 
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Abstract: The continuous blood pressure measurement research is widely known for helping 

the development of ambulatory blood pressure monitoring where it measures blood pressure 

every 15 to 30 minutes throughout the day. The cuff is a problem for the patient with 

Ambulatory Blood Pressure Monitor. It can make a person feel uncomfortable and must stay 

still when the cuff starts to inflate. It is limiting and disturbing their daily activity when the 

device is starting to measure the blood pressure. Blood pressure measurement without cuff is 

being proposed in this research, called cuff-less blood pressure measurement. It will be based on 

Photoplethysmography (PPG) and Electrocardiography (ECG) signal analysis. ECG (Lead 1, 

Lead 2, and Lead 3) with PPG signal produced from index finger on the left hand are compared 

and analyzed. Then the relation of PPG and ECG signal and the optimum location for daily use 

can be obtained. The optimum location will be based on the electrode’s position that produced 

the optimum ECG lead Signal to measure blood pressure. Based on the result, PPG and ECG 

signal have a linear relation with Blood Pressure Measurement and Lead 1 is more stable in 

producing the ECG signal. The equation from Lead 1 appeared as one of the optimum equations 

for measuring Systolic Blood Pressure (SBP) or Diastolic Blood Pressure (DBP). 

Keywords: Photoplethysmogram, Electrocardiogram, Cuff-less Blood Pressure Measurement, 

Ambulatory Blood Pressure, Blood Pressure. 

1. Introduction 

Blood pressure is one of the factors regarding the body condition. Blood pressure will show the 

condition of the blood in the body. Blood pressure measurement is divided into two, the systolic and 

diastolic blood pressure measurement. The systolic blood pressure is known as blood pressure when the 

heart is beating and the diastolic blood pressure is known as blood pressure when the heart is relaxed. 

Nowadays, blood pressure monitoring also attracts people attention in viewpoint lifestyles disease 

prevention (Atomi et al., 2017). 

The continuous blood pressure measurement research is being done for helping the 

development of ambulatory blood pressure monitoring. It will allow people to maintain and observe 

these blood pressure changes for 24 hours. In Figure 1, it can be seen that ambulatory blood pressure 

monitor is blood pressure measurement device where the monitor is connected to a cuff by plastic tube 

on the upper arm. The device is usually worn by people with hypertension, throughout the day even 

when they are sleeping.  Hypertension is a condition where the blood pressure is always above normal 

blood pressure. There are probably 20% person that do not know when their blood pressure is high and 

there are no definitive causes of 90% cases in Hypertension (Hypertension and Hypotension, 2018). 

Ambulatory blood pressure monitoring records the blood pressure 24 hours automatically while 

patients are doing their daily activities.  It measures blood pressure every 15 to 30 minutes throughout 

the day. The ambulatory monitor can be used as a standard to predict the risk related to blood pressure. 

The prediction of an ambulatory monitor on clinical outcome is better than conventional blood pressure 

measurement (Pickering et al.,2006). 
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Figure 1. Ambulatory Blood-Pressure Monitor (Pickering et al.,2006). 

The continuous monitoring of blood pressure is impossible with digital blood pressure 

measurement because the measurement result is only at that time (Ma, 2014) and it has limitations and 

risks (Sun et al.,2016). The cuff makes a person feel uncomfortable when measuring the blood pressure. 

A person with ambulatory monitor must stay still when the cuff starts to inflate (Pickering et al.,2006). 

Blood pressure measurement without cuff is being proposed in this research and by several 

researchers, called cuff-less blood pressure measurement. The cuff-less blood pressure measurement 

will be based on Photoplethysmography (PPG) and Electrocardiography (ECG) signal analysis. From 

the signal analysis, an equation for blood pressure measurement can be obtained and blood pressure can 

be measured. 

To analyze the ECG and PPG signal, the ECG and PPG signal must be noiseless. To obtain it 

without noise is quite hard since some noises come from the environment. One factor that also effects 

the ECG and PPG signal result is the location of the sensor. By finding the optimum location for the 

sensor, The ECG (represent by Lead 1, Lead 2 and Lead 3) and PPG sensor can produce a signal without 

any noises. This research will focus on finding the optimum ECG location or configuration for 

measuring blood pressure. 

This research will show the relation of ECG and PPG signal for blood pressure measurement 

since cuff-less blood pressure measurement is based on it. From the relation, the equation for measuring 

the blood pressure can be found. 

The measurement of cuff-less blood pressure has some limitations too. The problem is the 

equation for each people is different. The equation is personalized based on their blood vessel 

characteristics. The measurement of Diastolic part is also hard to determine because the diastolic blood 

pressure does not change just because of physical activities (Joenarto, 2017). This produces low 

correlation coefficients between Diastolic Blood Pressure (DBP) and parameters computed from ECG 

and PPG (Špulák et al., 2010). The accuracy to determine DBP is not high as determined Systolic Blood 

Pressure (SBP). 

2. Materials and Research Methodology 

2.1. Materials 

2.1.1. Photoplethysmography (PPG) Sensor 

The PPG sensor is built on printed circuit board (PCB) at Swiss German University Biomedical 

Engineering Laboratory based on OPT101 datasheets.  

The raw PPG signal has a lot of noise on the signal, band pass filter is needed to eliminate the 

noise. The band pass filter is made of second order High Pass Filter (HPF) and Low Pass Filter (LPF). 

The HPF has cutoff frequency 0.3 Hz and the LPF has cutoff frequency 5 Hz where this is set based on 

heartbeat 12-120 beat per minute (Ughi and Dewanto, 2018). Notch filter is also added to remove the 

main noise. 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

202 

 

2.1.2. Electrocardiography (ECG) Module 

The 1-Lead ECG module that will be used is commercial ECG for research that based on Integrated 

Circuit (IC) AD8232 but not for the medical purposes. The IC AD8232 has cutoff 0.5 Hz for the HPF 

and 40 Hz for the LPF. It has a lot of amplifiers, there are Instrumentation, Operational, and Right Leg 

Drive amplifier. The operational amplifier is set with gain 11, resulting a total system gain with 1100 

(AD8232 Datasheet and Product Info, 2017). 

The 1-Lead ECG needed additional Notch Filter to eliminate main noises with frequency 50 Hz. 

The Notch Filter is built on PCB together with the notch filter for PPG Sensor. The notch filter for 

filtering signal ECG and PPG is built based on Notch filter circuit by Nasiqin et al, 2015.  

2.1.3. Data Storing and Analysis 

A data acquisition program based on LabVIEW is used to store the data on a computer. The first signal 

analysis which determining the time difference between R-peak of ECG and the peak of PPG, will be 

done with peak detection program (Iskandar, 2017) and analysis further on Microsoft Excel. The 

Analysis on Microsoft Excel is required to find the relation of Pulse Arrival Time (PAT) - time 

difference between ECG and PPG peak - with blood pressure, finding the equation to measure blood 

pressure and calculating the accuracy of the equation. The accuracy can be determined by seeing the R2 

rate or calculating the Mean Square Error (MSE) and Root Mean Square Error (RMSE). 

2.1.4. Digital Blood Pressure Measurement 

The digital blood pressure measurement device is also needed to compare the estimation of blood 

pressure comes from the equation and the actual blood pressure at the time of measurement. The Digital 

Blood Pressure Measurement used in this research is ABN DU-120 blood pressure monitor. 

2.2. Research Methodology 

This research has been approved by Ethic Committee of University of Indonesia at Salemba, Central 

Jakarta based on the released approval letter number 0174/UN2.F1/ETIK/2018. 

The first thing to do is deciding the group of the category of person. Most previous research 

chooses healthy young person as subjects. This research will also choose 10 healthy young people (7 

Women and 3 Men) as subjects with range 21-25 years with normal Body Mass Index (BMI). The 

weight and height of subject will be measured and recorded on the book. The Body Mass Index is 

measured using BMI Calculator on open website from National Heart, Lung, and Blood Institute. 

The next thing is collecting the data from the subjects. The data will be taken from the subjects 

10 times with 5 minutes interval from each measurement. It was done to make the personal calibration 

is possible. The four electrodes are placed on right arm, left arm, right leg and left leg. The electrode on 

the left leg is acting as ground. 

The ECG signal that is collected from the subjects is Lead 1, Lead 2, Lead 3 and PPG Signal. 

The ECG signal of Lead 1, Lead 2, and Lead 3 are obtained at the same time. Three 1-Lead ECG 

configuration modules are parallel connected and used for measuring the signal from each Lead. The 

PPG signal is obtained by placing the index finger of the left hand on the PPG Sensor. The data is 

collected for 35 seconds to make it easier for heartbeat calculation and to avoid cramps and 

inconvenience for the subjects. The data is taken while the subjects is on sitting position. 

There are ten measurements for each subject with different preconditions, which is basically a 

set of resting and exercising activities to stimulate different blood pressure conditions out of the subject. 

The set of resting and exercising activities is as below. 

1. Rest 1: the subject is on rest condition.   

2. Exercise 1: the subjects will be exercising a little bit by going up and down upstairs from 3rd floor 

to 1st floor for 4 sets. 

3. Rest-After 1: the subject is asked to rest by sitting for 5 minutes. 

4. Day 2: measured on another day. The subject is on rest condition. 

5. Rest 2: measured after 5 minutes interval of the fourth measurement. On this 5-minute interval, 

the subject is asked to sit and relax. 

6. Exercise 2: the subject will run on a place for 3 minutes straight. 
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7. Rest-After 2: measured after 5 minutes interval of the sixth measurement. During these 5 minutes, 

the subject needs to sit down and rest. 

8. Rest 3: measured after 5 minutes interval of the seventh measurement. They need to be calm and 

relax. 

9. Exercise 3: the last measurement of blood pressure when the subject is on exercise. For this ninth 

measurement, the subjects need to wait for 5 minutes after the eight measurement and then 

exercise by running on a place for 3 minutes. 

10. Rest-After 3: the last measurement is taken 5 minutes after the ninth measurement in resting 

condition. 

The overall steps for taking the data from the subject is shown on the Flowchart in Figure 2 

below. When the signal comes from subject is clear and without noise the data can be stored in 

computer and analyzed on peak detection program (Iskandar, 2017) to obtain the time difference (PAT). 

          
(a)      (b) 

Figure 2. The flowchart of data acquisition. (a) Set of resting-exercising activities. (b) Data 

taking on each measurement. 

After the time difference is obtained, personal calibration of each subject is needed. This 

calibration is done by finding Pulse Wave Velocity (PWV). It is done on the Microsoft Excel. After all 

subject have been calibrated, the optimum personalized equation and the relation its PAT to blood 

pressure for each subject can be obtained by plotting the PWV and average actual blood pressure. 

3. Result and Discussion 

3.1. PPG Sensor Results 

The signal after being filtered is clear and readable, as shown in the graph in Figure 3. The peak 

amplitude is rising from 0.14 V to 1.46 V.  
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Figure 3. PPG Signal Final Result. 

3.2. ECG Sensor Results 

The EGC signal after being filtered, is also clear and readable, as shown in the graph in Figure 4. The 

signal can be used to be analyzed. 

 

Figure 4: ECG Signal Final Result 

3.3. Data Analysis 

The data analysis for this research is divided into three steps, (1) the detection of Peak using peak 

detection program (Iskandar, 2017); (2) the Personal calibration; (3) the finding of equation for 

calculating the blood pressure. 

3.3.1. The Detection of ECG and PPG Peak 

The detection of the peak is done by inserting the data into the program. The program analyzed the peak 

in every 500 samples since it has 500 Hz sampling rate. First, the program detects the peak of ECG 

signal on every 1.03 s, it means every 500 samples. After the ECG peak is found, the program then 

analyzes the PPG signal. The analysis starts from PPG peak to the next PPG peak also every 1.03 s. 

Then, the program records the time of occurrences of ECG peaks and PPG peaks, to get the PAT from 

the time difference. Figure 5 illustrates the peak detection analysis. 
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Figure 5: ECG and PPG signal peak detection on the program. 

3.3.2. Personal Calibration 

The second part is personal calibration of each subject. The personal calibration is needed since every 

person has different characteristics regarding their blood pressure. One factor that is affected the 

diversity of blood pressure is arterial stiffness. Every person has different arterial stiffness. This factor 

must be included in calibration since it has correlation with the time of blood to travel around our body, 

which known as PAT or PTT. The arterial stiffness can be represented by Pulse Wave Transit (PWV) 

time (Goli and T, 2014). The PWV is proportionally related to the blood pressure (Ye et al, 2010). 

Equation below was used to find the PWV. 

                                  PWV =  =                                (1) 

(Goli and T, 2014) 

3.3.3. PAT Relation with Blood Pressure Measurement 

To clearly stated the relation of blood pressure with PAT or PTT, the linear regression is used to show 

the relation. Graph in Figure 6 depicts the picture of linear relation of Lead 1 on a subject. 

 
                                   (a)                                    (b) 

Figure 6: The relation of PWV and a) SBP and b) DBP of subject M1 on Lead 1 ECG Signal. 

From the graph in Figure 6, the relation of PWV and blood pressure can be clearly seen. Lead 2 

and Lead 3 ECG signal and the other subject analysis is also showing that relation. Most of the subjects 

has graph that stated, the higher the PWV value which means the lower the PAT, the higher the blood 

pressure will be. This statement is supported on research called “Cuff-less continuous Blood Pressure 

Monitoring System Using Pulse Transit Time Techniques” (Zaki, 2016) and “Cuff less Continuous 
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Non-Invasive Blood Pressure Measurement Using Pulse Transit Time Measurement” (Goli and T, 

2014). 

The linear model is not good enough for predicting the blood pressure but it can be used to find 

the relation of the PAT or PTT to measure blood pressure (Sharma et al, 2017). This statement is 

supported by the data above. On some subject the linear regression is not good enough in predicting the 

blood pressure, then another regression is proposed to find the optimum regression. 

3.3.4. Personal Equation for Calculating Blood Pressure 

On this chapter the optimum personal equation for each subject is shown. The optimum equation is 

determined by R2  rate that is obtained from the regression analysis and Mean Square Error (MSE) and 

Root Mean Square Error (RMSE). 

Table 1 is showing the optimum equation based on R2 rate that is obtained from the regression 

analysis and Table 2 is showing the optimum equation based on Mean Square Error (MSE) and Root 

Mean Square Error (RMSE).  

Based on Table 1 and Table 2, the optimum equation for each subject and which Lead that 

appeared a lot to produce optimum equation can be obtained. 

Table 1. The Optimum Equation based on R2 rate. 

SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP

Polynomial Polynomial

y = 0.0002x2 + 0.0204x + 

85.152

y = -0.0015x2 + 1.2208x - 

178.11

Polynomial Power

y = 0.0026x2 - 2.1178x + 

565.82
y = 7.8451x

0.3762

Polynomial Polynomial

y = 0.0001x2 + 0.0291x + 

83.218

y = -0.0011x2 + 1.0047x - 

163.15

Polynomial Polynomial

y = -0.0007x2 + 0.6581x - 

36.672
y = 1E-05x2 + 0.0316x + 

60.803

Power Polynomial

y = 9.2837x
0.4103 y = 0.0003x

2
 - 0.1849x + 

94.478

Polynomial Polynomial

y = 0.0015x2 - 1.2726x + 

371.33

y = 0.0005x2 - 0.3998x + 

140.76

Polynomial Polynomial

y = 0.0013x2 - 0.8945x + 

260.86

y = -0.0001x2 + 0.1392x + 

36.535

Polynomial Polynomial

y = -0.0008x2 + 0.8674x - 

106.12

y = 0.0002x2 - 0.1336x + 

89.866

Polynomial Polynomial

y = -0.0044x2 + 3.7702x - 

681.42

y = -0.0024x2 + 2.0389x - 

361.84

Polynomial Polynomial

y = 0.0008x
2
 - 0.4796x + 

179.18

y = -0.0006x
2
 + 0.6208x - 

35.026

3.4265

0.6144 0.4638 83.0071 57.7810 9.1108 7.6014

0.7444 0.6199 29.2113 11.7406 5.4048

3.9218

0.8608 0.2309 44.6329 6.6808 3.0043

0.7328 0.2763 40.8812 15.3805 6.3938

9.0261

69.4909

5.4490

8.3361

2.3343

111.5022 10.5595

9.3415

7.13250.3384 0.5717

108.9705 35.6638 10.4389 5.9719

0.5959 0.2433 26.6643 5.1638

0.2159 0.2683 57.2260 7.5648

50.8733

87.2641

10 F7

Lead 1 Lead 3

Lead 1 Lead 1

Lead 1 Lead 1

Lead 3 Lead 1

Lead 2 Lead 3

Lead 3 Lead 3

Lead 2 Lead 3

7 F4

8 F5

9 F6

4 F1

6 F3

Lead 2 Lead 3 0.158 0.2989

1 M1

2 M2

3 M4

0.6772 0.148

0.5904 0.087Lead 1 Lead 3

30.4067 5.5142

72.5421 50.8828 8.5172 7.1332

5 F2

No Subject
Lead ECG Signal

Lead 1 Lead 2

Optimum Equation

Root Mean 

Square Error 

(RMSE)

Mean Square Error 

(MSE)
R² rate
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Table 2. The Optimum Equation based on MSE and RMSE. 

SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP

Exponential Logarithmic

y = 70.911e0.0013x y = 7.7521ln(x) + 23.192

Polynomial Polynomial

y = 0.0022x2 - 1.9208x + 

547.26

y = 0.0001x2 - 0.0297x + 

71.169

Linear Logarithmic
y = 0.1428x + 58.707 y = 43.714ln(x) - 194.69

Logarithmic Linear
y = 31.574ln(x) - 73.896 y = 0.0437x + 58.32

Logarithmic Linear
y = 43.743ln(x) - 153.31 y = 0.0387x + 52.65

Power Logarithmic

y = 2581.1x-0.543 y = -4.888ln(x) + 95.456

Polynomial Logarithmic

y = 0.0013x
2
 - 0.8945x + 

260.86
y = 18.331ln(x) - 36.523

Logarithmic Linear
y = 63.685ln(x) - 276.27 y = 0.03x + 55.857

Polynomial Polynomial
y = -0.0044x2 + 3.7702x - 

681.42

y = -0.0024x
2
 + 2.0389x - 

361.84

Linear Logarithmic
y = 0.1723x + 43.788 y = 6.8317ln(x) + 30.831

5 F2

6 F3

10 F7

7 F4

8 F5

9 F6

0.0690.5752 20.1749 50.7468 4.4917 7.1237

Root Mean 

Square Error 

(RMSE)

4 F1

Optimum Equation R² rate
Mean Square 

Error (MSE)

43.4526 30.3813 6.5919 5.51190.6643 0.0337

3 M4

No Subject
Lead ECG Signal

Lead 1 Lead 1

Lead 2 Lead 3

Lead 2 Lead 3

1 M1

2 M2

57.1759 7.56155.39278 2.3222

58.1688 7.6268 2.82697.9915

0.1579 0.2783

0.5715 6.43361 2.53650.2562 77.5994 8.8091

8.3631 3.109869.9422 9.67113

29.2113 11.7406 5.4048 3.4265

61.1188 7.81788.82138 2.9701

40.8812 6.39388.33286 2.8867

11.1926 8.0805 3.3455 2.84260.8321 0.2165

0.7444 0.6199

0.5844 0.0952

0.2089 0.2207

0.4939 0.0316

0.7328 0.2748

Lead 2 Lead 3

Lead 3 Lead 1

Lead 2 Lead 2

Lead 3 Lead 3

Lead 1 Lead 3

Lead 1 Lead 1

Lead 1 Lead 2

 

4. Conclusion 

In conclusion, the relation of PAT and blood pressure was obtained. The higher the PWV which means 

the shorter PAT, the higher the blood pressure will be. The general equation for measuring blood 

pressure is not found. The Polynomial equation appeared a lot as optimum equation. However, each 

subject has its own equation for measuring SBP and DBP. Lead 1 and Lead 3 appeared as one of the 

Lead that give the optimum equation for SBP or DBP. However, ECG Lead 1 gave more stable signal 

result. 
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Abstract: Internet of Things (IoT) system is developing at an impressive rate nowadays. It is 

capable of performing machine-to-machine communication, cloud connection, data 

management and collection simultaneously. In this paper, the authors have designed an IoT 

system in a Photovoltaic (PV) panel with real time current and voltage measurement, cloud 

connection capability and measurement storage function into an IoT server. The graphical data 

stored allows evaluation of the PV Panel’s overall performance. Our IoT systems were powered 

with Arduino-based microcontroller paired with current and voltage sensor, as well as WIFI 

wireless communications system and Bluetooth module. We paired our system with an android 

smartphone to display the data and stored it into the Blynk server. Blynk is a cloud-based IoT 

capable of controlling and storing data for Arduino-based microcontrollers over Wi-Fi or 

Ethernet connection. In our experiment for 50WP PV panel, we were able to store the parameter 

for over one week measurement ,that give us enough data to get the PV performance.  

Keywords: IoT, Photovoltaic, Arduino, Performance 

1. Introduction 

The performance of a solar panel situated in certain economic conditions may be determined by directly 

monitoring the output parameters such as voltage, current and power (Muhammad Rizal Fachri, Ira 

Devi Sara, dan Yuwaldi Away, 2015).Based on such results, we can obtain information whether the 

solar panel installation has been operating properly and producing the expected power output. This 

current solar panel monitoring method is operating on a limited scope since it only collects the solar 

panel parameter output in form of text file with specific outputs and lacks the capacity to perform the 

same task in real time condition. In the event that the solar panel output parameter data is obtained real 

time in graphic charts, then solar panel technology users may personally manage their electrical energy 

and burden depending on conditions. Thus consumer’s electrical supply will tend to be sustainable and 

reliable. This paper attempts to shed light on new techniques for direct and real time solar panel 

parameter output monitoring. Such techniques utilize voltage sensors and current sensors capable of 

displaying real time data without shutting down the Arduino board as data logger. The implementation 

of this monitoring technique is capable of reducing data processing time significantly.   

2. Theoretical Reference 

2.1. Solar Cell 

Solar Cell is an equipment or component capable of transforming sunlight energy into electrical energy 

based on Photovoltaic effect principle. In 1839 Henri Becquerel discovered Photovoltaic Effect, which 

is a phenomenon where electrical voltage is generated due to the contact of two electrodes connected 

with solid or liquid system while obtaining sunlight energy. As such, Solar Cell is also referred to as 

Photovoltaic Cells (PV) which translates structurally as a Photodiode with an extremely wide surface. 

The total area of the Solar Cell is inversely proportional with the sensitivity of the Solar Cell towards 

incoming light and generated stronger Voltage and Current compared to other Photodiode in general. 

For example, a Solar Cell made from silicone semiconductor material is capable of generating up to 
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0,5V in voltage and 0,1 A in current during day light exposure. Currently this Solar Cell hardware is 

implemented into various appliances such as calculators, toys, battery charger until electric power plant 

and even as electrical source to operate Satellite within its orbit (Dunlop, James P. 2012). 

2.2. Internet of Things 

Internet of things or popularly known as IoT is defined as an idea where all objects in the real world is 

capable of communicating with each other as part of a single unified system using internet network as a 

hub.(Bahga, Arshdeep, Madisetti, Vijay, 2014). IoT may be demonstrated by a CCTV network installed 

along the road connected with internet connection and centralized in a control room which maybe 

dozens of kilometers away or a smart house managed via smart phone supported with internet 

connection. IoT wares comprised of sensors as data collection media, internet as communication media 

and the server shall act as information gatherer received by sensors and analysis unit. Originally, the 

implementation of IoT identification is widely used for computerized object identification using 

Barcode, QR Code and Radio Frequency ID (RFID). In its development, experts revealed that the object 

maybe identified by its IP address and to communicate with other object with IP address identifiers, 

under internet network ecosystem. 

2.3. Arduino 

Arduino is a platform for open source physical computing since it functions not only a development 

tool, but also capable of sophisticated hardware programming language and Integrated Development 

Environment (IDE). Academician and professionals have developed and relied upon multiple projects 

and equipment using Arduino. Aside from that, other parties also constructed multiple supporting 

modules (sensors, layout, controller, etc) bridged by Arduino. Along the way, Arduino evolved into a 

platform since it became a reference for many practitioners. From the myriad of available Arduino 

boards, the UNO R3 Arduino board stands out considerably. Arduino UNO is a microcontroller board 

based on ATmega328 Atmel microcrontoller. “Uno” translates into “one” based on Italian language and 

aims to signify the next (product) release of Arduino 1.0. Arduino UNO and version 1.0 became 

reference for the next Arduino versions. Currently Arduino UNO is the latest series of Arduino USB 

board and reference model for Arduino board. 

2.4. Voltage Sensor 

Voltage Sensor is DC or AC voltage measurement instrument that generates discreet numbers. 

Voltmeter is constructed from circuits with specific IC such as ICL7107 / ICL7106 or using IC 

controller by utilizing ADC (Analog to Digital Converter). The Voltage into ADC0 or Vs should be < 5 

volt (users should be aware that voltage exceeding 5 volts will damage the microcontroller). If the user 

would like to measure AC voltage, then the current should be transformed into DC voltage beforehand.  

2.5. Current Sensor 

Current sensor is measurement equipment in electronic devices. The sensor is usually comprised of 

electronic circuits which transforms current unit into electrical unit. One of the most common current 

sensors used is usually ACS712 chip. It operates by analyzing the current via copper cable which 

generates magnet field captured by integrated Hall IC and transformed into proportional voltage. 

2.6. ESP8266 WiFi Module 

ESP8266 ESP-01 is a Wi-Fi module enables microcontroller access to the Wi-Fi network. This module 

is and independent System On a Chip (SOC) which does not require a microcontroller to manipulate the 

input and output as generally used with Arduino, for example, since ESP-01 acts as a mini computer. 
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3. System Design 

3.1. Diagram Blocks  

 

Figure 1. Diagram Block 

Based on the diagram above, the current and voltage sensors are installed in parallel with the solar 

panel. Then those sensors are relayed to the Arduino Uno microcontroller. The voltmeter and ampere 

meter will act as counter balance to the data displayed in the smartphone. Any android smartphone 

equipped with ESP 8266 WiFI module connected to IoT Blynk server and internet connection should be 

able to directly monitor the solar panel parameters.  

3.2. Hardware Design 

 

Figure 2. Hardware Schematic 

Table 1. Hardware Specific  

Device Arduino Details 

Current Sensor A0 / GND Analog Input 0 

Voltage Sensor A1 / GND Analog Input 1 

Voltmeter / Amperemeter 5 v / GND Directly from sensor 

WiFi Module 3.3 v / GND / (D1)TX /(D0) RX Pin 1 (Tx) and Pin 2 (Rx) 

3.3. Software Design 

To support this research, the author utilized Blynk as an open source software which can be downloaded 

for free from Google Play Store. After completing the installation and registration steps, user can easily 
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manage the current and voltage data displayed based on the table below.  Graphical display refers to the 

value display setting, whose input is based on the hardware design table above.  

                  Figure 3. Software Design 

4. Result and Discussion 

Data collection began from 4 August 2018 until 11 August 2018. The average duration for data 

collection per day is 5 hours. The following table revealed the minimum and maximum value from the 

solar panel current and voltage. 

Table 2. Voltage and current measurement 

Voltage (Volt) Current (Ampere) 

Average Min Max Average Min Max 

19,16971 

 

0,0167 25,057 

 

0,138708 

 

0,000833 

 

0,53275 

Displayed below is the voltage graph and current in the duration of one week 

 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

213 

 

 

Figure 4. Voltage and Current (one week duration) 

From the graphic above, the photovoltaic generates a stable current, with minimum value of 

0.13A. The voltage measurement tends to fluctuate more between 6- 8 August 2018. This fact is due to 

the rain occuring during such period, which reduces the photovoltaic light absorbing effectiveness. 

However the fluctuation remains tolerable, with the average voltage of 19,16 Volt. 

 

Figure 5. Voltage and Current (three day duration) 

Based on 3 day graphic intervals, the voltage graphic tends to fluctuate more with a stable 

current graph 
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Figure 6. Voltage and Current  (two day duration) 

Based on the 2 day graphic intervals, the voltage measurement on 16:00 WITA displays a large 

gap due to the limited calculation term of 5 hours per day and the deadline for the day was at 4 pm. 

 

Figure 7. Voltage and Current total (enlarge scale) 
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The picture above demonstrated the graphic of total current and voltage with enlarged scale. 

Current and voltage output presents stable results, which led to the conclusion that the performance of 

utilized photovoltaic is extremely good. 

The internet connection used for this IoT data analysis, applies Smartfren as 4G provider. Based 

on speed test evaluation results, the average data download and upload speed reached up to 5 Mbps and 

10 Mbps respectively. The speed was deemed adequate, since the IoT required a sustainable upload 

speed. The current data package delivery and voltage from Arduino to Blynk IoT platform was 

successfully real time conducted to smartphone , so long as internet connection was available. There 

was 2-3 seconds delay from the voltmeter/amperemeter measurement in Arduino and voltage/current 

reading in the android smartphone. This delay is tolerable, considering the unstable rate of internet 

connection. 

5. Conclusion  

1. The IoT for solar panel parameter calculation has been successfully conducted. 

2. Blynk Server is a viable option for IoT establishment system due to its simple implementation and 

open source nature. 

3. The data collected in a weekly basis yielded result of average voltage of 19,16 Volt and current of 

0,13 Ampere. 

4. The graphic for voltage and current data presents stable results in a week’s interval. 

5. Based on the 2 day graphic interval, that voltage measurement gap is visible since the 

measurement is only conducted on average of 5 hours per day. 

6. The performance of utilized solar panel presents an extremely well result and potential to be 

developed further by future researchers.  
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Abstract: Wind energy is one of the potential renewable energy, but the applications have to be 

adjusted to the available wind characteristic in the area. In Indonesia, the wind speed is in 

average not very high, only around 4 m/s. Therefore the wind turbine design have to be adjusted 

for usage in Indonesia. In this research, two wind turbine designs are compared. One design is 

of the form Horizontal-Axis Wind Turbine (HAWT) and the other is of the form Vertical-Axis 

Wind Turbine (VAWT). Both designs are optimized for wind speed of 4 m/s. The comparisons 

are done using computer simulation software OpenFOAM. The result shows VAWT design can 

produce similar power with smaller turbine dimension than the HAWT design. 

Keywords: CFD, OpenFOAM, VAWT, HAWT, turbine, low speed wind 

1. Introduction 

Wind energy is being developed all over the world, since it is one of the potential renewable energy 

resources. Large and medium scale turbines have been developed alot in America and Europe, 

especially in England and Gemany. The development of small scale wind turbines, on the other hand, 

have just begun (Thorstensson, 2009). 

Indonesia has potential in wind energy. Indonesia Wind Energy Society (2012) has published a 

map showing the potential of wind energy in Indonesia. According to this map, the areas with the most 

wind energy potential in Indonesia are Nusa Tenggara Timur, Nusa Tenggara Barat, south Papua, 

Sulawesi, and south coastal region of southern Indonesia. It is estimated that the potential power that 

can be generated from wind energy in Indonesia can reach 150 MW. 

Badan Pengkajian dan Penerapan Teknologi (BPPT, Agency For The Assessment And 

Application Of Technology) has produced a report detailing the wind energy potential in 10 java 

regions (Badan Pengkajian dan Penerapan Teknologi (BPPT), 2014). The map is shown in Figure 1. In 

all the regions surveyed in that report, the maximum wind speed is only 8 m/s, and in average the wind 

speed is only around 4-6 m/s.  

 

Figure 1. Wind energy potential in several areas in Java, Indonesia (Badan Pengkajian dan 

Penerapan Teknologi (BPPT), 2014) 
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Based on this result, it is clear that the common wind turbine, which is usually designed for high 

speed wind (10 m/s or more), will not perform well in Indonesia. What is needed is more wind turbines 

which are optimized for low speed wind (around 4 m/s). Low speed wind turbine also usually means 

that the power generated is only small scale. But it is better than large scale wind turbine, with high 

power generating capacity, which cannot operate well due to lack of wind speed. 

Wind turbine design can be done using computer simulation. OpenFoam is one of the open 

source software that can be used for this purpose (OpenFoam, 2018). This software has been used to 

optimize wind turbine design by analyzing the air flow in the turbine, e.g. in (Hendriana et al., 2015). 

The basic difference between wind turbine designs for high and low wind speed is in the area of the 

blades. Low speed wind turbine will have larger blade area. The large area is needed because the 

momentum of the low speed wind is lower than for the high speed wind. The power of wind momentum 

is proportional to the the cube of the wind velocity (Rosa, 2009). 

There are two possibilities of wind turbine design: Horizontal-Axis Wind Turbine (HAWT) and 

Vertical-Axis Wind Turbine (VAWT). For each of this type, a design is simulated using OpenFoam. 

The turbines are designed to be optimal at wind-speed 4 m/s. 

2. Methods 

2.1. Horizontal-Axis Wind Turbine (HAWT) Design 

Horizontal axis wind turbine (HAWT) is a wind turbine with rotation axis parallel to the wind direction. 

This kind of turbine is usually mounted on a tower, and can be aligned to the wind direction by using a 

back fin (Moreno, 2008). In many literatures it is mentioned HAWT can have higher efficiency than any 

other wind turbine (Castillo, 2011). 

The HAWT design which is tested in this research is a modification of the design made by 

Hendriana et al. (2015), which is a HAWT with 6 blades with diameter 7.5 m each. This HAWT has a 

good efficiency of 52%. The design can be seen in Figure 2. 

 

Figure 1. Wind energy potential in several areas in Java, Indonesia (Badan Pengkajian dan 

Penerapan Teknologi (BPPT), 2014) 

In this research, the HAWT designed by Hendriana et al. (2015) is modified, so it has now only 

3 blades with smaller diameter of 5 m. These modifications are done to reduce the weight and cost. 

Further simplification is taken by simplying the profile of the blade with straight line along radial 

direction to simplify the manufacturing process. The modified design can be seen in Figure 3. 

 

Figure 3. Modified design of HAWT 
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2.2. Vertical-Axis Wind Turbine (VAWT) Design 

Vertical-Axis Wind Turbine (VAWT) has axis of rotation perpendicular to the wind direction. The 

main axis is then usually set to be vertical (Castillo, 2011). VAWT has the advantage that it can rotate 

independent of the wind direction. This kind of turbine is suitable for places where wind direction often 

changes. 

The VAWT which is used in this research is of the type Savonius, where the momentum of the 

wind is converted into high pressure, which then move the blades, just like for the sails in a sailing boat. 

Two VAWT designs are combined. The first one is made by Susanto (2017) which can be seen in 

Figure 4 (a), and the second one is made by Clements (2017) shown in Figure 4 (b). 

 

Figure 4. Two VAWT designs: (a) Susanto (2017) and (b) Clements (2017) 

The design in Figure 4(a) is relatively simple, and need less material, and has high efficiency 

but the torque is not stable (going up and down in one rotation). On the other hand the design in Figure 

4(b) has a stabile torque and high efficiency, but it needs more material due to too many blades. The 

modified VAWT used in this research has just two blades arrangement like in Figure 4(a), but the 

turbine is divided in two vertically like in Figure 4(b). Using only two blades should decrease the 

material cost, and the two layers should increase the stability of the torque. The resulting modified 

design can be seen in Figure 5. The height is designed to be 2 m and the total outer diameter is 2.4 m. 

The size of the turbine is chosen to maximize the utilization of plate material in the market with the size 

of 2.4m x 1.2m. 

 

Figure 5. Modified design of VAWT 

2.3. Computational Fluid Dynamics 

Computer simulation analysis is performed using RANS turbulence method with the software called 

OpenFOAM. This is an open source CFD software and for more details, we can refer to OpenFOAM 

user guide (2018). This software has been undergoing lots of tests and validations by the CFD 

community in the world and good results have been reported everywhere. Furthermore, open source 

base software gives the opportunity for researchers to develop and improve the software. Besides, it is a 

free software license too. 
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In this analysis, incompressible solver with Reynolds Averaged Navier-Stokes (RANS) and 

k-ω turbulence model is used. The module name in OpenFOAM is simpleFoam and simulation is run to 

get steady-state solution. Setup of the simulation is sketched in the following figure. 

 

Figure 6. Simulation boundary conditions for turbine CFD analysis. 

3. Results and Discussions 

3.1. Horizontal-Axis Wind Turbine (HAWT) Results 

Simulation result for HAWT to show air streamlines and air speed distribution behind the wind turbine 

is shown in Figure 7. Large turbulence which is indicated by low air speed with blue color, behind the 

turbine is predicted. This area will be the location of turbine nacelle. The size of turbine back fin needs 

to be large enough to reach outside this turbulence area. 

 
 (a)                                                  (b) 

 

Figure 7. Simulation result for HAWT, (a) Air streamlines colored by air speed (b) slice to show 

air speed distribution behind turbine 

Comparing the performance of original HAWT design with 6 blades, diameter of 7.5 meter, 

smooth radial blade profile to the simplified HAWT design with 3 blades, diameter of 5 meter, straight 

line radial blade profile, turbine efficiency and output power curves as a function of turbine rotational 

speed can be seen in Figure 8. 

 
(a)  (b)  

Figure 8. Turbine performance comparison between HAWT original design and simplified 

design (a) Turbine efficiency (b) power output. 
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Figure 8(a) shows that the peak turbine efficiency for the original design is 52% while the 

simplified design is 38%. This reduction of turbine efficiency is mainly influenced by the blade 

reduction from 6 to 3 blades. Notice that the peak turbine efficiency for original design is at around 30 

rpm while for the simplified design at around 45 rpm. This shift of peak rpm is influenced by diameter 

reduction from 7.5 to 5 meter. The smaller the diamater, the higher is the peak rpm. 

Figure 8(b) shows that the peak power output for original design is 890 watt at 30 rpm while for 

the simplified design is around 290 watt at 45 rpm. This power reduction is due to the turbine diameter 

reduction and lower turbine efficiency. The larger the diameter, the larger is the power output of the 

turbine. 

 

Figure 9. Turbine torque output performance comparison between HAWT original design and 

simplified design. 

Figure 9 shows that the peak torque output for original design is 395 N.m at 10 rpm while for 

the simplified design is around 75 N.m at 30 rpm. This torque reduction is due to the turbine diameter 

reduction and lower turbine efficiency. The larger the diameter, the larger is the torque output of the 

turbine. 

3.2. Vertical-Axis Wind Turbine (VAWT) Results 

Simulation for VAWT is done with 2 different angle of turbine rotation, 0 degree and 45 degree angle. 

The sketch with turbine upper blade cross section for 2 different attitudes is shown in the following 

Figure. Note that the turbine attitude of 0 degree will be symmetrical to 90 degree attitude because the 

upper blade attitude is 90 degree difference to lower blade attitude. When the turbine attitude is 90 

degree, the upper blade attitude will be the same as 0 degree lower blade attitude. 

 

Figure 10. Simulation conditions for 2 different attitude of VAWT turbine. 

 
Simulation result for VAWT to show air streamlines and turbine surface pressure distribution 

for 2 different attitude is shown in Figure 11. Turbulence area, indicated by low air speed behind the 

turbine is predicted. Air acceleration close to the rounded blade is seen indicated by higher air speed, 

red color. Close to this air acceleration is lower pressure on the blade surface, blue color. High pressure 

is seen in the open cup area of the blade, indicated by red color. 
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(a) (b) 

 
(c) (d) 

 

Figure 11. Simulation result for VAWT, (a) Air streamlines colored by air speed for 0 degree 

angle, (b) surface pressure distribution on the turbine for 0 degree angle, (c) Air streamlines 

colored by air speed for 45 degree angle, (d) surface pressure distribution on the turbine for 

45 degree angle 

Turbine torque and power output curves as a function of turbine rotational speed for 0 degree 

and 45 degree angle are shown in Figure 12. Estimated total torque and power output curves will be the 

average of 0 and 45 degree curves. 

 
(a)  (b)  

Figure 12. VAWT Turbine performance for 0 and 45 degree angle and its average (a) Turbine 

torque output, (b) Turbine power output. 

Figure 12(a) shows that torque output for 45 degree angle is larger than for 0 degree angle. This 

will lead to pulsation of turbine rotation. However, mass inertia of the turbine will smooth the turbine 

rotation due to this torque pulsations. 

Higher torque output lead to higher power output as shown in Figure 12(b). The 45 degree angle 

gives larger power output than 0 degree angle. The total expected power output of the turbine will be the 

average power output of turbine. VAWT turbine gives a peak power output of 300 Watt at 130 rpm. 
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3.3. Turbine Comparison 

Dimension and predicted performance of Turbine HAWT and VAWT evaluated at the wind speed of 4 

m/s is summarized in the following table. 

Table 1. Comparison between HAWT and VAWT for wind speed 4 m/s 

 

As can be seen in Table 1, the VAWT can produce about the same output power as HAWT 

with much less frontal area. However, VAWT is running in higher rpm than HAWT. This is due to the 
size of the turbine. The smaller the size of turbine the higher rpm it will run. Due to its size, VAWT 
gives smaller maximum torque output as well. 

4. Conclusion 

The sizes of HAWT and VAWT turbines considered in this project are reasonable for transportation and 

manufacturing. Although VAWT turbine size is smaller than HAWT, they both are producing almost 

the same power of 300 Watt for low wind speed of 4 m/s. VAWT turbine is not very popular in 

Indonesia and the simulations show its potential for the electric generation application in low wind 

speed area. Nevertheless this simulation results must be verified using experiments. 
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Abstract. The problem raised in this research is the high cultural crisis experienced by the 

people of Indonesia, especially the younger generation who prefer foreign culture rather than 

the local culture. This research seeks to change the perception of old fashioned local culture by 

combining local culture with the development of information and communication technology 

which is now widely used by the society of all circles. The method used in this study is content 

crowdsourcing because it requires the help of outsiders to fill the content and data that will be 

managed later in large volumes. Therefore, it will use cloud computing, Software as a Service 

(SaaS). This research has successfully developed a portal that can accommodate cultural values 

and local wisdom in the form of multimedia content. 

1.  Introduction  

One of the serious problems of a nation is the faded and alienated culture of the nation itself. Related to 

the current cultural crisis in Indonesia, a culturist Emha Ainun Nadjib mentions two groups of 

Indonesian society. First, they are easy to become western. Secondly, those who easily become Arabs. 

The culture of our nation seems to be a foreign things for our own nation, away from us. This nation is 

in a cultural crisis [1]. Yet according to the Minister of Interior of pluralistic Indonesian people, it is a 

fact that must be seen as a national asset, not a risk or a burden. The people is a national potential that 

must be empowered, enhanced its potential and productivity of physical, mental, and cultural [2].  

Minister of Home Affairs (Mendagri) Tjahjo Kumolo stated that the Indonesian nation is 

currently facing a cultural crisis [2]. Additionally, if not immediately enforced efforts to 'form' explicit 

national identity and national awareness, then the Indonesian nation will face the destruction [2]. This 

opinion is also reinforced by Renita Sari Adrian, an observer of Indonesian culture. He said Indonesia 

does not have a place that Indonesia really in the center of Jakarta, whereas Indonesia is rich with 

culture [3]. Likewise with the opinion of an Indonesian entertainer, Irfan Hakim. Irfan regretted the 

young generation of prestige with indigenous culture of Indonesia [4]. Though foreign cultures are very 

easy to spread in Indonesian society, especially the younger generation [4].  

Professor of Anthropology Diponegoro University of Semarang, Agus Maladi Irianto assess 

information technology is very effective as a means of cultural politics, as did South Korea [5]. Former 

Chairman of the Arts Council of Semarang (Dekase) added that the existence of social media and 

television today is very influential to many people and has changed the centuries as anthropological 

studies first [5].  

So in this study aimed to develop an information and communication technology (ICT) that can 

introduce, preserve, and socialize cultural values and local wisdom, which can be video, photography 

and digital narration. 

The development of information and communication technology is in the form of a cultural 

portal in its data collection using techniques of crowdsourcing and management of its digital media 

content based Software as a Service (SaaS). Crowdsourcing has become a promising paradigm for 

completing tasks that are beyond machine capability through outsourcing tasks to the crowds online [6]. 

Crowdsourcing has grown, such as Wikipedia and Turk Mechanical, to the techniques currently used by 
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corporations and academics for different purposes [7]. Crowdsourcing enables good characterization 

and performance evaluation of today's large-scale networks using distributed strength and intelligence 

[8].  

Software as a Service (SaaS) as a trend in the information technology (IT) industry has attracted 

many interest from researchers and practitioners [9]. Software as a Service (SaaS) provides access to 

applications to end users over the Internet without any initial investment in infrastructure and software 

[10]. In a cloud computing environment, Software as a Service (SaaS) refers to the ability of a system on 

a single cloud provider to communicate with a system [11].  

This research seeks to change the perception of old fashioned local culture by combining local 

culture with the development of information and communication technology which is now being used 

by the society of all circles. 

2. Literature Review  

2.1. Previous Research  

Research found that the technique of crowdsourcing is very effective and efficient in engaging company 

employees to actively provide innovative ideas for the company [12]. However, this approach requires 

full attention in designing sociotechnical participation architecture. He added that for the sake of 

walking crowdsourcing techniques, it takes the element of incentives/bonuses to increase the 

competitive in the “crowd” [12]. But considers that portal or knowledge management is ineffective in 

use because of fluctuating and disturbing “crowds” [13]. Opposed by [14], his research concludes that 

knowledge management is an important issue for organizations.  

The results suggest that crowdsourcing is still a relatively new concept for business and science, 

and therefore requires the development of a holistic ontology. Crowdsourcing can be a useful model for 

corporate activity and holistic ontology providing a new way of managing crowdsourcing operations. 

Therefore, crowdsourcing requires management, which can be based on a crowdsourcing management 

ontology. Crowdsourcing Ontology provides eight concepts that managers can use to manage 

crowdsourcing activities. Ontology includes the concept of openness, platform, management, resources, 

compensation, task, focus, and maturity. This concept influences the end result and the value the 

company receives from crowdsourcing activities [15].  

Conducted a study of the Chinese government web portal where they used a new evaluation 

framework based on the principles of contemporary public administration and web evaluation theory. 

They found that different levels of e-government development in China and developed countries have 

narrowed, but some aspects of interaction between government and citizens are still in the early stages 

[16].  

It can be concluded from existing studies that the portal website or knowledge management is 

widely used in order to improve the competitive advantages of an organization, especially business 

organizations. They engage users / "crowds" to provide content in their portal/knowledge management, 

even for up-to-date and up-to-date content, the management rewards/incentives for those actively 

involved [17].  

This approach can be implemented also in a large "crowd" where there is a need for good 

management in crowdsourcing. Because the success of crowdsourcing method is not seen from the size 

of the "crowd" owned but how the management can manage the "crowd". Therefore, this study uses 

crowdsourcing method so that the content on the cultural portal can be crowded and up-to-date.  
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2.2. Software as a Service  

Cloud computing offers various types of IT resources in the form of web services, such as Infrastructure 

as a Service (IaaS), Platform as a Service (PaaS), and Software as a Service (SaaS) as can be seen in 

Figure 3.1 [18]. Cloud Computing, Software as a Service (SaaS) is getting more and more attention 

from researchers and practitioners. Regardless of the relevance and potential to increase IT flexibility 

and reduce costs, but concerns are still on the user side [18].  

In research it was found that Cloud Computing and Enterprise Systems had an impact on value 

creation and organizational performance [19]. Also, ensure that Software as a Service (SaaS) is very 

suitable for large organizations/companies that do need to manage data with a large volume [19]. Cloud 

computing, Software as a Service (SaaS) is performed by customers on hardware or software that they 

do not own [9].  

Software as a Service (SaaS) as a trend in the information technology (IT) industry has attracted 

many interest from researchers and practitioners [9]. Software as a Service (SaaS) provides access to 

applications to end users over the Internet without any initial investment in infrastructure and software 

[10]. In a cloud computing environment, Software as a Service (SaaS) refers to the ability of a system on 

a single cloud provider to communicate with a system [11].  

SaaS also developed in Indonesia, proved in 2006 one of the providers of IT Indonesia to 

provide SaaS to the people of Indonesia [9]. Asia Cloud Computing Association (2015) found that the 

use of cloud computing in Indonesia is still very small, only 14% of companies in Indonesia are using 

this service. It has also been proven in 2014 (Asia Cloud Computing Association, 2014) that Indonesia 

is at the 12th level of 14 Asian countries that adopt cloud computing technology. The existence of 

regulatory factors and the Indonesian government that led to the adoption of cloud computing is still 

less desirable [9]. 

2.3. Crowdsourcing  

Crowdsourcing has become a promising paradigm for completing tasks that are beyond machine 

capability through outsourcing tasks to the crowds online [6]. Crowdsourcing has grown, such as 

Wikipedia and Turk Mechanical, to the techniques currently used by corporations and academics for 

different purposes [7]. Crowdsourcing enables good characterization and performance evaluation of 

large-scale networks using distributed strength and intelligence [8].  

The concept of crowdsourcing has been around for centuries, a recent study shows that over 40 

different definitions of this term are in the literature and there is a need to learn the applications, 

challenges, and benefits of crowdsourcing [20]. According to many organizations use crowdsourcing as 

a way to discover the various tasks a "crowd," a group of people that can be reached through the Internet 

[21]. The main goal of crowdsourcing is cost savings or the possibility of handling difficult tasks 

without human support [21].  

The semantic mix of social media faces new challenges, such as the following [22]: (1) Source 

of knowledge, where social media information is obtained from different channels, such as censorship, 

program generation, user generation, and other shared resources. (2) The heterogeneity of storage, in 

which the semantics of social media originates from a cross-fusion of forms, including text, images, 

audio, and video, which do not use the same storage format. (3) Multimodal expressions, where 

semantic data obtained in a crowdsourcing environment have the ability to convey knowledge. 

However, due to data complexity, there are a number of problems with different semantic data modes 

when analysed, such as multi-feature spatial expression, multi-correlation, and large amounts of noise. 

(4) Dissemination socialization, where semantic information is not considered in the dissemination 

process. In short, computing based crowdsourcing provides a viable way to combine semantics 

efficiently but finds many problems due to the above characteristics. Crowdsourcing ontology has eight 

concepts that managers can use to manage crowdsourcing activities. Ontology includes the concept of 

openness, platform, management, resources, compensation, task, focus, and maturity. This concept 

influences the end result and the value the company receives from crowdsourcing activities [15]. 
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3. Research Methods  

The development of the Indonesian Culture Introduction portal begins with a study of the library 

regarding the multimedia trends that fit this cultural portal. Plus this portal brings cloud computing 

base, Software as a Service (SaaS) where more in-depth understanding of the service is needed. In 

addition, it is also necessary to learn/survey about user interface in accordance with the interests of the 

people of Indonesia, especially the younger generation who will be active in the cultural portal. The 

next stage after studying theory and field studies, then the next step is to analyse and design the cultural 

portal.  

 

Figure 1. Research Roadmap  

4. Results and Discussion  

This article focuses on developing first-year research, which focuses on creating cultural portals. The 

cultural portal is given the iBudaya.id domain name. Designing Data Flow Diagrams (DFD) starting 

from the design stage of Data Flow Level 0 Diagrams. 

 

Figure 2. Data Flow Level 0 Diagram of iBudaya.id Content Information Subsystem  

After DFD Level 0 is created, proceed to DFD Level 1 which describes the iBudaya.id Content 

Information Subsystem. The DFD Level 1 is divided into six processes (Upload File, Delete File, View 

File, View Number of Like Files, View Notifications, and Comment), 12 tables (tbl_image, tbl_video, 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

228 

 

tbl_lagu, tbl_document, tbl_flash, tbl_like_image, tbl_like_video, tbl_like_music, tbl_like_document, 

tbl_like_flash, tbl_notification, and tbl_comment), and 3 entities (Files, Users and Administrators) as 

shown in Figure 4. All processes can be accessed by the File entity. After DFD Level 1 is created, 

proceed to Level 2 DFD which consists of file upload sub process (Figure 5), Deleting Files (Figure 6), 

and Viewing Files (Figure 7). 

 
Figure 3. Data Flow Level 1 Diagram Information Sub process iBudaya.id Content  
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Figure 4. Data Flow Diagram Level 2 Sub Process Upload File  

 

Figure 5. Data Flow Diagram Level 2 Sub Process Delete File  
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Figure 6. Data Flow Level 2 Diagram Sub Process Viewing Files  

5. Conclusions  

This research has successfully developed a portal that can accommodate cultural values and local 

wisdom in the form of multimedia content. The cultural portal can be accessed through the link address 

http://ibudaya.id/. This portal will be further refined in terms of cultural content procurement, where the 

content is in the form of videos and folklore texts. 

6. Future Works  

The follow-up of this study is to collect content that can be entered into the portal of culture. It was only 

in the collection of content using crowdsourcing techniques. Crowdsourcing techniques are expected to 

make it easier to gather volunteers who want to create content.  
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Abstract: The Internet has become the biggest medium for people to communicate with other 

people all around the world. However, the Internet is also home to hackers with malicious 

purposes. This poses a problem for Internet Service Providers (ISP) and its user, since it is 

possible that their network is compromised and damages may be done. There are many types of 

malware that currently exist on the Internet. One of the growing type of malware is botnet. 

Botnet can infect a system and make it a zombie machine capable of doing distributed attacks 

under the command of the botmaster. In order to make detection of botnet more difficult, 

botmasters often deploy fast flux. Fast flux will shuffle IP address of the domain of the 

malicious server, making tracking and detection much more difficult. However, there are still 

numerous ways to detect fast flux, one of them is by analysing DNS data. Domain Name System 

(DNS) is a crucial part of the Internet. DNS works by translating IP address to its associated 

domain name. DNS are often being exploited by hackers to do its malicious activities. One of 

them is to deploy fast flux.Because the characteristics of fast flux is significantly different than 

normal Internet traffic characteristics, it is possible to detect fast flux from normal Internet 

traffic from its DNS information. However, while detecting fast flux services, one must be 

cautious since there are a few Internet services which have almost similar characteristics as fast 

flux service. This research manages to detect the existence of fast flux services in an ISP 

network. The result is that fast flux mostly still has the same characteristics as found on previous 

researches. However, current fast flux trend is to use cloud hosting services. The reason behind 

this is that cloud hosting services tend to have better performance than typical zombie machine. 

Aside from this, it seems like there has been no specific measures taken by the hosting service to 

prevent this, making cloud hosting service the perfect medum for hosting botnet and fast flux 

services.  

Keywords: fast flux, DNS, botnet  

1. Introduction 

The internet has now become the biggest medium for communication, entertainment, and information. 

Anything that people want to look for will most likely be on the internet. At the time of the creation, the 

main focus of the internet is to share information (Chellapa and Pavlou, 2002). They want to ensure that 

the internet can connect systems throughout the world. Security of the internet was not the main concern 

at the time. As the usage of the internet grows, threats to internet users start to appear. One of the earliest 

internet threat is the rabbit virus. Rabbit virus is a type of virus which will multiply itself in a system 

until the system’s performance deteriorates and eventually crashes (Snyder, 2010). 

Internet security threat can be directed to any party that is using the internet, be it a person, a 

company, a government organization, etc. The software that is causing internet security threat is called 

malware, which stands for for malicious software. There are many types of malware which serves 

different purposes. One of the type of malware is botnet. 

Botnet is a network of infected systems, also known as bots or zombies, which are remotely 

controlled by the owner using command and control (C&C) software. The botmaster can use the botnet 

for malicious activities, such as distributed denial of service (DDoS) attacks, sending spam, steal data, 
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and take control over the zombie device. Botnet is considered to be one of the biggest threat to Internet 

security. Botnet’s C&C servers may use domain names to lead victims into its servers which host the 

malicious codes and phishing sites that will infect the victim and possibly steal sensitive information. 

Spamhaus, an organization that tracks spam and cyber threats, released a Botnet threat report for 2017. 

Spamhaus’s Botnet Controller List (BCL) saw more than (40%) increase of listing of IP addresses for 

botnet servers in 2017, and more than (90%) since 2014 (Spamhaus Malware Labs, 2018). 

The spread of the malicious domains can be done through opening spam emails or visiting 

suspicious websites from search engines. This method of Botnet spreading can easily be prevented by 

informing users of the danger of opening malicious sites, however not all internet users have been 

educated regarding this problem, therefore the problem remains existing to this day. Some preventive 

actions have been done in order to decrease the spread, one of the most notable method is by providing 

blacklisting services. Blacklist is contructed of manual reports by users, honeypots, etc. (Ma, J. et al., 

2009). One example of blacklisting service is from www.dnsbl.info. However, not all malicious sites 

can be blacklisted due to outdated detection method, the sites never being detected, or the sites using 

stealth methods to hide its malicious characteristics. 

Botmasters will try to keep their botnet network running for as long as possible while 

maintaining low detection rate to avoid being detected. According to Mahmoud and Matrawy (2015), 

one of the ways botmasters do this is by implementing Fast Flux Service Network on their botnet 

network. Domains that implements fast flux have multiple IP addresses associated to it and have the IP 

addresses constantly change in high frequency. This allows the botmaster to do attacks while hiding 

their server. 

1.1. Research Problem 

Internet Service Providers (ISPs) will send and receive packets of data as part of its function. However, 

not every packet that goes through the ISP is legitimate. One malicious traffic hidden between millions 

of legitimate packets will be hard to detect. The effect of the malicious traffic is yet to be known, but it 

is certain that there will be damage done to either or both the ISP and the customer. Botnets are also 

often using fast-flux domains to mask its malicious websites and the C&C servers from being detected, 

making it harder for detection system to track the malicious networks. Therefore, a countermeasure is 

needed to handle the threats. 

1.2. Related Works 

Previous researches on fast flux detection has proposed a number of methods that uses different sets of 

features in its detection system. The first research on fast flux detection Nazario and Holz,  (2008)  

proposed a detection system using spam trap analysis which collects URLs from spam emails to then be 

analyzed. They used ATLAS system from Arbor Networks to identify and track new fast flux networks. 

The features used in this research are A record, NS record, and SOA records from DNS. They also 

applied blacklist and whitelist to filter out benign domains. 

In Mahjoub (2013), the author introduced fast flux botnet monitoring using recursive and 

passive DNS information. The research focuses on studying the Kelihos botnet. The method starts by 

taking a set of domains confirmed to be fast flux and hosted by Kelihos botnet. From the malicious 

domains, the author build a training set and attribute features to each individual hostnames based on 

passive DNS, WHOIS¡ and geolocation information. Then, a detection model can be built and used in 

live networks. 

The authors in Bilge, L. et al. (2011) introduced EXPOSURE, a malicious domains detection 

system which uses passive DNS analysis. They used 15 features in total for their detection system, some 

of which have been used in previous researches. EXPOSURE managed to characterize different 

properties of DNS names and the ways the properties are queried. EXPOSURE managed to 

automatically identify unknown malicious domains which are used in malicious activities, such as for 

botnet C&C server. 

In Holz, T. et al. (2008), they used flux scoring based on the extracted DNS features, such as IP 

address diversity, A record count, NS record count, etc. To validate the fast flux service networks 

(FFSN), they used empirical measurements on 128 verified FF domain and 5,803 benign domains as the 

input, then performed two consecutive DNS lookups of all domains. On doing the DNS lookup, they 
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waited TTL +1 second between the two lookups as to not get cached response on the second lookup. A 

10 fold cross validation is then done on the set of labeled fast flux domains and benign domains. Using 

this methoed, they managed to achieve a 99.98% accuracy. 

Another type of detection system is proposed in Chen, Huang, and Ou (2014), in which the 

authors used only the A record and NS record of the passive DNS information to determine if the FQDN 

(Fully Qualified Domain Name) is legitimate or malicious. For the detection system, they used 

dissimilar ASNs, the reverse lookup of the DNS, and the time of the domain registration as the detection 

features. The A and NS records can be collected by using dig command in Ubuntu. They used Step 

function on the detection system in order to classify the domains as legitimate or malicious. A step 

function threshold was determined from experiments they have done previously. 

2. Methodology 

2.1. Research Framework 

 

The research framework shown in Figure 1 is based on Marchal, S. et al. (2012). The first step of this 

research is to collect the data required for the research. This is done by deploying a sensor in the ISP 

network in order to capture the network traffic. After having the required data of network traffic, the 

data is then stored in a server for further processing. In the processing step, the data will be filtered to 

reduce the amount of data that needs to be analyzed. Then, manual labeling will be done by human 

operator to classify a domain to suspected fast flux domain or benign. Suspected fast flux domains will 

then be validated to decide if it is truly malicious or not. 

The data will be collected using passive DNS replication method rather than using active 

probing approach. Weimer (2004) describes Passive DNS Replication as a technique to reconstruct 

partial view of the data available in global DNS to central database where it is indexed and queried. The 

sensors will be deployed in the ISP node in order to be able to capture both customer and internal 

network. Perdisci, R. et al. (2009) explained that by using active probing, it will be easily detectable by 

the botmaster. If the botmaster detects any attempt to track the malicious flux network, it may stop 

responding to the queries from the probing system. This is unlikely to happen using passive DNS 

replication because there is no direct communication with the flux network, therefore it is stealthier. 

When connected to the internet, the ISP will have network for its internal use and network for the 

customer. Both network will be mirrored to a storage that stores the DNS traffic and Netflow traffic. 

The information from both networks will then be analyzed. 

Data captured from the ISP is then stored in a server. In the server, the data will be processed 

before a human operator does manual labeling. The processing stage begins with feature selection. 

Then, whitelist from Majestic Million will be applied to the data to eliminate traffic from known 

legitimate domains. This process is done using a Python script. After whitelist is applied, further 

filtering is done according to the fast flux features. 

Analysis stage will start after all the processing is done. To start the analysis stage, the data 

needs to be indexed in a search engine and then to a visualization tool to further ease the process of 

analysis. The analysis is done by a human operator since there is no machine learning applied in this 

experiment. The result of this stage is a list of domains that are suspected to be part of Fast Flux Service 

Network. 

Data Evaluation stage will further evaluate suspected malicious domains from the analysis 

stage to confirm the maliciousness of the domain. A function will be applied to the DNS information to 

help deciding the maliciousness of the domain:  

w1nA+w2nASN=w3eD+w4∆RTT= β  

and a linear function is then used to determine the maliciousness of the domain: 
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fx-wTx- β 

 Further validation is done to the suspected domains. The validation stage is done to add 

additional information of the suspected malicious domains. The features used in validation stage are 

features of fast flux domains which are not necessarily available in the passive DNS record. The 

features used in validation stage includes domain age, registration country, IP change of rate, and the 

result of a reverse dns lookup. This stage is based on Perdisci et al. (2009). This is to ensure that no 

legitimate domain is misclassified as malicious.  

3. Experiment Result 

3.1. Analysis 

During the four weeks of data captured in the ISP of Alam Sutera, the detection system in this research 

managed to detect two fast fux domains. The domains detected by the system are: diamongsl.info and 

spendentaly.info. 

Spendentaly.info has TTL value of 179, 4 unique A records, 4 unique NS records, and 1 ASN. 

After being evaluated with the evaluation function, the domain turned out as malicious. Upon further 

validation, the domain turned out to be created on 13-03-2018. This means that at the time of this 

research, the domain is less than one year old. The domain is also registered in Ukraine and has 1 to 5 

days IP change rate, which is much faster than normal domains. 

Diamongsl.info was detected on June 7 2018. It has TTL value of 300, 5 unique A records, 4 

unique NS records, and 1 ASN. After being evaluated with the evaluation function, the domain also 

turned out as malicious. The validation process specified that the domain is created on 02-08-2018, 

which at the time of this research, is less than 1 year old. it is also registered in Ukraine and has 1 to 5 

days IP change rate. 

Both domains are then checked on virustotal.com. It turned out that both diamongsl.info and 

spendentaly.info shared IP addresses on multiple occassions. This means that it is possible that both 

domains are part of the same fast flux network. The IP addresses are not only associated to these two 

domains, but also to several other domains which are also suspected to be part of the same fast flux 

network. Some of the domains are: entionale.info, lekhands.info, and gleaminist.info. The domain 

entionale.info. Further analysis were done to these domains. Domain entionale.info turned out to be 

communication with an executable file called KLIULIANGBAO%5B1%5D.EXE. This file is flagged 

on 54 detection engines as malicious because the file contains Virut, which is known to be a botnet 

malware. The executable file is also communicating with the domain liuliangbao.cn, which is flagged 

as a known infection source in virustotal.com. 

Upon further checking of the executable file, it is revealed that it also communicates with 

another domain, which is casinosmart.info. This domain only has one associated IP address. However, 

when cheking the IP address, the IP address turns out to resolve to multiple domains. The fact that many 

of these domains seem to be created randomly, and that the IP resolves to multiple domains per day, as 

many as 6 domains per day, shows that this is a possible Domain Generation Algorithm (DGA). 

Based on the analysis, both domains project a characteristic unseen onp revious fast flux 

domains. While previous fast flux domains have multiple unique ASN due to the spread of the bot’s 

geolocation, these domains have a single unique ASN. This may be caused by the botnet controller 

being hosted on Amazon Web Service, which practice has been rising since early 2017. 

4. Conclusion 

Botnet is a type of malware that is growing and increasing in size and damage. The existence of fast flux 

helps botnet maintain stealthiness and causes botnet to be able to do attacks without being detected. 

However, die to its nature, fast flux can still be detected and in turn, prevented. 

DNS is one of the most important function of the Internet. Its purpose is to resolve domain name 

to its associated IP address. Because of its importance and design, hackers can exploit DNS to do 

malicious activities. One of the exploits of DNS is fast flux. 
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Fast flux can be detected from its features, which is significantly different from normal Internet 

traffic. However, there are also a few legitimate Internet services which have similar characteristics as 

fast flux, namely CDN and Round Robin DNS. When detecting fast flux, one needs to consider the 

existence of both as to not generate false positives. 

This research also found a new trend of fast flux domains, which is to use cloud hosting service. 

This is believed to be done because the cloud hosting service provides significantly greater performance 

than normal zombie machines, which normally consists of home desktops. This is beneficial for 

botmasters because it provides better scalability. Aside from that, it seems that there is no particular 

steps done by the cloud hosting service to prevent its service from hosting malware, so for the time 

being, the bots hosted on cloud hosting services are safe. 
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Abstract: With the increasing number of restaurants being opened annually, restauranteurs can 

not only pay attention to the food and service, but also to the restaurant’s physical atmosphere. 

This study focuses on DINESCAPE as the theory for physical environment. It aims to find 

whether or not the factors of DINESCAPE affect customer repurchase behavior in an upscale 

restaurant. This is a quantitative descriptive research and uses questionnaires to obtain its data. 

132 data from questionnaires are obtained from customers that have dined at Restaurant X. 

Restaurant X is an upscale restaurant located in the heart of Jakarta. Multiple linear regression is 

used to analyze the data and obtained the result. Result shows a strong relationship of 67,9% 

from physical environment towards customer repurchase behavior. Each hypothesis regarding 

the factors of DINESCAPE are accepted and shows that each factor of DINESCAPE affect 

customer repurchase behavior. Based on the findings, recommendations for Restaurant X 

include, but not limited to, improving the restaurant facility aesthetics such as lighting and 

themed decorations to stimulate repurchase behaviours. 

Keywords: Guidelines, formatting instructions, conference publications 

1. Introduction 

The culinary industry continues to grow rapidly especially in Indonesia. Based on the data from Badan 

Pusat Statistik Indonesia, 38.57% of all culinary establishments in Indonesia were created after 2009 

(Statistik, 2015). In 2013, there has been 5.78% economic growth compared to the year before 

(Suryowati, 2014). The hotel and restaurant industry is the third largest contributing factor of Gross 

Domestic Product (GDP) for Indonesia with a contribution of 1.07% out of 5.78% (Fahwani & Thom, 

2014; Suryowati, 2014). And in 2015, the restaurant industry in Indonesia continued to grow with an 

increase of 3.89% compared to the year before (Fahwani & Thom, 2016).  Based on the data from 

BEKRAF 2016 or also known as The Creative Economy Agency, Indonesia’s economy is dominated 

by 3 sub-sectors; culinary (41.69%), fashion (18.15%) and, creative (15.70%) from Indonesia’s total 

GDP (BEKRAF, 2017). It is also revealed that sub-sector culinary contributed 30% of the total revenue 

of the tourism sector and the creative economy (BEKRAF, n.d.).  

One of the things we can see to know whether a business is successful is to look at the 

customers. As stated by (Sabir, Irfan, Akhtar, Pervez, & Rehman, 2014), customers are the judges for 

determining the success of a product/service. In the hospitality industry, it is important to know and 

understand what the customers want in order to survive the fierce competition (Lu, Berchoux, Marek, & 

Chen, 2015). By understanding what customers want, it can lead to satisfied customers which can lead 

to repeat sales in the future, known as customer retention (Ryu, Han, & Jang, 2010). According to 

BusinessEncyclopedia.com, customer retention means the ability of a business to retain/keep their 

customers (Shopify, n.d.). It is also believed that retaining customers cost the company less than gaining 

new customers (Rosenberg & Czepiel, 1992). Other than that, customer retention also paves the way for 

future research and development of the product/company (Singh & Khan, 2012). 
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Sabherwal (2011) believes that customer deserves proper treatment for what they pay by 

showing them that besides good food and service, the restaurant atmosphere may invite them to come 

back, cited from (Malhotra, 2015). A restaurant’s atmosphere has a great impact on its restaurant’s 

image, which can act positively or negatively towards customer perception of the restaurant image. 

According to Kotler (1973) atmosphere is always present as a quality of the surrounding space and 

sometimes is considered more important than the food (Heide & Grønhaug, 2009; Kotler, 1973). Eating 

out is more than just going to a restaurant to eat. People may be seeking new experience, and 

atmosphere plays a critical part in creating those experiences (Ryu & Han, 2011). Choy, Lam, and Lee 

(2012) stated that things such as atmospheric, food quality and service quality contribute greatly to the 

success of restaurants (Petzer & Mackay, 2014). In addition to food and service, physical surrounding is 

an important aspect in creating image and influencing customers’ behavior in the restaurant industry. A 

restaurant atmosphere / physical environment is the first thing that customers come into contact with 

upon entering the restaurant (Tuzunkan & Albayrak, 2016). It is believed that the physical settings of a 

restaurant might influence human behavior and also be a determinant factor in affecting customer 

satisfaction that may lead to customer retention (Bitner, 1992; Ryu & Han, 2010; Zakaria et al., 2014). 

The usage of social media increases in a time where restaurants are struggling with competitors 

and declining number in visitors. To cater to this changes, establishments are changing their atmosphere 

to create an aesthetic “Instagram”-able moments (Garcia, 2017). As a result, more establishment is 

taking advantage of the restaurant atmosphere and social media to retain customers as acquiring new 

customers is five times more expensive for the company than it is to satisfy and retain customers (Kotler 

& Keller, 2009). 

2. Literature Review 

2.1. Marketing Mix 

According to Kinnear & Bernheerd (2002), marketing mix describe the strategic position of a product in 

the marketplace cited from (Al Badi, 2015). The traditional marketing mix originally consist of 4P’s; 

Price, Product, Place, and Promotion. However, Lovelock and Wirtz (2007) developed and added 3 new 

P’s that are appropriate for the service industry (Process, People, and Physical Environment). 
 

2.1.1. Physical Environment / Atmospherics 

The term atmospherics can be used to describe the controllable characteristics of a physical 

environment which may enhance and influence certain behaviour from customers that will lead to 

purchase probability (Bitner, 1992; Kotler, 1973). Atmospherics is assumed to be more important to 

customers of upscale restaurant. The consumption of hedonic activities is mainly driven by emotional 

motives where pleasure is sought. It is driven more by emotions rather than its usefulness. Because of 

this hedonic character, customers of an upscale restaurant will likely be more sensitive and pay attention 

to its physical surrounding (Wakefield & Blodgett, 1994). Customers of upscale restaurant also spend 

few hours dining and will consciously and unconsciously observe their physical surrounding 

(Wakefield & Blodgett, 1996). 

It is widely believed that the quality of food and the professionalism of the service personnel 

may be an important aspect to customers of an upscale restaurant. However, it is also recognised that the 

physical environment of the restaurant is also very important as they can determine customer’s intention 

to re-visit (Wakefield & Blodgett, 1996). No matter how tasty the food is, customer’s reaction towards 

a meal is always going to be influenced by their surrounding physical environment (Spence & 

Piqueras-Fiszman, 2014).  And, based on Kotler (1973) research results, some restaurant concludes that 

atmosphere is believed to be the main factor in making a successful restaurant and sometimes is 

considered more important than the product itself (Kotler, 1973). A well-designed restaurant won’t 

distract from the food, and especially not from the conversation. Instead, it will subtly contribute to one 

of those memorable evenings when everything clicks: the meal, the service and the warm vibes 

(Dapkevičius & Melnikas, 2009; Judkis, 2015). 

This research will use theory by Ryu & Jang, (2008) called DINESCAPE, which is a measuring 

scale that focuses only on the dining areas of the restaurant. DINESCAPE is the man-made physical 
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environment and humans surrounding dining areas of restaurant. It does not deal with external 

environment like parking lot and non – dining environment like restroom. DINESCAPE includes six 

dimensions, which are: facility aesthetics, lighting, ambience, layout, table settings, and service staff 

(Ryu & Shawn Jang, 2008). 

2.1.1.1. Facility Aesthetics 

Facility aesthetics are the interior designs and decoration of the restaurant, which add to the 

attractiveness of the restaurant. A lot of restaurants use facility aesthetics to create restaurant themes 

(Tuzunkan & Albayrak, 2016). Attractive interior décor will create more interesting customers’ 

experience while dull colored wall may appear boring (Wakefield & Blodgett, 1994). 

2.1.1.2. Ambience 

Ambience can be another word to explain the non – visual, intangible background conditions in the 

environment. It includes background characteristics like music, temperature and scent (Milliman, 1982; 

Ryu & Han, 2011). 

2.1.1.3. Layout 

Layout refers to how the objects inside the restaurant are placed and arranged as they are believed to 

affect customer’s comfort (Ryu & Han, 2011; Wakefield & Blodgett, 1994). Layout may create 

confined feeling to customers which will affect their excitement levels, quality perception, and their 

desire to re-visit (Wakefield & Blodgett, 1994). According to Ching (1996) cited in (Lin, 2004), the 

positions of furniture may act as a wall to create visible and invisible boundaries. The height of ceilings 

may also be associated with certain feelings because high ceilings shows spaciousness while low 

ceilings are often linked to intimacy taken from Ching (1996) cited by (Lin, 2004). 

2.1.1.4. Table Settings 

Upscale restaurants must show off a prestigious and a high – class impression. Setting up the table with 

high – quality china, flatware, glassware, table decorations and linen can enhance the elegant image and 

influence customer’s perception of the restaurant (Ryu & Han, 2011). Utensils used by the customers 

can affect the taste of the food and make the food taste better or worse (Michel, Velasco, & Spence, 

2015). Candles can be placed on the tables to create intense atmosphere. The shadows created by the 

flickering flames creates dramatic shadow patterns while the flames enhance people’s appearances and 

make the food look more appetizing (Quinn, 1981). 

2.1.1.5. Lighting 

Lighting is believed to be an important factor in interior design as it increases the aesthetic appeal and 

influences the mood and atmosphere of the restaurant (Malhotra, 2015). Lighting can also be used to 

draw the attention away from certain areas or to attract and highlight a certain area of the restaurant 

(Petzer & Mackay, 2014). Appropriate lighting can make dull plain walls and ceiling looks more 

interesting (Quinn, 1981). It has the ability to arouse individuals and is an important determinant of its 

surrounding because “brightly lit rooms are more arousing than dimly lit ones”. Also, individuals prefer 

illumination levels that produce appropriate levels of arousal said Mehrabian, (1976) cited in (Areni & 

Kim, 1994). 

2.1.1.6. Service Staff 

Service staff is represented by the employees that work in the restaurant. It includes the appearance of 

the employees and the number of employees (Ryu & Han, 2011). The uniforms worn by the employees 

can contribute to the color and theme of the restaurant (Quinn, 1981). 

2.2. Customer Repurchase Behaviour 

Consumer behaviour is define as someone’s decision and activities of selecting, purchasing and 

consuming goods and services for the satisfaction of their wants (Ramya & Ali, 2016; Sandhusen, 

2000). A purchase decision is the results of a lot of factors such as shopping habits, purchase behaviour, 

brands, etc. (Ramya & Ali, 2016). 
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Figure 1. Model of Buyer Behaviour (Khan, 2006b; Ramya & Ali, 2016) 

The “black box model” above shows the nature of consumer behaviour, focusing on when, why, 

how, and where people do or do not buy their products (Sandhusen, 2000). The stimuli enter customer’s 

“black box” and interact with customer’s characteristics and decision process which lead to a series of 

output in the form of purchase decision (Ramya & Ali, 2016). 

Stimuli 

There are two types of stimuli; marketing stimuli and other stimuli. Marketing stimuli, which 

could be control by management, includes 4 P’s. While other stimuli are beyond the management 

control and includes political, social, economic, and technological aspects (Ramya & Ali, 2016; 

Sandhusen, 2000).  

Buyer’s Characteristics 

There are 4 factors that will influence a customer behaviour; cultural, social, psychological, and 

personal. Psychological and personal are internal characteristics that determine customer’s behaviour. 

While cultural and social are external characteristic determine by our surrounding (Ramya & Ali, 

2016). 

2.2.1. Cosumer Buying Decision 

There are 5 steps included in a customer’s buying decision process; recognition, product awareness, 

evaluation, intention, and post – purchase behaviour.  

 Recognition: customer recognise their need to buy a product 

 Product awareness: an attempt is made to gain knowledge about the product 

 Evaluation: The product chosen to fulfil customer’s needs are evaluated in terms of pros and cons 

 Purchase Decision: Consumer acts and will purchase the product. In this step, it could happen to 

new customer or repeat customers. This study will focus on repeat customers. 

 Post – purchase behaviour: how a customer feel after using / consuming the product (Khan, 2006a, 

2006b).  

2.2.1.1 Customer Repurchase Behavior 

Traditional market approach used to believe that company can be successful by gaining new customers 

and increasing market share. However, things are different now. Obtaining new customers, keeping 

existing customers and maintaining a good relationship with them, and increasing revenue is the 

Customer Relationship Marketing (CRM) approach of the modern days (Ahmad & Buttle, 2002; 

Sarvari, Ustundag, & Takci, 2016). Repurchase can also be known as customer retention, in this study 

the author will use the term repurchase behavior (Curtis, Abratt, & Rhoades, 2011; Hennig-Thurau, 

Gwinner, Walsh, & Gremler, 2004; Thurau & Klee, 1997). Repurchase behavior itself means the ability 
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of customer to purchase product or service to the same establishment in more than one occasion (Curtis, 

Abratt, & Rhoades, 2011). 

Many believed that satisfaction can lead to behavioural intention like repurchase and positive – 

word – of mouth (Jalil, Fikry, & Zainuddin, 2016).  Customer satisfaction may act as an indicator for 

repurchase and satisfied customer are more likely to continue purchasing and maintain the relationship 

compare to those that feel dissatisfied (Curtis, Abratt, Dion, et al., 2011; Jing-bo, Zhe, & Long, 2008).  

When a customer is satisfied, their psychology manifestation is satisfaction and their behavioural is 

customer retention (Jing-bo et al., 2008). However, other research also says that it is possible for 

customers to repeat purchase and not feel satisfied and to feel satisfied and not repeat purchase (Shankar, 

Smith, & Rangaswamy, 2003).  

Research done by Aspinall, Nancarrow, and Stone (2001) showed that retaining customer is 

more important than acquiring new customers (Aspinall, Nancarrow, & Stone, 2001). Acquiring new 

customers costs the company five times more than satisfying and retaining them (Kotler & Keller, 

2009). Just like products, customers are acquired, retained and their value can grow over time (Ang & 

Buttle, 2006). Reichheld (1996) said that even a 5% increase in customer retention will result in a 75% 

increase in net present value (Eliwa, 2006). Retained customers may pay higher than new customers 

and are less likely to pay discounted prices meant to acquire new customers (Ang & Buttle, 2006).  

3. Methodology 

3.1. Sample and Procedure 

This research will focus on customers of Restaurant X, an upscale restaurant in the center of Jakarta. 

The population would consist of customers of Restaurant X that have returned at least once therefore it 

is unknown. Sample is the subgroup of the population chosen for participation in the study (Uma 

Sekaran, 2003; Surbhi, 2016). The purposive judgemental sampling from non – probability sampling 

method is chosen for this study. The purposive judgement sampling method choses participants from a 

specific target groups or those with certain characteristics, attitudes, or experiences (Sekaran and 

Bougie, 2013; Cooper and Schindler, 2014). In this case, those that have dine at restaurant X. 

3.2. Measurements 

The operating variables consist of question adopted from previous study from Wakefield & Blodgett 

(1996), Ryu & Jang (2008), Idris (2013) and Hussain & Ali (2015). It comprises of 34 questions in total, 

which includes 1 screening question and 3 questions about respondent profile. Pre – test are done to 30 

respondents and shows that all 30 questions are valid and reliable. 

4. Results and Discussions 

The result shows data gathered from 132 respondents of customers from Restaurant X, which consist of 

84 male customers, and 48 female customers. Majority of the respondents aged between 21 – 30 and 

have an income of between IDR 2.000.001 – 6.500.000.  

The final result shows that there is indeed relationship between physical environment and 

customer repurchase behavior. Data collected shows that physical environment affects customer 

repurchase behavior as much as 67,9% and the remaining 32.1% is affected by other factors not 

included in the study.  

4.1. Inferential Statistic Analysis 

Model Summary 

A value of R above 0.80 means that the relationship between dependent and independent variable is 

very strong (Sugiyono, 2014). From the model summary table above, the value of R is 0.833. which 

means that there is a strong relationship between the independent variables (facility aesthetics, 

ambience, layout, table settings, lighting, and service staff) and the dependent variable (customer 

repurchase behaviour).  The value or Adjusted R Square is 0.679 or 67.9% percent. This means that the 
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independent variable as a whole contribute 67.9% in affecting the dependent variable while the rest 

(100% - 67.9% = 32.1%) is contributed by other factors that are not included in the model. 

Table 2. Model Summary Result 

Model R R Square 
Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .833a .693 .679 2.37648 

F-test Result 

Table 3: ANOVAa (F-test Result) 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1597.101 6 266.184 47.132 .000b 

Residual 705.960 125 5.648   

Total 2303.061 131    

The value of Sig. is below 0.10 and F is above 1.822 which means there is a significant effect 

between the independent variables as a whole towards the dependent variable. Also means that the 

model is feasible for future research and test. 

Hypothesis Testing using T-test 

In this study alpha of 0.10 and T table of 1.656 will be used. This shows that all the hypotheses 

are accepted  

Table 4. Hypothesis Testing Result 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

B Std. Error Beta 

 (Constant) .118 1.664  .071 .944 

Facility Aesthetics .227 .099 .140 2.299 .023 

Ambience .175 .062 .171 2.839 .005 

Layout .397 .106 .226 3.743 .000 

Table Setting .360 .139 .169 2.589 .011 

Lighting .349 .105 .224 3.322 .001 

Service Staff .425 .119 .216 3.562 .001 

Hypothesis Analysis and Discussion 

The result above shows that 6 hypothesis proposed in the beginning are all accepted. 

H1.1 : Facility Aesthetics has an effect towards customer repurchase behaviour 

H2.1 : Ambience has an effect towards customer repurchase behavior 

H3.1 : Layout has an effect towards customer repurchase behavior 
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H4.1 : Table Setting has an effect towards customer repurchase behavior 

H5.1 : Lighting has an effect towards customer repurchase behavior 

H6.1 : Service staffs has an effect towards customer repurchase behavior 

This shows that the dimension of physical environment has an impact towards customer 

repurchase behaviour. The result is shown through F – Test on table 3 and the correlation between the 

independent and dependent variables are shown in T – Test on table 4. With the result from T – test we 

can conclude that layout shows the highest dimension that affects customer repurchase behaviour as 

much as 22.6% followed by lighting (22.4%), service staff (21.6%), ambience (17.1%), table settings 

(16.9%) and last but not least facility aesthetics (14%). Layout being the dimension that is most 

significant towards customer repurchase behaviour is supported by previous study from Ryu & Jang 

(2008) in which it was found out that layout is the key factor in restaurant (Ryu & Shawn Jang, 2008). 

Layout in a restaurant may affect customer’s excitement levels, quality perception, and their desire to 

re-visit (Wakefield & Blodgett, 1994; Yekanialibeiglou, 2015).  It has the ability to create a private 

space for customers and puts boundary between one customers to the others (Lin, 2004; Wakefield & 

Blodgett, 1994).  

5. Conclusions and Recommendations 

5.1. Conclusions 

This research wishes to find out the effect of each of restaurant physical environment towards customer 

repurchase behavior with a case study of Restaurant X.  This research uses DINESCAPE as the theory 

for physical environment. It includes 6 factors, which are facility aesthetics, ambience, layout, table 

settings, lighting, and service staff.  

This study gathers questionnaires from previous study to be distributed to respondents and a 

total of 132 data are obtained and was used to find the results presented in chapter 4. Multiple linear 

regressions were used to analyze the data gathered. Following the data gathered and presented in 

chapter 4, the following conclusions can be made: 

1. All six hypotheses regarding facility aesthetics, ambience, layout, table settings, lighting, and 

service staff are accepted as they all have a significant effect towards customer repurchase 

behavior. Layout has the highest value in affecting customer repurchase behavior as much as 

22.6% while the lowest was facility aesthetics affecting customer repurchase behavior as much as 

14%. 

2. There is a strong relationship between the factors of physical environment as a whole towards 

customer repurchase behavior. The independent variable as a whole contribute 67.9% in affecting 

customer repurchase 

5.2. Recommendations 
 

5.2.1. Managerial Implications 

Customers are now looking for an “Instagram”-able photo-worthy experience therefore; physical 

environment of a restaurant plays an important part these days. This research would recommend 

implications that could create a new fresh physical environment. This research would like to 

recommend the following things:  

1. The restaurant’s ambiance and decorations can be updated periodically to keep a ‘fresh’ look and 

therefore, giving reasong for customers to re-visit and capture the variety of themes. The themes 

can go beyond the traditional festive seasons; to include themes related to the season (tropical 

summer), pop culture trends (movie-related theme), lifestyle (healthy life theme), etc. 

2. The problem with facility aesthetics is related to the lighting. Some areas of the restaurant where 

painting, pictures or ornaments are displayed are not highlighted hence customers don’t really pay 

attention to them. Different ligting effects, such as spotlight could be used to compliment painting, 

picture or ornaments on wall so that it will be noticeable by customers.  
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3. Monitoring the ambience of the restaurant will be important especially during busy hours to 

maintain the temperature of the restaurant. Based on a previous study by Kotta (2015), the 

recommended neutral temperature is 24°C with a comfort range between 22,5°C - 26°C (Kotta, 

2008). The right selection of music affects customers’ non – visual perception; therefore, 

partnering with a music director is important to select the right background music to achieve the 

desired ambiance and theme. 

5.2.2. Further Study / Future Research 

This research has several limitations that allows for further recommendation for future research. Firstly, 

conducting an interview and interviewing the managers of the restaurant to know first-hand information 

can improve the research. It then can be combined with the quantitative data in order to have a more in 

– depth results. Remaining factors that affect customer repurchase behavior could also be researched. 

Next, the study can also look at another perspective and test the DINESCAPE factors towards a 

different dependent variable such as customer’s loyalty, customer purchase intention etc. Lastly, study 

could be done on a different restaurant and different type of restaurant to find out if DINESCAPE 

factors also affect customers from other types of restaurant or only apply to those of upscale restaurant. 
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Abstract: As violence shown in films steadily increases, notably in those targeted towards the 

teenage audience, this research looks into its effect specifically by observing the change in 

audiences’ hostility. An experiment was done on 125 Indonesian secondary school students to 

observe the effect of exposure to media violence on their feelings of hostility, measured using 

Anderson’s State Hostility Scale (1995, 2012). Students’ hostility scores were measured before 

and after being exposed to an assigned clip; either a violent clip, or an equally exciting but 

non-violent clip as a control group. Results showed that those in the violent condition were 

significantly more hostile after watching than before watching, and those in the violent 

condition were significantly more hostile post-exposure than those in the non-violent condition. 

Out of the four dimensions of hostility, the dimension ‘Lack of positive feelings’ was 

significantly highest in both conditions, and only the dimension ‘Aggravation’ significantly 

differed between the two conditions. These findings indicate that exposure to media violence 

raises teen audiences’ hostility levels significantly, which implies that further precaution should 

be taken when exposing teens to certain film content which has significant immediate effects on 

their moods, while also raising the issue of its potential long-term effects, should this exposure 

be continuous. 

Keywords: Film violence, Experiment, State Hostility Scale, Media Psychology  

1. Introduction 

In recent years, there has been surge in gun violence in films marketed directly at the teen audience, i.e., 

PG-13 films. Bushman (2013) notes that films are more likely to get an R-rating over a scene which 

contains sexually explicit content, than when they include violence. This indicates that teens nowadays 

are exposed to violence in film more than ever, with research showing that gun violence shown in film 

has more than tripled since 1985, and has been more prevalent in PG-13 films than R-rated ones 

(Bushman et al., 2013). That being said, the films that teens have been watching these past few years are 

highly likely to include a violence. 

Film, due to its immersive capacities, is a medium reputed for its potential to enhance the 

response to emotional stimuli (e.g. Gross & Levenson, 1995). In the same vein, films have the power to 

induce different mood states in its audience, based on what is shown on screen. The emotional effect of 

motion pictures is just one of the many short-term effects that this medium has on its audience. Through 

cinematic immersion, audiences are somewhat unknowingly given access to this undeniable emotional 

response which follows through in their moods, during and even after viewing/experiencing the film.  

With these emotional responses, comes changes in the different aspects of one’s mood (i.e., raised or 

lowered levels of positive or negative mood aspects). One that has been heavily associated with viewing 

violence is hostility (Anderson, Carnagey, & Eubanks, 2003). Hostility is characterized as 

unfriendliness or showing animosity, which can be reflected through a person’s behavior, attitude, or 

thoughts. This research shall focus on the subtly aggressive feelings within a person, i.e. their feelings 

of hostility.  

Changes in feelings of hostility as a result of viewing violent media has been observed in 

communications papers (e.g. Anderson, 1997; Bushman & Huesmann , 2006) under the broad ongoing 

debate of whether ‘violent media increase aggression’. Years of discussion and research on the issue of 
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whether or not exposure to media violence cause increases in aggressive behavior have resulted in an 

array of support for the notion that violent media does increase aggression (Anderson, 1997). In the 

current research, further confirmation shall be garnered as to whether this is true, within the vein of 

emotional responses as a result of exposure to violent media. 

It should be noted that one’s general innate hostility as a person can be attributed to their ‘trait 

hostility’, which should not be confused with their current level of hostility in the moment, which is 

their ‘state hostility’ (Anderson, 1997). State hostility is what is usually observed in instances of 

studying media violence effects, including the current study. Post-exposure state hostility shows 

concrete direct effects of said exposure. This has been a mode of research in plenty of studies worldwide 

(e.g.  Brincat, 2015; Kronenberger, et al., 2005; Gentilea et al., 2004; Bushman, 1995; Osborn & 

Endsley, 1971). However, empirical evidence on the effect of media or film violence in Indonesian 

teens or young teenagers is scarce. The following paper presents an experiment-style research testing 

the immediate effect of viewing media violence, on the moods of early teens, specifically their current 

hostility levels (state hostility). Furthermore, the existing studies on these topics have discussed 

hostility as a whole, without breaking it down into its individual dimensions and comparing these 

dimensions for a more extensive and detailed analysis of the hostility measured. This research gap is 

one that shall be tackled with the current study, which aims to answer the research questions (RQ) 

below. 

1.1. Research Questions & Hypotheses 

RQ1:   Is there a difference in early teens’ state hostility before and after being exposed to 

media violence?  

Hypothesis:  Early teens’ state hostility after being exposed to media violence is higher than their 

state hostility before being exposed to media violence.  

RQ1a:   How is each dimension of early teens’ state hostility affected post exposure to violent 

media compared to non-violent media?  

Hypothesis:  The ‘Aggravation’ dimension of post-exposure state hostility of early teens exposed to 

violent media is higher than that of early teens exposed to non-violent media. 

RQ2:   Does the change in state hostility of those exposed to violent media differ from that of 

those exposed to non-violent media? 

Hypothesis:  The change in state hostility of early teens exposed to violent media is higher than that 

of early teens exposed to non-violent media.  

2. Literature Review 

Violence in the media prevails in mainly two forms: non-fictitious media violence, as in the news (e.g. 

news reports about violent crimes in the neighborhood) and fictitious media violence, as in video games 

or other entertainment media. Generally, anything done in an injurious or physically damaging way 

may be described as violence, when it is done by one person towards another. Examples of violent acts 

include stabbing a person with a knife, shooting someone with a gun, or even without weapons violence 

can be carried out in forms of martial arts or combat.  

This has inevitably been depicted fictitiously in various media forms, one of them being films 

or motion pictures. There are various ways through which violence is depicted in film; it ranges from 

the highly stylized and glamorized, to the repulsively bloody and gory. All in all, any scene portraying 

violence in any film is bound to elicit a distinct response from its audience; they may cringe, cover their 

eyes, or even feel nauseous, among other physical responses. This is in line with the notion that film is a 

media form by which emotional effects are achieved (Wirth & Schramm, 2005).  

Research on the effects of violence as depicted in mass media have examined the effects of 

violence in video games, comic books, and even violent song lyrics. Most studies place emphasis on the 

relation between violent media and aggressive behavior, desensitization to violence, or level of 

real-world violence, and they support the correlation between themes of violence in the media and 

audience aggression (Anderson et al., 2003). Much of this research has been guided by or based on 

Bandura’s social learning theory, which suggests that one way in which human beings learn is through 
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copying, specifically observing and imitating (‘modeling’) the behavior that they see (Bandura, 1971). 

With specific regard to media violence, the social learning theory suggests that children may learn 

aggression from viewing others. Therefore, the popular conclusion is that violence-viewing results in 

higher aggression, whether that be behavioral or attitudinal, in the audience. 

However, there have also been some studies with results that show otherwise. A study on media 

violence titled “Media Violence and its Audience” (1997) by Anu Mustonen of the University of 

Jyväskylä discussed, among others, the variation in media violence, and the basis of choosing violent 

media content in individuals. Interestingly, unlike most previous studies that tested groups of young 

people, this study showed that violence-viewing was not a strong predictor of later aggression in 

adulthood. Notably, a connection was identified between violence-viewing and anxiety instead. 

Mustonen (1997) notes that a factor that likely contributes to the attitudinal effects of media violence is 

‘attractive’ violence, i.e. glamorized or stylized violence shown in films. 

2.1.  Lasting Impact of Narrative and Visuals on Audiences’ Memories 

Images or visuals are processed by the human brain 60,000 times faster than text (3M Visual Systems 

Division, 1997). which explains the frequent use of images in ads or the use of infographics in 

marketing, and the like. This is the reason that people are more likely to remember content presented in 

visual media. In this sense, movies are a medium that audiences will easily still remember after viewing, 

more than other text-heavy media such as articles.  Along with this, another ‘more effective’ tool which 

is more memorable to audiences is the use of storytelling, or narratives. Narratives offer increased 

comprehension, interest, and engagement (Dahlstrom, 2014). When content is presented through 

storytelling, audiences are able to not only understand but also remember it better than when not 

presented as a story. For example, in educational videos, examples are often presented in the form of a 

short story, which helps the viewer better understand and remember the content.  

Coupled with the fact that visuals are more powerful than words, this emphasizes how 

memorable movies are, as a medium, to the human brain. This may explain how exposure to film 

violence can have such an immediate and strong effect on viewers, or elicit certain emotional responses. 

In ‘film violence’, the violence is shown as part of a story or narrative, which follows a particular 

structure that describes the cause-and-effect relationships between events that take place over a 

particular time period that impact particular characters (Dahlstrom, 2014). 

3. Methodology 

3.1. Experiment Design 

 Method: Experiment (Quantitative)  

 Measurement tool: Custom Questionnaire featuring the State Hostility Scale (SHS) -- 35 items, 

each a short sentence describing feelings – either hostile (e.g. “I feel like yelling at somebody”, “I 

feel furious”), or friendly (e.g. “I feel cooperative”, “I feel agreeable”). Each item is to be rated on 

a 5-point Likert scale (1 as ‘I strongly agree’ to 5 as ‘I strongly agree’). The friendly items are 

reversed-scored. All 35 items are categorized into 4 dimensions, D1 = Feeling Unsociable, D2 = 

Feeling Mean, D3 = Lack of Positive Feelings, and D4 = Aggravation (Anderson & Carnagey, 

2009). 

 Number of participants: 125 (68 in Main Sample, 57 in Control Group)  
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Table 1: Questionnaire Design 

Questionnaire Section Items/Description 

Demographics Age, Gender 

Categorization Class (indicating whether they are part of the Main Sample or 

Control Group) 

Pre-Exposure State Hostility 35 items of the SHS, to assess respondents’ general state 

hostility prior to being exposed to their assigned clip. 

Exposure Sample is shown either ‘violent’ or ‘non-violent’ clip. 

Previous Viewing Indicating whether or not they have seen the clip before this. 

Post-Exposure State Hostility 35 items of the SHS, to measure respondents’ state hostility 

after watching the clip. 

For the ‘Exposure’ section, each group’s exposure to violent media content was adjusted by 

determining which short film clip they were shown: either the ‘violent’ clip (compilation of scenes from 

The Karate Kid III (1989), duration: 16 minutes and 47 seconds) or the ‘non-violent’ clip (compilation 

of scenes from Gorillas in the Mist (1988), duration: 16 minutes and 47 seconds) -- chosen since they 

were rated as statistically equally exciting but differentially violent (Bushman, 1995). 

3.2. Procedure 

Participants were seated in their respective classrooms as per any usual school day. From their 

individual gadgets, they were asked to open the Google Forms link which led them to the custom 

questionnaire prepared for them. The students filled in the first section of the questionnaire, which 

measured their Pre-Exposure State Hostility. Next, teachers in all classrooms simultaneously showed 

their previously-determined clip (either “Violent” clip for the Main Sample, or “Non-violent” clip for 

the Control Group). After watching the clip, participants proceeded to complete the questionnaire 

(filling the SHS for a second time, for their Post-Exposure State Hostility), before being debriefed. All 

questionnaires were answered electronically via personal tablets, mobile phones, or laptops.  

4. Result 

In regards to RQ1, a paired-samples t-test was conducted to compare State Hostility in Pre-Exposure 

and Post-Exposure conditions. There was a significant difference in the scores for Pre-Exposure (M = 

2.4021, SD = .73612) and Post-Exposure (M = 2.6588, SD = .72665) conditions; t(67)=-3.180, p = .002. 

These results suggest that teens’ level of hostility increases after they have been exposed to media 

violence. H1: µafter > µbefore is accepted. 

For RQ1a, a one-way ANOVA was conducted to compare the four dimensions of 

Post-Exposure Hostility (Feeling Unsociable, Feeling Mean, Lack of Positive Feelings and Aggravation) 

in the exposure to violent media (Main Sample) and exposure to non-violent media (Control Group) 

conditions. There was a significant difference between groups only in the ‘Aggravation’ dimension at 

the p<.05 level [F(1,123) = 6.526, p = 0.012], while the other three dimensions had no significant 

difference between groups. Therefore, H1: µAggravationMS > µAggravationCG is accepted. 

As for RQ2, ‘Change in state hostility’ for both groups had to first be calculated. For this, the 

overall mean post-exposure state hostility was subtracted by the overall mean pre-exposure state 

hostility, for both the Main Sample and Control Group. In formula form, ‘Change in state hostility’ can 

be stated as: µChange = MEAN(MeanPost – MeanPre), where ‘MeanPost’ is the mean of the responses 

of all post-exposure state hostility items for each respondent, and ‘MeanPre’ is the mean of the 

responses of all pre-exposure state hostility items for each respondent. Then, the mean of the result of 

this subtraction is calculated; representing the change of state hostility for all respondents. The µChange 

values were then compared for hypothesis testing of RQ2 (µChange of Main Sample vs. µChange of 

Control Group), in an independent-samples t-test. 

An independent-samples t-test was conducted to compare the change in state hostility in the 

violent (Main Sample) and non-violent (Control Group) conditions. There was a significant difference 

in the scores for the violent (M=.2333, SD=.66600) and non-violent (M=-.2257, SD=.67314) 
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conditions; t(123)=3.819, p = .000. The hypothesis “The change in state hostility of those exposed to 

violent media is higher than that of those exposed to non-violent media” (H1: µviolent > µnon-violent) is 

accepted. 

5. Discussion 

5.1. Hostility Before and After Exposure 

With the results of Research Question 1, we can conclude that there was a significant change in the 

teens’ hostility levels as a result of being exposed to violent media content. After watching the 

17-minute compilation clip of excerpts from the 1989 film The Karate Kid Part III, the participants 

showed a significantly higher level of hostility than they did before watching. This confirms that the 

exposure to the clip did in fact not only change their hostility levels, but caused them to rise. This is in 

accordance to the Priming Theory, which explains that audiences, when exposed to certain media 

content, will have their thoughts and feelings ‘primed’ to be in line with that content -- in this case, the 

media content shown to the participants proved to have ‘primed’ their thoughts and feelings, in this case 

aggressive feelings in the form of hostility.  

This could be caused by the fact that the stimulus material used for each group was a video 

taken from a film, which incorporates narratives and visuals. As discussed in Section 2, these two 

content-delivering tools are on their own already very easily processed by the human brain – narratives 

are understood and therefore remembered better than plain facts, while visuals are taken in or processed 

much faster than text. When combined, such as in a film, the content being delivered is therefore not 

only received by the brain very quickly, and also easily retained or remembered after the exposure, 

creating a long-lasting impact on the audience’s memory. This explains how after being exposed to the 

‘violent’ clip such as in this experiment, the subjects still remembered the violent content – the mental 

images were retained in their minds – and thus score higher in their Post-Exposure State Hostility than 

Pre-Exposure.  

The before-and-after comparison showed how with just a relatively short exposure period of 16 

minutes and 46 seconds, violent media content can already affect early teens in their mood or feelings. 

This supports the notion of having to curate and monitor the level of violence which teens are exposed 

to, in order to avoid them being affected negatively by this exposure. Especially for this case, since the 

subjects were early teens, they seem to be quite susceptible to the effects of exposure to media violence, 

since they are very much still in their developmental years. The popular and expected result of 

‘exposure to media violence raises aggression in audiences’ (i.e. teens) is proven with this experiment 

and analysis. 

5.2. The Four Dimensions of Post-Exposure Hostility 

In the study by Anderson & Carnagey (2009) regarding the effect of video game violence, which was 

the study that originated the breaking down of ‘state hostility’ into its four dimensions as previously 

stated, it was found that the “Aggravation” dimension resulted as most relevant to media 

violence-inspired affect, that is to say, it was the ‘most affected’ dimension when subjects were exposed 

to video game violence. 

With the results from this study, it was proven that the dimension “Aggravation” indeed was 

also the most affected dimension, indicated by the Post-Exposure Hostility scores which significantly 

differed between the Main Sample and Control Group. Overall, the Post-Exposure Hostility of the Main 

Sample was higher than that of the Control Group – however, when broken down into its bare four 

dimensions, only this dimension, “Aggravation”, had significant difference among the two groups. This 

implies that this dimension was the most affected one by film violence, drawing a similarity to the effect 

of video game violence on hostility. The dimension “Aggravation” therefore can be concluded as the 

most affected dimension of hostility, when it comes to being exposed to these two media forms. 

This significant difference between the two groups in the “Aggravation” dimension means that 

the items in this dimension were more polarizing to the two groups than the items in other dimensions; 

the two clips garnered distinctly opposing scores on these items when in the violent vs. non-violent 

condition. Looking into the seven items of this dimension (‘aggravated’, ‘irritable’, ‘stormy’, 
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‘discontented’, ‘vexed’, ‘frustrated’, ‘furious’), they seem to be “stronger” words that have highly 

negative connotations than the items in other dimensions (e.g. the “weaker” items such as ‘unsociable’ 

from the dimension “Feeling Unsociable”, or ‘bitter’ from the dimension “Feeling Mean”). However, 

this is just generally speaking and perceptions of the “strength” of these words may vary.  

Continued analysis of all these dimensions showed that in both groups, the dimension “Lack of 

positive feelings” showed to be the highest. This dimension was the only one with reverse-scored items, 

that is, all other items had negative connotations (furious, mean, irritated, etc.) while the 11 items in this 

particular dimension had positive connotations (kindly, sympathetic, friendly, etc.) which were possibly 

quite stark in comparison to all the other items for the participants. The teens tended to associate these 

positive words with ‘average’ ratings in the 1-to-5 scale, around 2 to 3, as opposed to the much lower 

rating which were given to the other negative words. For example, a rating of “2” was, for all items in 

this dimension, reverse-scored into “4”, which is of course higher than the other scores of “1” or “2” 

given to the items in other dimensions (the negative words). The teens were reluctant to give “4” or “5” 

ratings in the items which had words with negative connotations, probably due to them not feeling like 

they really “strongly” felt those negative feelings described in those items. They were more comfortable 

giving an average, and therefore higher, rating to the items describing positive feelings. This could be a 

reason as to why this dimension scored highest in both groups, in their Post-Exposure Hostility. 

However, that being said, the items in this dimension and their reverse-scoring are still 

necessary to the completion of this scale -- without these friendly, reverse-scored items, the whole 

questionnaire would only include straightforward, negative words, which would skew the participants’ 

perception of the questionnaire when they fill it in. The State Hostility Scale is labeled ‘Current Mood’ 

(in order for the respondent to not realize that it is their hostility that is being measured, which may lead 

to them giving a biased response), therefore should include a mix of positive and negative words. 

Should the items in this dimension be changed into regular-scored (i.e. not reverse-scored) ones, it 

would result in a questionnaire with just all negative words, and balance would be lost. All that to say, it 

is best to still keep these items as they are, unlike other questionnaires which have reverse-scored items 

that can easily be turned into regular-scored items (for example, other scales or instruments could 

possibly be improved by changing the wording of certain reverse-scored items into regular-scored items. 

This does not apply in the current case, with the State Hostility Scale). 

5.3. Change in Hostility in the Violent and Non-violent Condition 

The pre-exposure hostility of the teens in both groups were specifically measured in order for the 

researcher to be able to find and show the difference or change in hostility in the audiences, in both 

conditions. The change in hostility of the Main Sample significantly was higher than that of the Control 

Group, proving that this change in hostility was indeed caused by the violent content in the clip. This 

indicates that violent media content affects audiences negatively (raises their hostility levels), more than 

non-violent media content does. The two clips were previously rated to be equally exciting but 

differentially violent, therefore confirming that the only distinguishing factor in the two clips was the 

level of violence in them.It should be noted that the original or Pre-Exposure State Hostility in the two 

groups were statistically equal (an independent samples t-test was run for Pre-Exposure State Hostility 

of Main Sample vs. Pre-Exposure State Hostility of Control Group, which resulted in no significant 

difference in the scores for the Main Sample (M=2.3996, SD=.67536) and Control Group (M=2.5649, 

SD=.63512); t(123)=-1.401, p = .164), which is to say that both groups had an equal base line of state 

hostility before being exposed to any stimulus material. This ensured that the change in hostility 

measured was indeed compared fairly.  

The results show that the effect of media violence is indeed apparent, as it has been compared to 

that of non-violent media. This is also again in line with the Priming Theory, showing that when the 

audience is only exposed to non-violent media, their hostility levels do not rise as much as when 

audiences are exclusively exposed to violent media. This shows how the audiences’ minds and feelings 

have been primed by the media content which they have just watched. 

5.4. Real-Life Implications 

In light of these results, given that such researches are quite rare in Indonesia, some concerns can be 

raised regarding the curation of teens’ – or even children’s – intake of media such as television 

programmes or films. Seeing the big picture, the fact teens are being exposed to such violent content 
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and at this magnitude, might be seen as the root cause; is the MPAA rating system at fault here, for not 

being strict enough with their PG-13 ratings, and therefore allowing early teens to be exposed to this 

significantly-impactful violent content in movies? Focusing more on the Indonesian audience, what 

about the age restriction policies in mainstream cinemas in Indonesia? Currently, there are no specific 

tight restrictions regarding viewing age in cinemas. Customers are not limited to certain ages when 

purchasing movie tickets in the film theatres in Indonesia, prompting any age group to be able to 

purchase tickets to and watch any film that they like. This research’s results - and subsequent questions 

raised – implies the possibility of the need to perhaps regulate “viewing age” policies in Indonesian 

cinemas, to minimize increasing aggression (especially hostility) in their youth. This is of course one 

small step to prevent or reduce the effects of film violence exposure, in the big picture of this ongoing 

issue. 
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Abstract: This research proposed a model to assist the design of the associated data architecture 

and data analytic to support talent forecast in the current accelerating changes in economy, 

industry and business change due to the accelerating pace of technological change.  The 

emerging and re-emerging economy model were available, such as Industrial revolution 4.0, 

platform economy, sharing economy and token economy. Those were driven by new business 

model and technology innovation. An increase capability of technology to automate more jobs 

will cause a shift in talent pool and workforce.  New business model emerge as the availability 

and the cost effective emerging technology, and as a result of emerging or re-emerging 

economic models. Both, new business model and technology innovation, create new jobs and 

works that have not been existed decades ago. The future workers will be faced by jobs that may 

not exist today. A dynamics model of inter-correlation of economy, industry, business model 

and talent forecast were proposed.  A collection of literature review were conducted to initially 

validate the model. 

Keywords: Digital Economy, Data Architecture, Data Analytic, Business Model, Talent 

Forecast 

1. Introduction 

Technology disruption cause the changes in the level of economy, industry and business models. These, 

in turn, will make some jobs obsolete. At the same time there will be new jobs created that have not 

been existed today. 

1.1. Changes in the economy 

World economic forum shows the eight global transformations that cause by industrial revolution 4.0, 

WEF World Economic Forum (2018). Those global transformations as the result are:  

 Disruption to Jobs and Skills 

 Innovation and Productivity 

 Business Disruption 

 Inequality 

 Fusing Technologies 

 Agile Governance 

 Ethics and Identity 

 Security and Conflict 

Disruption to jobs and skills are inevitable as business models are disrupted, therefore, the 

employment landscape will change. New significant job creation with expected increase productivity- 

and job displacement. There are an increasingly widening gaps between the skills that employers need 

and those that potential employees can offer. During previous industrial revolutions, it required decades 

to adapt and to develop new skill sets on a large scale.  However, we cannot afford to be that slow as the 

faster change and broader scale of disruption, therefore, a faster response needed. 

Innovation and productivity will be accelerating as well. Technology innovation will make 

further automation possible. This will increase business productivity with the expectation that the 
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worker keep pace with the expected changes. New business models emerged as the result of new 

available technology, this may create a new kind of jobs and skills needed to support the newly 

formation of business model. In short, digital innovation and new business models are driving 

transformation, including of new jobs and new trade, OECD (2017). 

Business disruption had impacted to US economy, according to McKinsey Global Institute 

(2016), as shown in figure 1. On the emerging fourth industrial revolution majority of business owners 

are eager to embrace Industry 4.0 as a way to stay competitive in the market, based on the survey of 

Survey in 6 countries: US, UK, Germany, Japan, South Korea and China, Kagemmann et. All (2016). 

 

Figure 1. Size of the Digital Economy. (McKinsey Global Institute Analysis, 2017) 

   

Figure 2. The fundamental significant of Industrie 4.0 to business. 

Source: “industrie 4.0 in global context”, acatech study, 2016. 

Inequality will not only impact on workforce but in business as well, Kagermann et. Al. (2017). 

ICT usage keeps growing but remains unequally distributed across countries and among firms and 

individuals as shown in figure 3. 

In other part, workers, the World Economic Forum’s Global Risks Report 2016 showed strong 

interconnections between rising income disparity, unemployment or underemployment and profound 

social instability.  

Fusing technologies are happening across industries. In the future, autonomous vehicles are 

both IT industry as well as automotive where in today, those are still a distinct industries. In the past, a 

smart-phone industry has already decimated Walkman, digital camera, calculators and many other 

products. While the market for those are still exist, however, this market is significantly smaller than 

their previous peak.  

Agile government has been a response to the ever changing new technologies which has to be 

fast, but accurate as well. The accuracy of policy needed to avoid bottleneck in put into practice a new 

business models and opportunities. An example from OECD, in figure 4, Australia is considered better 

in comparison to their peers in the policy that facilitating digital transformation. 
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Figure 3.  Product market regulation database, www.oecd.org/economy/pmr and OECD, 

Services Trade Restrictiveness Index Regulatory Database, 

www.oecd.org/tad/services-trade/services-trade-restrictiveness-index.htm (accessed 

March2017). 

Ethics and identity are another challenges in the current global transformation. As there are 

increasingly deep relationship between human an technology, there are other social factors that we need 

to care about, one of the issue is on social skills. A 2010 study by the University of Michigan Institute 

for Social Research identified a nearly 40% decline in empathy among college students compared with 

counterparts 20 or 30 years earlier. 

Security and conflicts are another both positive and negative aspects. The rise of technology 

make the possibility to accelerating conflicts faster, example of Arab Spring that fueled by social media. 

However, this is an opportunities as well where new kind of information, ICT and cybersecurity jobs 

emerging. 

1.2. Changes in the Industry 

The size of certain industry shrinking,  growing or merging as a result of new business model and 

technology innovation. Even there has been need kind industry emerging, for example, in the context of 

Go-Jek, is it a IT, logistics, transportation or services? This shrink taxi industry already, an an emerging 

on-demand the same day courier, for example. The emerging autonomous vehicle, for example, this 

will blur the boundary of IT and automotive industries. 

As an example of manufacturing, manufacturing will not only concern about mass production 

only, but as technology provides new ways of doing manufacturing, a combination of scale, product 

variety, and unit costs are possiblem, UNCTAD(2017), as shown in figure 5. There has been a new 

business model and talent needs to support those new business capabilities. 

 

Figure 4. A shifting trade-off with advanced manufacturing in scale, variety and unit costs. T. 

Surgeon for UNCTAD. 
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1.3. Changes in business model 

New business models grows in speed and numbers, Accenture (2016). The ability of a company to reach 

1 billion USD valuation are faster than the previous business can achieved as shown in figure 6. If 

previous business growth into 1 billion valuation, current unicorns are in average within 4.4 years. And 

there are increasingly more crowded business models as shown in figure 7. 

 

Figure 5. Time to 1 billion USD valuation (Accenture) 

 

Figure 6. Timeline of the emerging business models. (Digital Enterprise: World Economic 

Forum White Paper Digital Transformation of Industries. World Economic Forum. 2016) 

2. Proposed data analytic model for talent forecast on digital economy  

2.1. Proposed Model 

Based on section 1, the proposed model for the relationships for the changes in economy, industry and 

business model in figure 8. 
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Figure 7. Proposed model. 
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2.2. Model relationships 

The following table summarized some evident of the relationships those components in the model. 

Table 1: Model Relationships. 

Model 

Relationship 
Notes References 

New Market 

interaction and 

Experience 

This paper explores the new technology such as blockchain and IoT that 

may give a new drive to sharing economy, even the established Uber 

and AirBnB may be disrupted with this growing development of these 

technologies. 

Huckle et. Al. 

Token economy was coined to shows the full potential of the technology 

in entirely diferrent economic model. 
Swan, M., 2015. 

New Product and 

Services 

Blockchain may be regarded as revolutianary as internet, 20 years ago. 

This technology enables new business models that required distributed, 

decentralized and less denpendency of the central intemediary or 

authority. 

Tapscott et. Al. 2016 

New Automation 
New technology will give new set of use cases that can automate certain 

business capabilities.  

https://www.ibm.com

/blockchain/use-cases

/ 

https://lists.hyperledg

er.org/g/meetups/.../2

2/0/HyperledgerRock

away01March18 

New 

Collaboration and 

Competition 

Self driving cars change the automative industry in the future. The 

concentp of car ownership would be different. IT and automotive 

companies are collaborating and competing for the next wave of 

industry like google, baidu and others will be the competitors of the 

current manufacturers like Toyota, Ford and others.  Lynx and Uber 

collaboration with automaker that define new ownership scheme of the 

cars. 

Gao et. Al. 2014 

New Business 

Capability 

Business model consists of two main parts: Business Capability and 

Value Proposition. Blockchain use cases with the appropriate value 

proposition may change the supply chain industry. 

Korpela et. al 2017 

New Economic 

Activities 

Estonia, as a digital citizenship, had a major problem in 2017 for its 

security issues. This triggered an adoptation blockchain for e-residency 

that enable ease of business in estonia and new business flousrished. 

Sullivan et. al 2017 

New Industry 

Uber, AirBnB gave a challeneges to the government and the current 

conventional industry. Those platform economy business model gave a 

close down of many conventional taxi industry and pose a challenges to 

the established hospitality industry. 

Biber et. Al. , 2017 

New Skills 

New skills were needed to support new business model. Those will 

disrupt the current model of employment relationships as shown in mos 

GIG economy like Go-Jek, Grab, AirBnB and alike. 

Drahokoupi et. Al 

2016 

https://www.ibm.com/blockchain/use-cases/
https://www.ibm.com/blockchain/use-cases/
https://www.ibm.com/blockchain/use-cases/
https://www.ibm.com/blockchain/use-cases/
https://www.ibm.com/blockchain/use-cases/
https://www.ibm.com/blockchain/use-cases/
https://www.ibm.com/blockchain/use-cases/


Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

259 

 

Market Changes 

New economic activities, like Uber, Go-Car, Grab Car and alike, 

changed the competitive landscapes of cities. New customer behaviours 

emerges and those make the conventional taxi industry are not a 

favourble as used to be. 

Wallsten, S., 2015. 

Industry 

Constraints 

The platform business model of Uber and alike make the area coverage 

wider and closer to the customers in needed. The same taxi fleet will 

take longer pick-up routes to pick-up a passengers, this became a 

constraints in the competition of the faster pick up and operation cost of 

Uber and alike. 

Cramer et. Al. 2016. 

Talent Demand 

Recent PwC 2018 study show that there will be 200 million jobs 

displaced and new 293 million jobs created in china due to the 

advancement of AI, Robotic, Automation, IoT, Blockchain and related 

technologies. 

PwC, September 

2018. 

Talent Supply 

Forecasting the talent demand and supply has been a challenges. The 

jobs that replaced by automation may need a set of new skills where the 

upskilling the pool of talent still a slow process. 

Cappelli, P., 2008. 

3. Summary 

A dynamics model of inter-correlation of economy, industry, business model and talent forecast were 

proposed. The components and its relationships were presented to show the initial system dynamics that 

can be used further in the talent forecast data analytic. 
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Abstract: This study aims to explore the financial management practices of 

small-and-medium-enterprises (SMEs) in the Greater Jakarta (Jabodetabek). We investigate 

into 3 SME cases by conducting the semi-structured interviews with the owner-managers and 

using direct observations to know the practices of financial management of SMEs. Through the 

research, we have found six propositions related to the practice of short-term financial 

management. They apply bootstraps to ensure availability of working capital. They set aside 

cash reserves from retained earnings and minimize loans from financial institutions. They have 

the computerized system to track receivables facilitating working capital needs. They keep their 

inventory control efficient to manage working capital. They screen customers using 

transactional records and reputations to minimize the risk of bad debts. 

Keywords: working capital management, small-and-medium-enterprises, bootstrapping 

1. Introduction 

This study aims to investigate how SMEs in Greater Jakarta, especially the retail and the restaurant 

businesses, manage their finances to estabish their longevity. Referring to the Government of Indonesia 

program for the Short, Medium and Long Term where Small and Medium Enterprises are abbreviated 

as SMEs become one of the backbones for sustaining the macroeconomy for the nation and state. Such 

things also happen in other countries in this part of the world, both those who are referred to as 

developed and developing countries. Economists also agree with this, as Yoshino and Wignaraja (2015) 

say that the contribution of SMEs to Indonesia's GDP is 57.8% and accommodates around 92.2% of the 

workforce. However, the rate of failures for entrepreneurs is very high. According to Bloomberg 

(Forbes.com, Sep 22, 2013), eight new businesses out of ten experienced failure within 18 months of the 

start of the new business. This phenomenon not only resulted in the problem of increasing 

unemployment of workers but also resulted in inefficiencies in the limited use of materials in the 

economic field. 

Of the many studies that have been conducted, Hall and Young (1991) reported that 86.6% of 

the 247 reasons for which a company was liquidated were related to a failure in corporate financial 

management. It must be admitted that SMEs experience these problems more easily because they are 

more vulnerable to being affected by seasonal sales cycle fluctuations and the risk of losing their main 

clients/customers (Colot and Michel, 1996) than large companies tend to operate in relatively good 

environments. However, Hendrik et al., (2015) argued that not only their environment was lacking but 

also a lack of skills in financial management. Cassar and Holmes (2013) indicate that the difference 

between SMEs and large companies is the ability to make financial decisions, due to the lack of 

management skills and limited knowledge, thus resulting in the cause of financial failure rather than the 

lack of operations or skills of human resources. Mazzarol et al., (2015) show that the financial 

management problems faced by SMEs are more significant and more severe than large companies.  

Although financial management is an essential element in overall business management, many 

SME entrepreneurs do not actively participate in financial management. Besides being busy because 

they are involved in other managerial functions, this happens mainly because they do not have sufficient 
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knowledge in recording transactions, preparing and analyzing financial statements (Irena, 2013; 

Uwonda et al., 2013). Many SMEs also do not have accounting and financial systems available like 

those of large companies, as well as professional staff capable of managing the system. Usually, the 

owner-manager is required to carry out financial management functions, often but not always, with the 

support of bookkeepers and accountants. Most of them tend to participate in financial management 

informally or ad hoc as many other countries do regarding developing and using formal accounting 

systems, credit management, and cash flow monitoring (Orobia et al., 2013; Mungal and Garbharran, 

2014), indicating the pattern found throughout the world, both in developed and developing countries 

(Abanis et al., 2013; Amoako, 2013; Uwonda., Et al, 2013). 

Therefore, much research is done to find out specific aspects of financial management practices 

from various countries and specific industries. The arguments presented by Peel and Wilson (1996), 

García-Teruel and Martínez-Solano (2007), Thalassinos and Curtis (2005), and Enqvist et al. (2014) 

state that they focus on the practice of working capital management. Ebben and Johnson (2011) and 

García-Teruel and Martínez-Solano (2010) focus on more specific aspects of managing cash conversion 

cycle and trade credit at SMEs. Also, Cowling & Westhead (1996) and Hamilton and Fox (1998), 

Michaelas and Chittenden (1999), and Newman et al., (2012) focus on funding for SMEs.  

Based on the financial management practices they found, they proposed methods or proposals 

to improve financial management practices in contexts that fit the needs of the field. This is exemplified 

by Irena (2013) proposing specific stages for cycle conversion cycle and the linkages of working capital 

management in financial statements, then sound principles for financial management for SMEs. 

However, it is still difficult to find financial management practices for Indonesian SMEs. Therefore, it 

is necessary to 1) find financial management practices for SMEs, 2) it is known that SME entrepreneurs 

manage their company finances in a specific way, and 3) proposals to improve financial management 

practices for SMEs. 

There are two reasons for the importance of conducting this research. First, the limited research 

identifies the financial management practices of SME entrepreneurs in Indonesia. Second, the theory 

aims to improve financial management practices under the Indonesian SME context. The proposal will 

be used to develop modules that will be used to improve financial management practices for 

owner-managers or SMEs.  

Most studies on SMEs or owner-managers are carried out in Europe and parts of Africa 

(Abdulsaleh and Worthington, 2013; Jindrichovska, 2013). The results of previous studies indicate that 

financial management practices are influenced by conditions in each country, thus denoting that 

financial management practices need to be known in the Asian context, especially in Indonesia. 

2. Working Capital Management in SMEs 

The two issues that are most considered by financial management in SMEs are the cash flow cycle and 

working capital management (Mazzarol et al. 2015). Then many studies pay attention to the working 

capital management system in a whole or specific aspect of working capital management. Jindrichovska 

(2013) examined working capital and liquidity management including discussions of the company's 

cash conversion cycle. With Uganda SME data, Orobia et al. (2013) found that the majority of 

owner-managers used only informal planning methods with forecasting cash flows, and signed verbal 

contracts with their known customers. Most informal financial records and much-stored information are 

in their memory. 

According to Zong (2014), the survival of a company is strongly influenced by the company's 

cash flow based on case studies. Whereas there is also a focus on assessing the impact of the cycle of 

cash conversion and working capital management on corporate profitability (Yazdanfar and Ohman, 

2014; Enqvist, Graham, and Nikkinen, 2014; Tauringana and Afrifa, 2013).  Besides, there are also 

studies that focus on one account item in working capital management. Kuickova and Soucek (2013) 

focus on debtor management systems. They found that most of the SMEs in Czech have quite a good 

debtor management system, but the system is still not maximal.  

Small companies find it challenging to take bank loans for some reasons such as limited 

collateral, difficulties in proving creditworthiness, low cash flow, high-risk premiums, limited 

relationships with banks and high transaction costs (IFC, 2009). Many SME owners regard debt 
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financing as an "excessive" risk because of bank requirements for collateral; therefore they tend to 

avoid using debt (Hankinson, 2000). They feel that access to banks is not easy because they are served 

poorly by services and the bank's administration process is too complicated (Hankinson et al., 1997; 

Nakamura, 1999). In developing countries, SMEs choose to use informal funding sources rather than 

external funds such as bank loans (Beck et al., 2008). 

3. Research Benefits 

Therefore, it was found that the importance of financial management in the survival of SMEs and lack 

of knowledge from SME managers made both government and private sector provide counseling 

functions for them. The effectiveness of counseling services for them is also carried out. Solomon et al. 

(2013) found that a positive correlation between the number of hours of counseling that the 

owner-manager received and the probability of business survival and financial performance of the 

company. In addition, Bayrakdaroğlu and San (2014) found financial literacy training in SME-owner 

managers would improve financial decision-making skills. Financial literacy skills can also help 

prevent SME managers from conducting business practices that result in financial losses. The 

importance of financial knowledge for SME managers can improve SME financial performance. In 

other words, the level of financial literacy of SME owner-managers can provide efficiency in improving 

the economy and growth of the company. 

4. Methodology 

This study took a duration of approximately 12 months with the intention to delve into the culture and 

operations of the three case studies. Identification to the understanding and practices of financial 

management was carried out using interpretive approach.  Access to the owner-managers is critical, but 

more importantly is their willingness to share openly about the firms’ financial flow, as it is a sensitive 

issue that requires trust between the respondent and the interviewer. Thus by means of purposive 

sampling, this study proceeded with semi-structured interviews with 3 SME owner-managers in the 

Greater Jakarta area (Table 1): ANG, MTPLN, and YBA.  Furthermore, direct observation in ANG and 

indirect observations in MTPLN and YBA had also been conducted to take note of their management 

habits, particularly when involving payments.   

  Inductive results through exploring the case studies will be used to build a theory (Glaser & 

Strauss, 1967; Miles, Huberman, & Saldana, 2013), in addition to investigating the habits of 

owner-managers who are actively involved in managing to maintain business.  Case study research is 

"an empirical inquiry that investigates contemporary phenomena in depth and real-life contexts, 

especially when the boundaries between phenomena and context are not clearly proven" (Yin, 2009, p. 

18). It answers the question of how, who and why contemporary phenomena, and researchers have little 

control over events (Farquhar, 2012, p. 17). 
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Table 1: Case Profile 

 

CASE 

 

 

TYPE of BUSINESS 

 

OWNER-MANAGER 

 

ANG 

 

 

Tires Retail, Family Business 

 

Male, Age 30-35 

 

MTPLN 

 

 

Tires Retail, Family Business 

 

Female, Age 35-40 

 

YBA 

 

 

Restaurant, Partnership 

 

Male, 25-30 

Thus the new implications can incite researchers to provide advice to improve the sustainability 

of SMEs and also for future research. The results obtained from the inductive approach through 

in-depth interviews will then be described so that financial management practices for SMEs can be 

identified. 

5. Findings and Discussions 

5.1. Proposition 1 (P1): Applying bootstraps to ensure the availability of working capital 

This proposition is a strategy undertaken to manage working capital in SMEs.  Firm owners can attempt 

to negotiate with suppliers in terms of extending the duration of payment liabilities while receiving the 

stocks first.  On the other hand, in order to attract and retain consumers, firm owners can offer them 

payment liabilities while making sure that firm owners have sufficient funds to pay off the suppliers in 

due time.  In the overall system of bootstrapping, the duration of credit term from suppliers must 

provide longer duration than the credit term offered to consumers.  In this case, the firm owners are not 

required to prepare any funds for cost of goods and thus relieved of the burden implied to working 

capital.  In the restaurant business like YBA, bootstrapping is not applicable as suppliers are paid 

directly by cash, while customers also pay directly after their meals. 

 Case ANG 

Yes, so our customers owe us, we owe our suppliers, and all we have to do is manage the time 

span between our customer's installment and our installment.  

   

 […] collecting debt is the hardest one. 

    

 […] we never prepare cash, the supplier always let us owe them. 

  

 Case MTPLN 

 We generally start ordering from our supplier in the 2nd month of the year as we will be 

invoiced in the 5th month where our sales usually are increasing. If we ordered in the 1st month 

of the year, we would not be able to pay our debt off due to poor sales within that month.  

5.2.  Proposition 2 (P2): Setting aside cash reserve from retained earning minimize 

borrowing from  financial institutions 

Firm owners plan to accumulate cash reserves set aside for unforeseeable situations in their businesses, 

such as uncollectable receivables occurring while remunerations have to be made at the end of the 

month.  Instead of direct borrowing from financial institutions or pursuing bank overdrafts, firm owners 

tend to prefer using cash reserves from retained earnings. 
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Case ANG 

We circulate our own money around even from [the other business] to cover temporarily. 

  

Case MTPLN 

We tried not to borrow any money from the bank for business purposes. […]. We do not 

typically have this problem on a daily basis, and we only use reserve when it is needed.  

 

Case YBA 

We use our own money to pay for the ingredients supplies when they arrive.  

5.3.     Proposition 3 (P3): Computerizing the firm’s system to keep track of receivables, 

or/and  inventory, or/and customers’ preferences that impact the working capital 

Tracing receivables is key in increasing the liquidity of ANG. An average of 30-days receivable 

turnover is favorable for the business to operate, to the extent of the liabilities to be paid to the suppliers.  

The inability to go after debtors to collect the receivables will obstruct the working capital to even pay 

for the salaries at the end of the month.  The owner-manager of MTPLN had to be approached the 

second time to confirm this proposition, but she is using the computer system to track inventories only.  

Furthermore, manual inventory checking every week must still be implemented to compare with the 

system’s outcomes.  The computer system in YBA is used primarily for financial reporting, but most 

importantly utilized for personal preferences of each individual customer. 

Case ANG 

The system works like this, if it is due, the system will notify us and will stay there if the company 

has not paid yet until we close the account in our system. 

  

The human error is only about 5% today, which is considered small ever since I took over the 

company. 

  

It automatically calculates how much the profit is. 

 

MTPLN 

When my dad was still alive, we used to have a computer system to track receivables and 

customers’ preferences, but it was not significantly effective.  However, there is a system still 

for inventory control. 

  

YBA 

All the transaction data are entered into the financial system, and financial statements can be 

extracted from it. 

  

For example, we offer to the specific customer,  “Don’t you want to drink [this] today? 

  

Indians like water that is extremely hot, so we serve them specifically. 

  

If some particular dishes are not selling well, we can track them down from the financial report. 

5.4. Proposition 4 (P4): Controlling inventory contributes to the efficiency of working 

capital 

Inventory control is usually used to manage the availability of the stocks demanded by customers.  In 

the event a particular stock is below a determined quantity, the computerized system can trigger an alert 

notice to business owners.  Moreover, inventory control is executed by stocking the goods that are 

highly saleable and reduce stocking of goods that are not saleable in the marketplace.  In Indonesia, 

firms could be increasing the stockpile three to four months before Ramadan season, as the trend of 

stock shortages increase in demand that eventually leads to increase in prices will occur nearing to the 
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season.  Hence, business owners are prepared for this trend each year.  In the food industry, however, 

the stock of the food is replenished once a week to ensure the freshness of the food. 

Case ANG 

[…] so in our computer, we make a system named " Limit Alert." For example, let's say the 

product goes out of the stock more often, We will limit that our office has to have a minimum 

quantity for that particular product. 

 

Because from the graphic chart we can know what goods that we need to order. 

  

Yes, around 60%. 

   

For unattractive product types, we search other people who want to buy with discounted price. 

  

Case MTPLN 

We started stocking up four months before Lebaran because closer to the date, suppliers could 

run out of stock.  

  

We are not concerned if we have more local stock as their sale is always great. However, with 

imported stock, we need to be more careful when looking at the marketplace. 

 

Case YBA 

Food stock comes once a week, and we try to finish it in a week. 

5.5. Proposition 5 (P5): Setting coherent firm governance to safeguard against fraudulence 

and to  ensure payments by customers 

Working capital management can be enclosed to the family members or extended family in terms of 

handling suppliers' network and consumers' receivable receipts.  In other words, non-family members 

are not allowed to hold the key to the network of suppliers and access to the customers of the business, 

lest they will use it for their gains.  The critical essence of this relationship is trust within the family 

walls that minimize the risk in managing working capital.  In YBA – the only non-family business- 

makes sure all the transactions in the supply chain are dealt with cash,  but one of the business partners 

strictly manage it.  The inventory is also only accessible by one trusted employee.   

Case ANG 

Because all the receipts will be either with my dad, the boss, or with me, so we do not let the 

staffs have it because if one of it is lost, let us say it is a hundred million rupiah value, then we 

will lose that hundreds of millions. 

  

Because some companies are large and small, so if the company is large, we give them a higher 

limit because they are going to need it.  Example, the buyer every month 100 million, we give 

them limit around 150 million. Higher than that, we should be careful or pay attention more. 

 

Employees’ access is restricted because if we let them do it, they can make their own companies 

from our customer channel. 

  

It is better if the working capital flows quicker because then we can pay our debt. Even if we 

take some more products, we can pay our debt.  

  

We already programmed the financial report, so we need to click some stuff, and we do not 

show it to the employers. 

  

Case MTPLN 

 Depending on where the invoices go. I usually deal with most of the tires vendors, while a 

consultant deals with larger firms and government agencies. 
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We keep any cash flow personal. 

  

Case YBA  

Our customers all pay by cash. 

   

One of the partners, who is in charge of the building facility, takes responsibility for the 

restaurant's finance. 

  

Only one person has access to the inventory room and prepares all one time in the morning. 

5.6. Proposition 6 (P6): Screening customers of their credit history and reputation 

minimizes the risk  of uncollectible accounts receivables  

Screening customers to allow them to allow or decline them to credit is key to working capital 

management.  Customers in this definition can be referred to firms as well, as they are experiencing 

stock shortage and need to buy from the neighboring stores.  Customers with good credit records may be 

allowed to credit more frequently like for instance, the customers buy today and pay tomorrow.  In 

restaurant business like YBA, however, the receivables may not be an obstacle as customer pay directly 

after their meals.   

Case ANG 

Some of the cases are people (customers) cheated, and some other cases are our employees are 

bad at finding customers. 

  

Example, if we already sent the stocks, the buyer said, "I will pay when I receive the stocks." 

However, when they got the stocks, they left. 

  

Case MTPLN 

But our most substantial income was from the government. For the meantime, the 

government, the mayor, city officers, governors, marine, farming, and forestry 

department, [state university]…. 
 

5.7. Summary  

 

Figure 1. Theory of SME’s Working Capital Management 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

268 

 

Based on Fig. 1, the six propositions could be exist simultaneously or at least just one of them to achieve 

a sustainable working capital management.  However, based on observation of the three cases, firm 

governance is the critical cornerstone of the theory.  It sets the culture for the other five propositions to 

occur, and this is particularly evident in the two family business cases such as ANG and MTPLN.  Their 

family values influence their family cultures, which are subsequently transferred to the business 

cultures. Then the repetitive guidance and implementation of managing the working capital will provide 

the skills and habits for the individual employee, as well as routines and capabilities for the firm (e.g. 

Winter, 2016).  In other words, firm governance draws all other attributes into functions. 

6. Conclusion 

Working capital management is one of the crucial skills and knowledge for entrepreneurs, especially in 

SMEs, to acquire and develop to ascertain the sustainability of the firms.  A number of different 

attributes to working capital management are shown in Figure 1.  However, the application of each 

attribute has to be different depending on whether it is a family business or the kind of industry the 

business is operating.  Overall, the more attributes an SME owner-manager can implement in the 

business, the more efficient and sustainable the firm. 
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Abstract: There are many factors that can lead to internship satisfaction. Working environment 

is one of the factors that will result to such outcome. However, many organizations discarded 

the fact of its importance. The purpose of this study is to determine whether there is a significant 

relationship between working environment and internship satisfaction level as well as to 

determine whether the dimensions of working environment significantly affect internship 

satisfaction. The said dimensions are, learning opportunities, supervisory support, career 

development opportunities, co-workers support, organization satisfaction, working hours and 

esteem needs. A total of 111 questionnaires were distributed to the respondents and were 

processed by SPSS program to obtain the result of this study. The results reveal that learning 

opportunities, career development opportunities, organization satisfaction and esteem needs are 

factors that contribute to internship satisfaction level. In the other hand, supervisory support, 

co-workers support and working hours are factors that lead to internship dissatisfaction. The 

result also shows that organization satisfaction is the strongest factor that affects internship 

satisfaction while co-workers support is the weakest. 

Keywords: Working Environment, Internship, and Internship Satisfaction 

1. Introduction 

Tourism plays a major part in the economy of the world because of its fast growing rate of growth. As a 

result, tourism turns into a key driver for socio-economic progress through the creation of jobs and 

enterprises, export revenues, and infrastructure development. UNWTO (2017) claimed that there was a 

dramatic increase in international tourism receipts earned by destinations from US$ 2 billion in 1950 to 

US$ 104 billion in 1980, US$ 495 billion in 2000, and US$ 1,220 billion in 2016. Additionally, 

UNWTO keeps track of international tourism receipts per continents. Europe ranks first and then 

followed by Asia and The Pacific, The Americas, Africa and The Middle East. Europe has welcomed 

616 million international tourists in 2016 which roughly generating about US$ 447.3. The top 5 

countries in Europe that received the most international tourism receipts are Spain, France, Italy, The 

United Kingdom and Germany. Moreover, in 2017 UNWTO has developed a long-term forecast of the 

number of international tourist arrival worldwide for the next 20 years starting from 2010 as the base 

year. The number is expected to increase by an average of 3.3% a year from 2010 to 2030. International 

tourist arrivals will increase by about 43 million a year. At the projected rate of growth, international 

tourist arrivals worldwide are expected to reach 1.4 billion by 2020, and 1.8 billion by the year 2030 

(UNWTO, 2017).  

Although tourism has experienced continued expansion and diversification to become one of 

the largest and fastest-growing economic sectors in the world, Tan, et al. (2016) stated that the 

hospitality industry is facing a shortage of employees, even though the number of students graduating 

from the hospitality schools is increasing. This is due to the increase in number of hospitality students 
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walking away from the industry. Students have no intention in working in the industry after their 

graduation (Seyitoğlu & Yirik, 2014). Tse (2010) believes that internship may affect students in 

pursuing their future careers. Some students rely on internships as windows to their future careers. As a 

result they may decide whether to enter the hospitality industry based on the internship experience. 

Additionally, unpleasant internship experience can result in students walking away to apply for a job in 

the hospitality industry. The hospitality industry will then lose many skilled human resources due to 

students being dissatisfied by their internship. Internships are the first working experience students 

encounter when entering the industry for the first time. It is important to make the internship appropriate 

and structured because that first time will set the idea of how the hospitality industry really is. 

Hospitality students who have undertaken an internship believe that the internship was important for 

them. (Yuliana, 2016). 

There are many factors that influence internship satisfaction. One of the major factors is the 

working environment. According to Marinakou (2013), the working environment is negatively viewed 

by the students.  Moreover, disorganized work environment is seen as a de-motivator by the students 

while professional environment is a motivator since students expect to work in a professional 

environment. A study done by Varshney & Mishra (2014) showed that there is a strong degree of 

correlation between work environment and internship satisfaction. In addition to this, another study 

done by D'Abate, Youndt, & Wenzel (2009) revealed that work environment characteristics is the most 

important predictor of internship job satisfaction followed by job characteristics and contextual factors. 

Yuliana (2016) also mentioned that work environment ranked the third highest factor that influences 

internship satisfaction level. The working environment that provides all the students’ needs during the 

internship could motivate the students to do the internship. Organizations should be able to provide a 

condition by taking into account the students’ point of view thus creating a more meaningful and 

positive work experience (Tse, 2010). By providing a better work condition for students, the students 

would be more satisfied. As a result, they would be able to love their job more and the sector itself. Thus 

it will be possible for the tourism sector to increase its number of educated and qualified personnel 

(Seyitoğlua & Yirika, 2014). 

The problem stated above was taken from previous researches where they indicated that 

working environment is a strong factor that affects internship satisfaction and the importance of it. This 

problem is then applied to this study. This study will determine whether there is a significant 

relationship between working environment and internship satisfaction level. It is also to determine 

whether the dimensions of working environment significantly affect internship satisfaction. This study 

takes a 4-star hotel restaurant in Germany as its unit analysis and the respondents are undergraduates 

and graduates who have done their internship there. 

Furthermore, the significance and implications of this study will be beneficial for the hospitality 

industry. Firstly, hospitality industry will be aware of its role in attracting potential employees. 

Secondly, hospitality industry can have a deep understanding, importance and purpose of internship so 

they will be able to create a more meaningful internship experience for the students. Lastly, hospitality 

industry will realize how important it is to improve its working environment to be more adequate. 

2. Literature Review 

2.1. Working Environment 

When people are working in a situation that suits their physical and mental abilities, the correct fit 

between the person and the work task is accomplished. People are then in the optimum situation for 

learning, working and achieving, without adverse health consequences, e.g. injury, illness. Work 

environment is the physical aspect of a workplace environment. It has a direct impact on the 

productivity, health and safety, comfort, concentration, job satisfaction and morale of the people within 

it (Elnaga, 2013). In addition, Jain & Kaur (2014) described work environment as the implication of 

social connection at workplace and also maintenance of relationship between colleague, supervisor and 

the organization. It is the neighboring situations in which employees are working together. According to 

Raziq & Maulabakhsh (2015), the working hours, job safety, job security, relationship among 

employees, esteem needs of employees and the influence of top management on the work of employees 

are parts of working environment. This study believed that working environment positively influenced 
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job satisfaction. Supporting this, D'Abate, Youndt, & Wenzel (2009) assessed the satisfaction of 

internship by using 3 major factors, which were job characteristics, work environment and contextual 

factors. The study concluded that work environment was the most important predictor of the internship 

satisfaction. However, D'Abate, Youndt, & Wenzel (2009) believed that learning opportunities, 

supervisory support, career development opportunities, co-workers support and organization 

satisfaction are dimensions of working environment that influence internship satisfaction. 

This study adapts only the work environment factor by D'Abate, Youndt, & Wenzel (2009) 

where it was specifically adressed to students. However, this study will improvise the model thus 

creating its own research model by taking two additional dimensions of working environment into 

account in order to obtain the desired outcome. The two additional dimensions which are working hours 

and esteem needs were taken from a study done by Raziq & Maulabakhsh (2015) where this study 

assessed the satisfaction of employees. This study believes that these two additional dimensions taken 

from Raziq & Maulabakhsh (2015)’s study were neglected by D'Abate, Youndt, & Wenzel (2009). 

These two additional dimensions are believed to affect the internship satisfaction.  

 H10: There is no significant relationship between working environment and internship satisfaction 

level 

 H11: There is a significant relationship between working environment and internship satisfaction 

level 

2.1.1. Learning Opportunities 

According to Marinakou (2013), students highly valued the knowledge and skills they acquired. It is 

thus very important to bear in mind that organization must be able to provide a learning working 

environment for the students. Students are more satisfied if they have the opportunity to learn 

something new particularly the ones that are not being taught in the classroom. It is believed that 

learning opportunities are one of the main reasons students pursue internships. Internships are basically 

progressive in nature which means that the opportunity to participate in important activities will help 

them to make the transition from classroom to the workplace much easier. This is because such events 

build skills and knowledge and yields satisfying internship experience (D'Abate, Youndt, & Wenzel, 

2009). It must be taken into consideration that students pursue internship in order to use their theoretical 

knowledge they learned in the classroom into real-work situation as well as familiarising themselves 

with the sector. Organizations should not see students as an additional workforce where their present is 

to be used to lessen the workload. It is very important for organizations to bear in mind that their role is 

to make students to be more knowledgeable about both the job and sector (Seyitoğlua & Yirika, 2014). 

 H20: Learning opportunities do not significantly affect internship satisfaction level 

 H21: Learning opportunities significantly affect internship satisfaction level 

2.1.2. Supervisory Support 

According to Yuliana (2016), students feel that supervision during internship is important, as it is one of 

the motivating factors. In fact having a very encouraging supervisor who acts as a mentor could strongly 

influence students’ satisfaction. Organizations should assign supervisors who possess strong mentoring 

capabilities (D'Abate, Youndt, & Wenzel, 2009). As stated by Yafang & Gongyong (n.d.), on numerous 

occasions, after placing interns in their respective host organization they are forgotten until the time the 

internship ends. So more guidance is needed concerning the role of supervisor. Ko (2008) concluded 

that students’ satisfaction could be found when colleagues are assigned to assist them before and during 

the internship periods. For interns, it is very crucial to receive instant feedback from mentors to know 

how far their progress is. It is very desirable to appoint colleagues who have great mentoring abilities 

and patient with the time consuming process. This will result in huge impact on the experience the 

students will receive. However, interns felt uncared for and helpless when their colleagues were 

unavailable and unapproachable. Interns did not feel easy to approach those types of colleagues to ask 

for work or clarifications  (Tse, 2010).  

 H30: Supervisory support does not significantly affect internship satisfaction level 

 H31: Supervisory support significantly affects internship satisfaction level 
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2.1.3. Career Development Opportunities 

As stated by D'Abate, Youndt, & Wenzel (2009), internship helped students realize whether they would 

continue pursuing their career in the partciular field. Students were concerned about the relevance of 

their internships to their study and future career. Students were aware that there was a complex 

relationship between study and internship and how they support each other. Some students rely on 

internship as a window to their future career. As a result, it would affect their decision whether to 

continue their career in the hospitality industry (Tse, 2010). Internship experiences could help them 

prepare for and have more confidence in future careers. Students who have undergone internship will 

benefit in their future careers (Ko, 2008). 

 H40: Career development opportunities do not significantly affect internship satisfaction level 

 H41: Career development opportunities significantly affect internship satisfaction level 

2.1.4. Co-Workers Support 

According to Tse (2010), relationship with co-workers is the most important theme being discussed in 

his study. Students are in fact inexperienced they rely heavily on their colleagues mainly on colleagues’ 

assistance and coaching. The results of the relationship between interns and their colleagues constitute a 

large part of their internship experience. These relationship, whether it is positive or negative, have long 

lasting effects on the students’ perception towards the organizations and even to the hospitality industry 

itself. These colleagues could make a lot of difference to the internship outcome by showing their care 

for the students, making an effort to communicate with the students, controlling their temper in dealing 

with students who have made mistakes, setting a good example of working diligently, and being 

friendly. If student interns like their colleagues and if those colleagues are willing to coach them, the 

relationship becomes a strong one. A strong relationship contributes to a positive student intern’s 

learning and overall perception of the organization and industry.  

 H50: Co-workers support does not significantly affect internship satisfaction level 

 H51: Co-workers support significantly affects internship satisfaction level 

2.1.5. Organization Satisfaction 

D'Abate, Youndt, & Wenzel (2009) described organization satisfaction as how much students liked the 

organization hosting the internship. First and foremost, while the actual job is important, the broader 

organizational environment is more important. Organization satisfaction was discovered to be a strong 

internship satisfaction. Thus, interns should be exposed to the deeper environment of the organization. 

 H60: Organization satisfaction does not significantly affect internship satisfaction level 

 H61: Organization satisfaction significantly affects internship satisfaction level 

2.1.6. Working Hours 

A study done by Poulston (2009) proved that many of the respondents complained about being fatigued 

and being able to maintain concentration due to their working hours. This study showed that working 

hours revealed the industry’s problems with attracting and maintaining reliable staffs. Long and 

inflexible working hours typically happen in the hospitality industry mainly during high season, 

resulting in students staying longer at work (Marinakou, 2013). People have a certain capacity to work. 

As mentioned before, overtime may be required in a business due to the workload. However, making 

the students work extremely hard and too much should be prevented if possible since this constitutes a 

real problem in certain businesses. Such incident mostly happens to organization that do not have 

enough personnel. Despite all that, students should get paid for working overtime. As a result, students 

feel more motivated and appreciated in return for their hard work (Seyitoğlua & Yirika, 2014). 

 H70: Working hours do not significantly affect internship satisfaction level 

 H71: Working hours significantly affect internship satisfaction level 

2.1.7. Esteem Needs 

According to Ramlall (2004), esteem needs include being given recognition such as appraisal or awards 

when an individual has done a very good job. Furthermore, Elnaga (2013) added that companies try to 

fulfil esteem needs by trying to make their employees feel like they contribute to the achievements of 
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the business. Companies appreciate their excellent employees through different means which fulfill 

sense of esteem in them. 

 H80: Esteem needs do not significantly affect internship satisfaction level 

 H81: Esteem needs significantly affect internship satisfaction level 

2.2. Internship 

As stated by Sommerville (2007), internship requires learning from a more experienced employee(s) 

within the industry. Internship is effective because it involves the trainees to take part in the and 

provides them with high transferability to the job. Yuliana (2016) described internships as the first 

working experience students encounter when entering the hospitality industry for the first time. 

Students will be able to implement what they have learnt in the classroom into real-life situations. Once 

again, these enable students to apply the lessons and theories learnt in the classroom into action. The 

internship experiences will help them prepare for their future career. They will then have more 

confidence in choosing and building the career they desire. Students who get hands on experiences from 

internships will have advantage in their careers, especially for the general university students in this 

case (Ko, 2008). According to Tse (2010), internship assists students in developing their valuable 

generic abilities and put theories into real-life situations through the work-based learning concept. In 

other words, internship provides work experience for the students. Moreover, this study also believes 

that students view internship as a window to their future career which affects their decision whether to 

continue pursuing their career in the industry. 

2.2.1. Internship satisfaction 

When talking about job satisfaction, it is referring to a positive feeling about a job, resulting from an 

evaluation of its characteristics. A person with a high level of job satisfaction holds positive feelings 

about his or her job while a person with a low level holds negative feelings (Robbins & Judge, 2013). 

According to D'Abate, Youndt, & Wenzel (2009), students’ job satisfaction can be assessed through 

three major factors, which they believed had positive relationship toward internship job satisfaction. 

The study discovered that work environment characteristics, job characteristics and contextual factors 

significantly affect internship satisfaction level particularly work environment characteristics and job 

characteristics. The results showed that job characteristics and work environment have positive 

influence towards internship job satisfaction while on the other hand contextual factors did not. 

Contextual factors tend to be tangible yet important characteristics of internship which resulted in 

students to accept or tolerate these conditions because they know internship is temporary in nature. Due 

to the fact that internship is temporary, students may be willing to accept or tolerate these conditions 

better than permanent employees who must deal with such factors and conditions longer. The results 

also revealed that task significance and feedback were the most important of job characteristics. 

Students were more likely to be satisfied when their work greatly affected others and the organization 

itself. In addition to this, organization satisfaction, supervisor support and learning opportunities were 

the most important of work environment characteristics (D'Abate, Youndt, & Wenzel, 2009). 

In addition, a study done in Greece showed that professional working environment, the learning 

experience, relationship with both supervisors and staffs, and the working conditions were factors that 

played a part in students’ satisfaction. Students valued their participation at work because it enhanced 

their experience and knowledge. However, long working hours, low or poor pay, and lack of 

coordination were matters that resulted in low internship satisfaction. Long and inflexible working 

hours typically happen in the hospitality industry mainly during the high season resulting students to 

stay longer at work. Students also found that the hospitality organization did not do a very good job in 

managing their internship program thus educational institution must monitor the internship (Marinakou, 

2013). Supporting this, Yuliana (2016) conducted a study of hospitality students satisfaction regarding 

internship in Jakarta, Indonesia. The study utlized six factors which were work environment, location, 

job, supervision, relationship and pay. The study revealed that internship is important to the students as 

their personal knowledge about the indusry. In this study, pay factor was considered as a demotivator 

while the rest of the factors were motivators. Relationship with co-workers had the highest effect on 

students’ motivation to have a better understanding of teamwork. Location of the hotel highly affected 

the satisfaction of the students. Generally, students were satisfied with their internship which conveyed 
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that their experience would highly affect their decision in choosing their future career. However, 

students would be much satisfied if they were paid or given some allowance. 

3. Research Methodology 

This study is a descriptive quantitative study where it attempts precise measurement of something. It is 

also often used for theory testing (Cooper & Schindler, 2014). This study target population is 

undergraduates and graduates who have done their internship at this restaurant at 4 stars hotel in Binz, 

Germany. Simple random sampling will be implemented in this study. As informed by the Human 

Resource Director of this hotel, the hotel does not keep record of the total number of interns who have 

done internship there. Due to the fact that the population size of this research is unknown, the minimum 

sample for the unknown population can be determined with Rao Purba’s equation. Below is the further 

detail calculation used to determine the sample size. 

 
(1) 

Where;  n : Sample size, : Z value standard deviation, e:margin of error maximum 

There are three types of Z value which are 1.645, 1.96 and 2.576 where the confidence level are 

90%, 95% and 99% respectively (Sekaran & Bougie, 2013). The margin of error that will be used is 

10%, confidence level is 95% (Z score = 1.96) where alpha level is equal to 0.05 have been selected for 

the accuracy of this research. 

As a result the sample size is determined as followed: 

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 (5) 

Based on the computation above, the minimum sample size needed for this research to prevent 

any error is 96. 

The questionnaires were distributed to the respondents via internet through Google Form. This 

is due to limited time and the current location of the respondents. All the students who have done 

internship at this restaurant come from different nationalities and so it will be much simpler, less time 

consuming and low cost. The questionnaire consists of three parts. The first part is the respondents 

profile. The respondents are required to tick the answer. The second part is related to working 

environment and its 7 dimensions affecting the internship satisfactions where respondents rate their 

answer based on 5 point Likert scale. The respondents are required to rate the scale from strongly 

disagree to strongly agree using the range between 1 to 5. In the second part, the questions are in the 
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form of sentences. Respondents are required to answer each statement by choosing the number that best 

represents their response. The last part is related to general satisfaction of the students where 

respondents answer each statement by choosing the rating number between 1 (strongly disagree) to 5 

(strongly agree) that best represents their opinion. 

The data were processed using SPSS (Statistical Package for the Social Science) version 24.0. 

30 questions were distributed to 30 participants for the pre test where validity and reliability test were 

done to check the validity and reliability of the questions in the questionnaire. In order to measure the 

validity and reliability, Pearson Correlation and Cronbach’s Alpha were used respectively. Moreover, a 

final of 111 questionnaires were distributed to the respondents and were processed using Multiple 

Linear Regression to test the eight hypotheses. 

4.  Results and Discussions 

4.1. Pre Test Result 

4.1.1. Validity Result 

The value of R count is compared to the value of R table. R table can be calculated by finding out the 

degree of freedom (df= n-2) being used in this study with 0.05 as the alpha value. In this case, there were 

30 participants resulting in its degree of freedom to be 28. By looking at the R table where the degree of 

freedom with 0.05 as the alpha value yielding the R table value to be 0.361. The value of R count must 

be greater than the value of R table can the questions be considered valid. 

After comparing the value of R count and R table (0.361), there are 7 invalid questions. Due to 

the fact that any R count value below 0.361 is considered to be invalid, there are 7 questions considered 

as such. Thus, questions number 1,14,17,18,19,20 and 25 will be removed and unable to be used for 

post test. As a result, there are only 18 questions of working environment. In the other hand, all the 

questions of internship satisfaction level are all valid and can be used for post test. 

4.1.2. Reliability Result 

To measure the reliability result, Cronbach’s Alpa was used. The value of the resulted Cronbach’s 

Alpha must be above 0.70 to be considered acceptable or above 0.80 to be considered good (Sekaran & 

Bougie, 2013). 

Table 1: Working Environment Reliability Result Reliability Statistics 

Cronbach’s 

Alpha 

N of Items 

.803 25 

Source: SPSS Version 24 

Table 2: Internship Satisfaction Level Reliability Result Reliability Statistics 

Cronbach’s 

Alpha 

N of Items 

.794 3 

Source: SPSS Version 24 

The results reveal that measurement for both variables can be considered reliable. The 

Cronbach’s Alpha for working environment in Table 1 is 0.803 which indicates that the measurement 

for this variable is considered as reliably good. On the other hand, the Cronbach’s Alpha for internship 

satisfaction level in Table 2 is 0.794 which signifies that the measurement for this variable is considered 

to be reliably acceptable. 
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4.2. Post Test Result 

111 questionnaires were distributed to 111 respondents for post test. The minimum number of samples 

that must be collected is 96. The number was derived from sampling equation by Rao Purba as 

discussed previously on research methodology part’s of this study. 

4.2.1. Respondents Profile 

From the collected questionnaires, the respondents are 55% females and 45% males. It can be 

concluded that most of the interns at this 4-star hotel restaurant are dominated by female rather than 

male. 10% of the respondents do not have a hospitality background while 90% of the rest do. This result 

indicates that not all the interns at this 4-star hotel restaurant have a hospitality background. According 

to the Human Resource Director of the hotel, anyone can do his or her internship at this 4-star hotel with 

or without a hospitality background. There are 70% of the respondents who are still pursuing their 

degree while the other 30% have already graduated. It can be concluded that the internship is opened for 

both graduate and undergraduate. 43% of the interns did their internship under the service department, 

31% were under kitchen and 26% were under both departments. The internship gives the interns 

privilege to have the experience in both departments thus interns can compare which department they 

will likely choose to work under in the future. The result reveals that 49% of the interns do not have any 

intention to work here again. 38% of the interns still do not know whether they want to work here again 

or not at this 4-star hotel restaurant. Lastly, only 13% of the respondents have the intention to work here 

again as an employee. 

4.2.2. Multiple Linear Regression 

4.2.2.1. Model Summary and  F Test 

Table 3: Post Test Model Summary Result Model Summary 

 

Source: SPSS Version 24 

Table 4: Post Test F Test Result ANOVAa 

 

a. Dependent Variable: Internship Satisfaction Level 

b. Predictors: (Constant), Esteem Needs, Career Development, Working Hours, Learning Opportunities, Organization 

Satisfaction, Supervisory Support, Co-Workers Support 

Source: SPSS Version 24 

By looking at the Model Summary Table, the table provides the value of R and R Square. The value of 

R represents the correlation between the two variables. The R value is 0.770 which indicates the degree 

of correlation. This signifies that there is correlation between Working Environment and Internship 

Satisfaction Level by 77.70%. The R Square value represents how much the dependent variable can be 

explained by the independent variable. The R Square value is 0.593 which indicates that Internship 
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Satisfaction Level is 59.3% being influenced by Working Environment. Furthermore, the result from 

ANOVAa Table indicates that the values of F count and Sig are 21.441 and 0.000 respectively. This 

conveys that the value of F count is higher than the values of F table (2.100) and Sig valueis lower than 

chosen alpha (0.05) respectively. Therefore, it can be concluded that the there is a correlation and 

relationship between Working Environment and Internship Satisfaction Level. Thus, the first 

hypothesis is determined as followed: 

H11: There is a significant relationship between working environment and internship 

satisfaction level 

4.2.2.2. T TEST 

Table 5: Post Test T Test 

Coefficientsa 

 
a. Dependent Variable: Internship Satisfaction Level 

Source: SPSS Version 24 
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Table 6: T Test Result 

 
 

In order to interpret the data, the value of T count must be higher than the value of T Table and the value 

of Sig must be lower than 0.05 (alpha) can H0 be rejected. It can be seen from the table that there are 4 

dimensions of working environment that fall under such category. In other words, there are 4 

dimensions that significantly affect Internship Satisfaction Level while the others do not. The said 4 

dimensions are Learning Opportunities, Career Development Opportunities, Organization Satisfaction 

and Esteem Needs. In addition to this, Organization Satisfaction affects Internship Satisfaction Level 

the most as R square being the highest value (27.7%). Hence, it can be concluded that the hypothesis of 

this study are as followed: 

 H21: Learning opportunities significantly affect internship satisfaction level 

 H30: Supervisory support does not significantly affect internship satisfaction level 

 H41: Career development opportunities significantly affect internship satisfaction level 

 H50: Co-workers support does not significantly affect internship satisfaction level 

 H61: Organization satisfaction significantly affects internship satisfaction level 

 H70: Working hours do not significantly affect internship satisfaction level 

 H81: Esteem needs significantly affect internship satisfaction level 

4.2.3. Discussion 

4.2.3.1. First Hypothesis 

As seen from the Model Summary Table, working environment influences internship satisfaction level 

by 59.3%. There is also a correlation between the two variables by 77.70%. As a result, it can be 

concluded that there is a significant relationship between working environment and internship 

satisfaction level. This finding is also supported by some previous studies. One of the examples is a 

research done by D'Abate, Youndt, & Wenzel (2009). The study hypothesized that internship 

satisfaction is influenced by three factors which are job characteristics, work environment and 

contextual factors. However, the findings revealed that work environment is considered to be the most 

important factor in attaining interns’ satisfaction particularly supervisory support, learning 

opportunities and organization satisfaction. Another study done by Yuliana (2016) also shows that wok 

environment influences internship satisfaction level by 15.5%. Working environment is in fact the place 

where the employees work together in an organization. It is where employees interact with one another 

to maintain relationship between each other (Ramlall, 2004) (Jain & Kaur, 2014). Working 

environment should be able to profesionally provide all the necessities of the students during their 

internship. This is because as mentioned before working environment is the place where interns and 

co-workers as well as the supervisor work together as a team in a daily basis. Interns expect to work in 



Proceedings of the International Conference on Innovation, Entrepreneurship and Technology,  

30-31 October 2018, BSD City, Indonesia,  
ISSN: 2477-1538 

 

280 

 

a professional environment during their internship. A better work conditions can lead to a more 

motivated interns thus leading to a more satisfied interns. 

However, working environment only influences internship  satisfaction level by 59.3%. The 

other 40.7% comes from other possible variables that can influence internship satisfaction. Such 

possible variables can be pay and the job itself. According to D'Abate, Youndt, & Wenzel (2009), job 

itself is the second strongest factor that affects internship satisfaction. Job itself includes skill variety, 

task identity, task significance, autonomy and feedback. D'Abate, Youndt, & Wenzel (2009) explained 

that interns’ satisfaction can be increased when interns feel good about the jobs they are doing and when 

their overall jobs can impact the employees and the organization as a whole. Simulteanously, giving 

feedback to the interns can also increase interns’ satisfaction because interns seek clarification whether 

they have been doing the right job or not. Other studies also suggest that when interns receive pay 

during their internship their satisfaction can increase. Paying interns for overtime can also increase their 

satisfaction (Seyitoğlua & Yirika, 2014). 

4.2.3.2. Second Hypothesis 

Supported by the result of multiple linear regression from SPPSS, H21 of the second hypothesis is 

accepted which states that learning opportunities significantly affect internship satisfaction level. The 

value of T count for learning opportunities is 2.219 which is higher than the value of T table (1.982). 

The value of Sig is 0.029 which is lower than 0.05, the chosen alpha of this study. Moreover, the value 

of R square shows that there is a positive relationship between learning opportunities and internship 

satisfaction level by 4.58%. This result is also accordance with some previous studies such as a study 

done by D'Abate, Youndt, & Wenzel (2009) which pointed out that learning opportunities are 

considered as one of the most influencing factors in attaining interns’ satisfaction. The study described 

learning opportunities as gaining new information and lessons which could not be taught in the 

classroom. The study believed that learning opportunities is the main reason students pursue internship. 

Another study done by Marinakou (2013) believed that students favourably valued the knowledge and 

skills they obtained from their internship. Moreover, Tse (2010) suggested that students view personal 

growth as the main benefit of internship. Students consider gaining many new various generic and 

practical skills as personal development or growth. Organizations should provide an environment where 

students can learn something new and beneficial everyday because it can increase the satisfaction of the 

interns. It should be stressed that the organizations’ job is to make the students more knowledgeable and 

familiar about the sector of this industry (Marinakou, 2013) (Seyitoğlua & Yirika, 2014). Furthemore, 

Herzberg’s Motivation-Hygiene Theory explains that growth and advancedment are both considered as 

factors that contribute to satisfaction. 

In correlation to this, based on the observation done, interns who did their internship at this 

4-star hotel restaurant expected to gain new knowledge, skills and experience for their future purposes. 

They believed that there are a lot to learn from their internship that could be beneficial for them later in 

the future. Due to that reason, interns trully appreciate it when their supervisor or co-workers always 

teach them something new everyday. Once they are able to do or almost master several tasks after a few 

days, they expect to receive more yet different tasks in the following time. In fact, when they are forced 

to do monotonous tasks over and over again they tend to lose interest in their internship. They are more 

intrigued when their internship is able to provide an environment where they can learn a lot from it.  

4.2.3.3. Third Hypothesis 

As the results shown from SPSS T-Test table, the value of T count is -0.958 which is smaller than the 

value of T table (1.982). The value of Sig of supervisory support (0.340) is higher than the chosen alpha. 

In addition to this, the value of partial correlation shows a negative result. This indicates that there is a 

negative relationship between supervisory support and internship satisfaction level (-0.094). Therefore, 

it can be interpreted that H30 which states that supervisory support does not significantly affect 

internship satisfaction level, is accepted. Supervisory support leads to internship dissatisfaction. 

According to Herzberg’s Motivation-Hygiene Theory, relationship with supervisor is considered as a 

hygiene factor which in fact means a factor that leads to dissatisfaction. Internship is considered to be 

time consuming because of the fact that the supervisors must teach the interns new skills and knowledge 

every single day. As a result, frequently after several days of internship, organizations forget about their 

interns until the end of their internship time. Sometimes when the supervisors or mentors are too busy 
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with themselves or their work, interns feel uneasy to approach them. This results in interns feeling as if 

they are being neglected by their supervisors or mentors. That is why it is very important to assign the 

right employees as supervisors who are patients and have passion teaching the interns. Having a very 

supportive and approachable supervisor who act as a mentor and is able to give the right feedback can 

lead to satisfaction. (D'Abate, Youndt, & Wenzel, 2009) (Yafang & Gongyong) (Yuliana, 2016). 

Additionally based on the observation, supervisors sometimes treated the interns as if they are a 

full-time employee instead of a student. This results in instead of teaching and mentoring the students, 

supervisors asked the interns to clean the restaurant area. Most of the time, they viewed interns as 

people who can lighten their work mainly the work they do not want to do themselves. They neglected 

the fact that the purpose of the internship is for the inters to gain something new they would not have 

been able to in the classroom. Furthermore, due to the fact that the restaurant is in Germany, language 

was one of the difficulties the interns were facing especially for those whose German was only a fair 

level. Some supervisors did not have the patience when interns did not understand or requested to repeat 

the sentences they did not grasp. Supervisors then tended to lose their temper and interns felt as if their 

supervisors were not fond of them. As a result, interns considered their relationship with their 

supervisors to be weak slowly leading to dissatisfaction. 

4.2.3.4. Fourth Hypothesis 

H41 is accepted as the fourth hypothesis with the following statement; career development opportunities 

significantly affect internship satisfaction level. As shown from the table the value of T count is 2.682 

and the value of Sig is 0.009. The value of T count (2.682) is higher than the value of T table (1.982) and 

the value of Sig (0.009) is lower than 0.05 which is the chosen alpha for this study.  Moreover, career 

development opportunities influences internship satisfaction level by 6.50%. Career development 

opportunities are the second most influencing factor that significantly affects internship satisfaction 

level in this study. Students consider their internship as a window to their future career. Occasionally 

this makes students question whether their study and internship are relevant to their future career. This 

is due to the fact that internship supposedly helps students to decide which career field they are most 

interested in. Once students see that they can build their career under the hospitality sector after their 

internship, their internship satisfaction can be increased. This is because students feel that this is the 

right sector for them to be working under. As a result, students consider that their internship has helped 

them to prepare and build confidence for their future career (D'Abate, Youndt, & Wenzel, 2009) (Ko, 

2008) (Tse, 2010). 

Students who have undergone internship hoped that internship will help them decide which job 

they are likely to choose as a career. This can be said as one of the purposes of internship. Due to the fact 

that there are a various number of jobs in the hospitality industry, interns are faced with tough choices. 

By doing internship they can experience the real work life situation which can help them realise to 

choose the right job for them later in the future. If their internship experience does not meet with their 

expectation then there is a chance that they will lose interest to work under the hospitality industry. That 

is why it is very important to make the interns satisfied with their internship. 

4.2.3.5. Fifth Hypothesis 

For the fifth hypothesis, H50 with the following statement is accepted; co-workers support does not 

significantly affect internship satisfaction level. The result of T count value is -0.866 which is lower 

than the value of T table (1.982). Additionally, the value of Sig is 0.389 which is higher than the chosen 

alpha (0.05). Furthermore, the result of partial correlation shows a negative result (-0.085). This 

connotes that there is a negative relationship between co-workers support and internship satisfaction 

level. As the result shows a negative number, it explains that co-worker support leads to dissatisfaction 

of the interns instead of satisfaction. Relationship with co-workers is considered to be a hygiene factor 

according to Herzberg’s Motivation-Hygiene Theory. In fact, hygiene factors are those factors that lead 

to dissatisfaction (Robbins & Judge, 2013). Although internship requires support from supervisor, 

colleagues who work together with the interns in a daily basis are in fact more important in determining 

their impression and experience of their internship. This is because the positive and negative 

relationship experiences with co-workers have a longer lasting effect on their overall perception of both 

their internship experience, the organization and even to some extent the hospitality industry itself. 

Occasionally, co-workers do not treat interns the way they treat one another. Such examples are not 
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showing their care towards the interns, not trying to communicate with the interns, not being able to 

control their emotions and anger when interns make mistake and unfriendly. As a result, said examples 

lead to unpleasant and weak relationship between interns and their co-workers. In turn, unpleasant and 

weak relationship contributes to a negative internship experience (Tse, 2010). 

In fact in this study, co-workers support has the weakest influence towards internship 

satisfaction level. This may have some relation to the language and relationship between inters and 

co-workers. Once again as it has been mentioned before, language was one of the barriers the interns 

were facing. Inters occasionally felt disconnected because of that. As a result, inters were only able to 

talk to other interns or co-workers who could speak English. They only interacted with the other 

co-workers for work purposes such as asking for clarification of a task. Moreover, colleagues frequently 

left interns to do the job they did not want to do such as cleaning, doing table set-up and polishing. It 

also occurred that when interns helped their colleagues, their colleagues did not share a little bit of “tip” 

to them. This caused interns to feel as if their colleagues did not appreciate the help they received. Such 

unpleasant circumstances led to dissatisfaction. 

4.2.3.6. Sixth Hypothesis 

The accepted sixth hypothesis of this study is H61 which states that organization satisfaction 

significantly affects internship satisfaction level. The table shows that the value of T count (6.298) is 

higher than the value of T Table (1.982). The result of Sig also supports the hypothesis. The value of Sig 

(0.000) which is smaller than the value of the chosen alpha (0.005). This dimension of working 

environment has the strongest effect towards internship satisfaction because of its R square value is the 

highest value among other dimensions’. Organization satisfaction influences internship satisfaction 

level by 27.77%. Organization satisfaction is described as the extent to which the interns favour the 

organization they are doing their internship at. It can be interpreted that when interns like the 

organization they are working with, their satisfaction increases. It is very important for the organization 

to bear in mind that internship should be centrally coordinated at the organizational level. Organizations 

should be able to make the interns feel as if they belong and a part of the organizations thus strengthen 

the bond between the interns and the organization (D'Abate, Youndt, & Wenzel, 2009). 

Organization satisfaction has the strongest influence towards internship satisfaction level in this 

study. It explains that it is very important whether the interns like the organization they are doing their 

internship at. It is very crucial that the organization should be able to organise the internship very well 

because that is where the center of the satisfaction comes form. In this case, the organization succeeded 

to fulfill the needs of the internship especially through the management. This is because when interns 

have trouble or request regarding their internship, the Human Resource Director was able to solve the 

matter in to hand even though it took 1 or 2 days. It can be said that the Human Resource Director’s 

respond was relatively fast. Interns were quite pleased by the management and the organization itself. 

4.2.3.7. Seventh Hypothesis 

For the seventh hypothesis, H71 which states that working hours do not significantly affect internship 

satisfaction, is accepted. H71 is accepted due to the fact that the value of its T count (1.087) is lower than 

T table value (1.982). The value of Sig also shows that it (0.279) is higher than the 0.05, the value of the 

chosen alpha. However, working hours are only able to influence internship satisfaction level by 1.14% 

which can be considered to be insignificant. In many cases, interns experience the long and inflexible 

working hours of the hospitality industry which results in dissatisfaction of the interns. Overtime is 

typically required especially during high season and holidays when the workload is heavier. Most of the 

time, organizations view the interns as people who can help them decrease the amount of work they are 

having instead of seeing them as students. This mostly happens to organizations that do not employ a 

sufficient number of employees. Instead of hiring employees, organizations make the use of interns. In 

some cases when interns are not paid for working overtime they feel unmotivated and unappreciated. 

This in turn results in interns being dissatisfied (Marinakou, 2013) (Seyitoğlua & Yirika, 2014). 

In related to the result and journals, the issue regarding the working hours in this study is that 

interns were overworked most of the time especially during high season where there were plenty of 

events occurring. When such occurrence happened, management takes advantage of the servers in this 

restaurant, both full time employees and interns, to work during such events. The reason was that, the 

restaurant did not have enough personals to work. They did not hire anyone who worked under banquet. 
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As a result, interns could work for almost 12 hours or in some cases more. Also, when interns have 

worked more than the required hours they did not get any additional pay for their hard work and time as 

appreciation. These displeasing conditions what cause the interns to feel dissatisfied with their 

internship. 

4.2.3.8. Eighth Hypothesis 

H81 is accepted because the value of T count is 2.609 which is higher than the value of T table. The 

value of is Sig (0.010) is lower than 0.05 which is the value of the chosen alpha of this study. The R 

square value also shows that esteem needs influence internship satisfaction level by 6.20%. The 

statement of H81 is esteems needs significantly affect internship satisfaction level. Esteems needs can be 

achieved by getting appraisal or awards from supervisor or co-workers after doing a very good job 

(Ramlall, 2004). According to Herzeberg’s Motivation-Hygiene Theory, achievements, recognition and 

responsibility are considered to be factors that can lead to satisfaction. When supervisor or co-workers 

recognise interns’ work after doing a good job, interns feel as if they are appreciated and recognised for 

their skills. Moreover, when supervisor and co-workers give interns to complete a harder task, interns’s 

satisfaction will increase. This is because interns feel as if they are being helpful, important, trustworthy 

and cooperative for their hard work and skill (Tse, 2010). 

In addition to this based on the observation, esteems needs can be considered a very important 

matter because interns need recognition in both their skills and knowledge. When an intern’s skills and 

knowledge is considered to meet the standard of the supervisors and co-workers, they will get a harder 

job to complete in return. Such example can be from only delivering food and drink to taking the guests’ 

order. Another example is acquiring their own account in the system for entering the guests’ order and 

being in charge in a restaurant section by themselves. In this case, such circumstances are  very valuable 

to interns because interns feel as if they are on the same level as the full time employees. Only full time 

employees own a personal account and being in charge in  restaurant section. For interns, such change 

in job is very important because they think that they are qualified for a higher level of task difficulty. 

In summary, the objective of this research is to determine whether there is a significant relationship 

between working environment and internship satisfaction level. It is also to determine whether the 

dimensions of working environment significantly affect internship satisfaction. The said dimensions are 

learning opportunities, supervisory support, career development opportunities, co-workers support, 

organization satisfaction, working hours and esteems needs. According to the result of this study, there 

is a significant relationship between working environment and internship satisfaction level by 59.3%. 

This means that working environment influences internship satisfaction level by 59.3%. Thus it can be 

said that working environment is an important factor in attaining internship satisfaction and it is very 

important for organization to make a pleasant working environment for interns. There are 4 dimensions 

of working environment that significantly affect internship satisfaction level which are learning 

opportunities, career development opportunities, organization satisfaction and esteem needs. In oppose 

to this, there are 3 dimensions of working environment that do not significantly affect internship 

satisfaction level which are supervisory support, co-workers support and working hours. These 

dimensions lead to dissatisfaction instead. Organization satisfaction is the strongest predictor of 

internship satisfaction level  while co-workers support is the weakest predictor. 

Furthermore, in accordance with the results of this study, improvements could be made to 

create a better more meaningful internship program that can lead to interns being satisfied. Firstly is to 

set objective and make a list of tasks that interns should be able to perform before their internship 

program ends. All these should be printed on a piece of paper and given to the interns before the 

internship starts. All the tasks must be thoroughly completed and checked by the supervisor(s) and the 

paper should be submitted on the last day of their internship. Interns will then be aware of their duties. 

This as a result will make the internship more meaningful because interns will have something to 

accomplish during their internship period. It is also necessary to conduct a proper orientation for the 

interns. Since organization satisfaction has the strongest effect towards internship satisfaction level, it 

will increase the satisfaction by conducting a proper well-organized orientation program. In the 

orientation program, brief company profile, owner and managers of the organization should be 

introduced so interns will be familiar with them. Orientation program will create a positive judgment 

about the company and the job itself. If interns are satisfied with both the internship and the 

organization they do their internship, there will be a chance that interns will choose to go back working 
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in the said organization. Organization does not have to spend unnecessary budget on the process 

because organization can directly contact the interns using email which does not involve any cost.  

5. Conclusion and Reccommendation 

It is very important to conduct training for all the employees of importance of internship and its effect 

towards the organization. It should be stressed out that the purpose of the internship is to make interns 

more knowledgeable, skillful and more experienced. Also, it should be pointed out that internship 

should be able to guide them in choosing the career they desire in the future. Employees should be 

trained on the major key points in building a positive relationship with the interns as according to the 

result of this study where both supervisory and co-workers support creates dissatisfaction instead of 

satisfaction. This in turn will make interns feel welcome, less worried and anxious. It is very important 

to make interns feel under these conditions because if not there possibly be a chance for them to quit 

before the internship program even ends. Organization should also transfer several service employees 

or possibly open recruitment for internship under banquet department. One of the problems this 

company is facing is lack of personals. This company does not employ any employees to be working 

under banquet at all. It only has 2 banquet managers which in fact banquet operation will be impossible 

to run with just 2 people. As a result, the company makes use of the service employees and interns in 

helping the banquet. This results in overly exhausted employees and interns which leads to 

unproductive performance on the next day. Lastly, interns should get additional pay for overtime. The 

company does not necessarily need to give much, but a little additional allowance will be considered as 

gratitude by the interns in turn for their hard work. 

However on the education side, education institution should also take some action in order to 

create a more satisfying internship experience, as there is a difference between students’ expectation 

and the reality of events happening during their internship. Education institution should very well 

inform the students about the conditions of working in hospitality industry. Education institution should 

be able to inform the students regarding the work, environment and situation of working in the 

hospitality industry to prepare them. This is because students most of the time have a high expectation 

on their first working experience and when they jump into the industry itself, their expectation does not 

usually meet. This is also what creates dissatisfaction in the internship. 
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Abstract: Investable, revolution industry 4.0 that is based on integration of the online world, 

has an impact on all business sectors. It also felt by Herry Furniture, which is still sells office 

furniture conventionally. The company needs to improve its service and business models in 

order to stay competitive. The company needs to improve connectivity interaction and 

communication with customers. For that we have done the analyze and develop The company’s 

business model canvas. To find the appropriate strategy, it will be developed by using SWOT 

analysis that analyze current business model canvas. The strategy obtained is using website as 

media for sales. This is supported by doing feasibility study (using TELOS) that value 8.4. After 

that, there is an analysis of business development’s success by using balance scorecard method. 

It is said that the strategy effectively allows to improve the measurements of each choice in 

business model canvas to meet organization’s goal. The sales also increased up to average 

12.8% each month compared to sales using website and store. This strategy is then applied to 

company’s business model canvas which resulting development on its three pillars which are 

key partners, key activities, and channels. 

Keywords: business model canvas, balanced scorecard, SWOT analysis, and e-commerce 

1. Introduction 

Revolution industry 4.0 that is based on integration of the online world, has an impact on all business 

sectors. The impact leads to a rapid business growth and this affects on company’s competition that is 

getting tighter. Statistics Indonesia stated there is enhancement in amount of company in Indonesia with 

value 3.98 million new company for period 2006-2016. Figure 1 shows the number of furniture 

production since 2012 has a positive trend, even though the industrial growth fell sharply in 2012 and 

later in 2016.  

Figure 1. Product domestic bruto and growth of furniture industrial from Dataindustri Research 

Hence, every company is forced to develop their business in order to be able to compete with 

the competitors. One of the method for business developing is creating strategy, moreover strategy itself 

is not sufficient. Good and proper business model is also needed to develop company’s business.  

Business model canvas is an organization’s activity that creates, delivers, and evaluates 

company’s values that can be reached by customers. There are some tools to evaluate a business model, 

one of them is business model canvas. Business model canvas is the basic idea how a company creates, 

delivers until the value can be captured by the customers.  
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Business Model Canvas according to Osterwalder and Pigneur (2010) consists of nine elements 

which are customer segments, value proposition, channel, customer relationship, revenue stream, key 

resource, key activities, key partnership and cost structure. 

The company is one of organization that still growing their business from 2015. This company 

is a distributor of office’s furniture and still runs their business conventionally with opening their store 

that located in North Jakarta. In this era of globalization, The company is facing some difficulties to 

grow their business. Hence, it is necessary to analyze and develop business model canvas on the 

company. 

2. Methodology 

Refers to the method used by Batocchio, Minatogawa, & Anholon (2017), the series of stages to 

develop a business in this research are: 

1. Analyze the company’s current business using Business Model Canvas, then analyze the 

weaknesses and strengths of each components of the business model using SWOT  

2. Prepare and design the data that will be needed for process developing according to taken strategy 

3. The strategy has been applied and tested in the company for a moments  

4. The result of strategy implementation are analyzed by using Balanced Scorecard in order to see 

whether the strategy works for developing. 

5. Create a recommend business model canvas for the company 

3. Analyzing and Designing Business Model Development 

According to the business processes running in the company, every transaction will occur when 

customers come to the store. When customers order products, they have to pay 50% of their total 

payment as a guarantee that they will not cancel the order. Then company would create a purchase order 

to the supplier. Supplier would deliver the products to company’s store, so that the company would 

check whether the product is defect. If the product is defect, company would return to supplier in order 

to either fix or replace with new product. In the other hands, if the company found no defect, the product 

would be delivered to customer. While the product is delivered, customer should when the remaining 

payment and sign the delivery order that courier give. After that, courier will give the signed-delivery 

order to the company in order to record sales data.  

Generally, company’s income is only by selling product through store and reseller. Figure 2 

performs company’s income historical data from February 2016 – January 2018. 

 

Figure 2. Company’s Income Historical Data. 

Income of the company tends to increase from June until the end of the year. This can be 

happened because in June, educational institution usually renovate their classes in order to welcoming 

new academic year. In the other hand, there are also some customer segment in the company as in figure 

3. 
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Figure 3. Company’s Income Historical Data by Its Customer Segments. 

The company has difficulty to increase the number of buyer from individual and educational 

institution. This can be caused of company’s focus for prioritizing office than individual or educational 

institution. This company also only sell their product around store area such as Jakarta, Bogor, Depok, 

Tangerang, Bekasi as in the figure 4. 

 

Figure 4. Company’s Income Historical Data by Delivery Area 

3.1. Current Company’s Business Analysis 

The analyzed results using business model canvas that consists of 9 pillars which are:  

1. Customer segments 

Customer is the fundamental aspect in business transaction. The company divides their customer 

into 4 segments that are office, government institution, individual and educational institution. 

From the presented customer segments, office is the prioritize for the company. 

2. Value Proposition 

This pillar consists of values that company deliver to their customer. The company is product 

oriented, so that product quality is truly matter for company. In addition, product that company 

sell can be dimensionally customized as customer’s order. However, this company also sell the 

product with affordable price since they order directly to the supplier. 

3. Channels 

The company only has two channels from direct and indirect. From direct channels, company sells 

the product through their store. On the other hand for the indirect channels, company sells the 

product through reseller.  

4. Customer Relationship 

The company rarely meets loyal customer, hence they only have transactional relationship and 

personal assistance.  

5. Revenue Streams 

The company only gets revenue from selling product through their store. 

6. Key Resource 
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Resources that important for the company are products, supplier, human resource, and logistic. 

7. Key Activities 

This pillars consist of activities that company do for delivery their service to customer. The 

important activity for the company is to maintain and improve their product quality. However, it is 

also important to maintenance good relationship with customers and suppliers. 

8. Key Partnerships 

There are two important aspects for the company, these are supplier and reseller of office 

furniture. 

9. Cost Structure 

The company has two kinds of cost structure that are fixed cost and variable cost. Fixed cost 

consists of employee salary, electricity charge, water charge, and telephone charge. However 

variable cost also consists of cost of product’s delivery, delivery administration, truck 

maintenance, and income tax.  

The current business model canvas of the company shown on figure 5 in accordance with the 

depiction method by Rosing, White, & Man (2012). 

 

Figure 5. Company’s Business Model Canvas. 

The SWOT analysis of current business model canvas in order to discover company strength, 

weakness, opportunity, and threat for every pillars (Harrison, 2010).  

1. Customer Segments 

Strength for this pillar is the company has big segments such as offices and government 

institution. The weakness is the company only relies on buyer that come to store, hence the 

company not be able to increase number of buyer. Company opportunity is to endeavor the 

increasing number of customer for each segment such as advertise the company in the internet. 

Threat for company is competitors that have similar customer segment. 

2. Value Proposition 

Company strength for this pillar is product dimension that able to be customized as customer’s 

demand. On the other hand, weakness in this pillar is company only sell product by supplier’s 

design. Then opportunity for company is to develop their product design. Threat for company is 

competitor that accept customized design order from customer. 
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3. Channels 

Company strength for this pillar is the company has indirect channel that is reseller and the 

weakness is only has one direct channel that is store. Opportunity for develop this pillar is creating 

website as company selling media. Threat for company is competitors that already have branches 

in many areas. 

4. Customer Relationships 

Strength for this pillar is the company able to help and mentoring customer for a transaction 

individually and generally the owner that directly helps customers. Weakness of the company is 

the company only has transactional relationship, hence it is rare to meet loyal customer for the 

company. Opportunity for company is using internet for interact with customer easily such is 

social media, electronic mail or website. Threat for company is losing loyal customers. 

5. Revenue Stream 

Strength for this pillar is company able to analyze income report easily. The weakness of company 

for this pillar is the company only relies income on selling product. Opportunities for company is 

open paid advertising service. Threat for company is inflation that caused decreasing on sells. 

6. Key Resources 

Strength for this pillar is the company has their own logistic, hence they can assure the delivery 

timely. Weakness of the company for this pillar is lacking of human resource. However the 

opportunity for this business is to increase the number of supplier. The threat for company is 

inflation that affects supplier’s value get higher and leads to decreasing sells number. 

7. Key Activities  

Strength for this pillar is company always ensures their product quality directly to supplier. 

Moreover, the weakness of company is the company still not be able to optimize the loyal 

customers. Opportunity for company is to develop their product towards trend nowadays. Threat 

for company is inflation that leads to downgrading product quality. 

8. Key Partnerships 

Strength of the company in this pillar is the success of relationship with supplier. This is proven by 

products that able to be customized. Weakness of the company is there is no written agreement 

between company and reseller. Opportunity for company is the company will be able to increase 

sells number if they can advertise their special customized product. Threat for company in this 

pillar reseller will be able to sell the product illegally. 

9. Cost Structure 

Strength for this pillar is organized cost structure as company differs in two types of cost both 

fixed and variable. Weakness of the company in this pillar is historical data still recorded manually 

that leads to presence human error. Opportunity for company is an easiness in analyzing cost 

structure in terms of any inflations. Threat for company is retarding business growth because of 

the system that still record the data manually. 

From presented SWOT analysis above, chosen strategy objectives to covering company’s 

weaknesses and decrease threat. From those weaknesses, through interview with the owner, he 

demanded to focus the developing on customer perspective. Hence, chosen strategy is to improve 

interaction business to customer (B2C) by ecommerce. 

3.2. Designing Business Model Development 

The strategy is to develop website for selling and span their market to reach their customer. Hence, this 

section discusses designing business model development application  in the form of a website using the 

system development life cycle that consist feasibility study and master data required and the business 

process flow refers to what is  conveyed by Granfelt (2017). 
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3.2.1. Feasibility Study 

Objective of this section is to discover whether the company is feasible to develop website. Because of 

the strategy is attached with information system, hence TELOS feasibility study will be used refers to 

the method of assessing the feasibility of the system used by Prakoso and Herlawati (2017). In this 

stage, feasibility study will be scored by system developer, company owner, and user. The scoring 

scales that will be used to analyze the result of this stage are 0-2.0: not feasible, 2.1-4.0: less feasible, 

4.1-6.0: moderate, 6.1-8.0: feasible, and 8.1-10: totally feasible. 

1. Technical Feasibility 

From required technical feasibility that consists hardware, software, database, and infrastructure, 

company technical is able to develop website. Hence, score for this technical feasibility study is 

8.0. 

2. Economic Feasibility 

There is no additional cost for developing this business model since the company already has 

computers and network. In addition, website also developed by open source that is Wikipedia for 

e-commerce. However, applying website for sales will be advantageous for the company. Hence, 

score for this economic feasibility study is 9.0. 

3. Legal Feasibility 

This aspect shows whether this business model development would break government’s law. 

Since Wikipedia is legal in Indonesia and website’s data does not contain sensitive element, then 

scoring for this legal feasibility is 9.0. 

4. Operational Feasibility 

Currently the company only sells their product through their store. Sales department has average 3 

hours idle of 8 hours productive time. This department will be a user that managing the website. 

Hence it is still possible to develop website for the company, then scoring for this operational 

feasibility is 7.5. 

5. Schedule Feasibility 

Designing business model development will run for 4 weeks and after the website is developed, 

data will be collected for 5 months in order to see whether the website is profitable. Since the 

website is quite easy to develop, hence the scoring for this schedule feasibility is 8.5. 

Average result of all the feasibility study value 8.4 and it means that the company is totally 

feasible to develop website for their sales. 

3.2.2. Required Master Data 

There are three kind of master data needed for conducting the website that are supplier master data, 

product master data, and user master data.  

1. Supplier Master Data 

There are 23 companies that always supply company’s product. Every company will be included 

with supplier code identically in order to simplify supplier searching through system.  

2. Product Master Data 

In the company, there are 8 categories of product that are chair, desk, filing cabinet, locker, 

shelves, wooden filing cabinet, safety-deposit box and partition. Hence, the product’s code is 

identic with its categories and its brand company.  

3. User Master Data 

User that will manage the website is sales department in the company. User now has additional job 

that is to manage sales via website. 

3.3. Application and Analysis of Developing Business Model 

After implementation of design web application, we collect data and analysis towards balanced 

scorecard.  
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Figure 6. Date of Sales After Developing 

Figure 6 shows sales data after developing business model using website. Number of sales from 

website still lower than store, this happened because website just only developed for these 5 months. 

The figure 7 performs an increase on sales compared to amount of sales last year with average increase 

value 19.27% on each month. 

 

Figure 7. Comparation Sales Data Between 2017 and 2018 

In addition, the company is also able to span their business via website which showed by 

application result. The result shows that the company accepted order from Kalimantan and Sumatera as 

in figure 8.  

 

Figure 8. Comparation Sales Data Divided by Delivery Area 

Not only able to span the market, developing website also helps company reach their costumer 

especially individual customer segment. Figure 9 and 10 below show an increase in number of customer 

from individual with average value until 41.8%. 
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Figure 9. Sales Data by Customer Segment 2017 

 

Figure 10. Sales Data by Customer Segment 2018 

3.4. Analysis The Result of Developing Business Model 

The success result of developing business model canvas using balanced scorecard. Strategy that chosen 

for developing business model canvas is only focus on customer perspective. Hence, pillars that will be 

analyzed are only those that belong to customer perspective such as customer segments, customer 

relationship, and channels.  

1. Customer Segments 

There are four choices of customer segments, that are offices, government institution, individual, 

and educational institution. Table 1 shows balance scorecard of customer segments pillar. 

Table 1: Balance Scorecard: Customer Segments 

Choices Indicators Current Goal Initiative Result

Offices
Amount of Buyer 

From Offices
581 1000 729

Government 

Institution

Amount of Buyer 

From Government 

Institution

346 750 400

Individual
Amount of Buyer 

From Individual
141 500 409

Educational 

Institution

Amount of Buyer 

From Educational 

Institution

110 450 0

Developing 

Business 

Model 

Canvas 

Using 

Website for 

sells

 

From table 1, after initiative applied, most of every choice increases the number of buyer. 

Especially, the company desires to increase and reach each customer segment especially individual 

customer segment.  

2. Customer Relationship 

Customer relationship has two choices that are transactional relationship and personal assistance 

as in table 2.  
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Table 2: Balance Scorecard: Customer Relationship 

Choices Indicators Current Goal Initiative Result

Transactional 

Relationship

Average 

Transaction Made 

for a day

321 500 368

Personal 

Assistance

Average Response 

Time for Clients
4 hours 1 hours 3 hours

Developing 

Business 

Model 

Canvas 

Using 

Website for 

sells

 

3. Channels 

There are two choices in channels that are direct channel and indirect channel as shown in table 3. 

There are 2 indicators for direct channel and one indicator for indirect channel. Initiative leads to 

an increase for some indicators to meet company’s goal. 

Table 3: Balance Scorecard: Channels 

Choices Indicators Current Goal Initiative Result

Amount of Store 1 2 1

Direct Selles 

Media
1 3 2

Indirect 

Channel

Amount of 

Reseller
1 1 1

Direct 

Channel

Developing 

Business 

Model 

Canvas 

Using 

Website for 

sells  

All balanced scorecard for each pillar leads to an increase for every indicator to meet business 

goal. Hence, develop business model canvas using website as media sales is effectively able to develop 

the business more.  

3.5. Recommend Business Model Canvas 

After analyzing the success of development business model canvas using website, then the strategy 

applied to company’s business canvas. Hence, there are developing in some pillars. Figure 11 shows 

recommended business model canvas for the company. 

 

Figure 11. Recommend business model canvas for the company 
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4. Conclusion 

In order to answer the objective of this research, business model canvas development was analyze by 

using SWOT analysis that helps company to know their strength and weakness and conclude it with a 

strategy. This strategy then be focused on customer perspective only. Result of the application website 

was be recorded for 5 months and if the result compared with sales income last year, there is an increase 

with average value 12.8%. In addition, every balanced scorecard lead to an increase in every indicators. 

Hence, apply website for data sales can be developed and analyzed effectively. 
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Abstract: Online hotel reviews is an important source for customers to find out the products and 

service quality. Online hotel reviews consist of reviews and ratings. The best online reviews 

website in TripAdvisor. In this era, online reviews are really important and could affect customer 

preferences in choosing a hotel. The aim of this research is to analyze in what extent do online 

reviews and ratings affect customer preferences. This study use survey by distributing a total of 

100 questionnaires in order to gain the data. Then, the data will be proceed through SPSS to test the 

validity, reliability, classical assumption, and multiple regression analysis. The results indicated 

that both of the variables (online reviews and ratings) positively impact customer preferences in 

choosing a hotel. However, online reviews has a bigger impact towards customer preferences 

rather than online ratings. It is recommended for TripAdvisor to weed out the fake reviews and 

guarantee the trustworthy reviews. For the hotel managers, it is recommended to response both, 

positive and negative reviews that made by customers in TripAdvisor, because it could change 

someone’s perceptions into the good feeling of the hotel. 

Keywords: Online reviews, Online ratings, EWOM, TripAdvisor, Customer preferences 

1. Introduction 

Nowadays, the internet is the predominant of travel arrangements and has become a new channel for the 

distribution of tourism information (Buhalis et al., 2008). Internet plays an important role in business 

today in connecting people around the globe. According to  Gerwin (2017), In the tourism and hospitality 

industry, there are a lot of traveller websites that provides comprehensive information, such as 

TripAdvisor, Booking.com, Hipmunk, and Expedia. However, according to Banerjee & Chua (2016), 

TripAdvisor is the world’s most largest and popular travel website community. There are more than five 

million users who visit the website 30 million times per month on average. TripAdvisor has 435 million 

reviewers and opinions in it (Xiang and Gretzel, 2010). In addition, PhoCusWright concluded that 92.3% 

of customers open TripAdvisor as their main travel website (TripAdivisor, 2013). TripAdvisor also 

provides travel guide informations, such as hotels and vacation rental in the surrounding area, flight 

tickets, top places to go, top restaurants to eat, and things to do. 

2. Literature Review 

2.1. Internet 

Today, the internet is the most powerful tool in the world, a collection of various services and resources. 

Internet gives a huge impact to everyone lifes especially in this digital era. In the tourism industry, internet 

is the major of travel arrangements and has become a new channel for the distribution of tourism 

information (Buhalis et al., 2008). Internet plays an important role in business and connecting people 

around the globe. 

mailto:isabellanatasha25@gmail.com
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2.2. Social Media 

Social media are the various platforms, generally internet based, that enable communication among users 

using a unique frame of reference. Social media has been cited as a methodology for reducing the 

knowledge translation gap, creating communities of practice, and reducing traditional hierarchical 

divisions. (Roland, 2018). 

2.3. Online Review Website (TripAdvisor) 

Today, online review website significantly influences customer behavior and attitude towards customer 

decision (Xie et al., 2015).  

2.4. Online Reviews 

According to Omer et al. (2014), online reviews can be described as a communication platform that 

provides information to consumers about the function of the products and services through internet-based 

technologies. Reviews are text-based and often comprise of large information repositories beyond the 

analytical capabilities of traditional econometric and statistical methods (Guo et al., 2017). 2017). 

2.5. Ratings 

Ratings are numerical and easily understood but have a huge impact on hotel sales. As part of the review 

process, reviewers are able to allocate star ratings to hotels (one to five stars) in five specific aspects 

including hotel location, cleanliness, hotel room experience, service quality, value of money, as well as an 

overall rating of satisfaction (Guo et al., 2017).  

3. Methodology 

3.1. Population and Sample 

The target population for this study have several criteria. Firstly, the population is hotel customer and 

should have known about online hotel reviews. Secondly, the population are lives in Indonesia. Using 

sample to study and find the result that could be generalized as the population point of attention (Sekaran 

& Bougie, 2013).The one who uses TripAdvisor as their media to read the online reviews and choose a 

hotel through online review preferences is the criteria to be a sample of this study. 

3.2. Sample Size 

This study will use Z test for a sampling size. Z test is use to measure the sample and determine how many 

samples will be used in this research, thus the population is unknown. Here is the formula:

 

 

Whereas: 

n = Sample size Z = Z value 

  = Standard Deviation e = Margin 

of error 

  

 
 

    

The confidence level used for determine the sample is 90% (1,645) with 10% margin of errors. 

The calculation shows the minimum number of sample is 68. Therefore, the required respondent is 

68. However, to maximize the result, there will be 30 respondents added for the pre-test. A total of 100 

respondents will be taken as a sample for this research. In addition, according to Febriana and Munawaroh 

(2015), if the sample size are below than 100, it is too small, 100-200 is medium. 

3.3. Data Collection Method 

100 questionnaires will be distributed to the representative sample according to the target market within 

the population. The questionnaire in this study was made using open and closed questions and using likert 
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scale type by using the five-point scale in order for the respondent to choose how strongly he or she agree 

or disagree with the question given. Likert scale is a tool to measure which item or the grain of the 

questions contains a tiered choice, while in this study is given a scale of 1 - 5. 1 is the lowest scale that 

means strongly disagree, in contrast 5 is the highest scale means strongly agree. 

There are a total of 3 variables; Rating (X1), Review (X2), and Customer Preferences (Y). All the 

variables using ordinal scales. In this research, there are 5 rating scales from strongly disagree (1) until 

strongly agree (5). X1 has 5 questions, X2 has 5 questions, and lastly Y has 5 questions. In conclusion, 

there are a total of 15 questions in main variables part. 

a. Data Collection Method 

 
 Hypothesis #1: 

H0 : Reviews have no impact on customer preference in choosing a hotel. 

H1 : Reviews have an impact on customer preference in choosing a hotel. 

 
 Hypothesis #2: 

H0 : Ratings have no impact on customer preference in choosing a hotel. 

H1 : Ratings have an impact on customer preference in choosing a hotel. 

4. Result & Discussion 

TripAdvisor users in Indonesia have been participated in the study, which the number of respondents 

meets the minimum required sample for this study. Based on the collected data that has been spread to 100 

respondents, most of the TripAdvisor users are female with the number of 67 respondents (67%). 

TripAdvisor users are mostly in the age of 20-30 years old (53%) and 31-40 years old (44%). 73 

respondents are live in Jakarta, which is the highest number of domicile profiles, moreover the highest 

number of occupational profile is employee with the number of 64 respondents. Lastly, 57% of the 

respondents admitted that they always use TripAdvisor as their travel guide. 

4.1. Multiple Regression Test 

The regresion using more than one independent variable is called multi linear regression (Deryakulu & 

Büyüköztürk, 2002). In this study, through variate regression analysis, the relations between rating and 

review towards customer preferences are analysed, the equation representing the linear relations between 

the variables are formulated (Uyanik & Güler, 2013). 
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Table 1. Correlation of X1 and X2 towards Y 

Model Summary 

 

 
Model 

 

 
R 

 

 
R Square 

Adjusted 
R 
Squar
e 

Std. Error of 
the 
Estimate 

1  .573a .328 .314 2.076 

a. Predictors: (Constant), RASUM, RESUM 

Source: Data Processing Result 

Based on the table 1, R score of X1 and X2 – Y is 0.573. It represents the value of R. R can also be 

considered as simple correlation coefficient (Malhotra and Birks, 2007). It shows the correlation between 

independent variables and dependent variable. 

Range score of R is 0-1, the higher the correlation coefficient, the stronger and greater relationship 

they have. If R has 0 score, that means there is no linear association between the variables (Hair et al., 

2010). 

According to R value interpretation, it can be concluded that R value of X1 and X2 – Y (0.573) is 

moderate association. 

On the other hand, the “Adjusted R Square” column represents a modified version of R Square 

that has been adjusted for the number of predictors in the model. 

As it is shown on the table above, the Adjusted R Square of X1 and X2 – Y is 0.314, it means online 

reviews and ratings explain 31.4% of the variability of customer preferences and the rest of the percentage 

is explained by other independent variable(s). 

Table 2. The Influence of X1 and X2 towards Y 

 

Model R R Square Adjusted R Square 

Reviews (X1) 0.74

9 

0.561 0.538 

Ratings (X2) 0.55
3 

0.306 0.269 

Source: Data Processing Result 

According to the table above, the adjusted R square of X1 shows reviews positively impact 

customer preferences by 53.8% and adjusted R square of X2 shows ratings positively impact customer 

preferences by 26.9%. Therefore, it can be seen that reviews has a greater impact than ratings in affecting 

customer preferences in choosing a hotel. 

4.2. Hypothesis Test 

Hypothesis test is the main goal of this research and it’s used to determined whether a hypothesis can be 

accepted or not. In this research, there are two ways to do a hypothesis test; 

 Partial  : Using t-Test 

 Simultaneous : Using F Test 

In this research, there are a total of two hypothesis that will be analyzed. The first one is the 

relation between online reviews (X1) and customer preferences (Y). Secondly, the relation between online 

ratings (X2) and customer preferences (Y). 
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4.2.1. T-Test 

T-test is conducted to find out whether each independent variables partially predict or not predict the 

dependent variable. The H1.1 and H2.1 will be accepted if tscore > ttable and Sig. <0.05. On the other hand, the 

H1.0 and H2.0 will be accepted if tscore < ttable and Sig. > 0.05. 

Ttable score can be found by using the degree of freedom (n-k-1) with confidence level of 95% or   

= 5%. Whereas: 

N : Total sample 

K : Total variables Degree of freedom = n – k – 1 

100 – 2 – 1 = 97 

With degree of freedom 97, and   0.05 (2 tails), it can be found that ttable score is 1.9847. 

Table 3: Hypothesis Test with T-Test Coefficientsa 

 

a. Dependent Variable: CPSUM 

Source: Data Processing Result 

Based on the table above, it can be shown that tscore for variable reviews (X1) – customer 

preferences (Y) is 3.267 (> 1.9847) with sig. 0.002 (< 0.05). Tscore for variable ratings (X2) – customer 

preferences (Y) is 3.035 (> 1.9847) with sig. 0.003 (< 0.05). Therefore, the hypothesis test of H1.1 and H2.1 

using t-Test are both accepted. 

4.2.2. F-Test 

F-test is conducted to find out whether each independent variables simultaneously predict or not predict 

the dependent variable. The hypothesis will be accepted if Fscore > Ftable and Sig. < 0.05. 

Ttable score can be found by using the formulation as follows: (k; n-k) with confidence level of 95% 

or   = 5%. Whereas: N : Total sample 

K : Total independent variables 

K; n - k 

2; 100 – 2 = 98 

With the number of 98, and   0.05 (2 tails), it can be found that Ftable score is 3.089 
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Table 4: Hypothesis Test with F-Test  

ANOVAb 

 
 

Predictors: (Constant), RASUM, RESUM 

Dependent Variable: CPSUM 

Source: Data Processing Result 

Based on the table above, it can be shown that Fscore is 23.661 (> 3.089) with sig. 0.000 (< 0.05). 

Therefore, the hypothesis test of H1.1 and H2.1 using F-Test are both accepted. 

4.3. Hypothesis Test Summary 

According to the hypothesis test that has been conducted, there is a hypothesis test summary to conclude it 

all. 

Table 5: Hypothesis Test Summary 

Hypothesis t-Test (Partial) F Test (Simultaneous) Hypothe

sis 

Conclusi

on 

t score > 

t 

table 

(1.98

47) 

Sig. < 0.05 F score > 

F table 

(3.089) 

Sig. < 0.05 

H1.1: RE-CP 3.267 0.002  

23.661 
 

0.000 
Accepted 

H2.1: RA-CP 3.035 0.003 Accepted 

Source: Data Processing 

Based on the table above, it can be concluded that H1 in hypothesis #1: “Reviews have an impact 

on customer preference in choosing a hotel” is accepted and H0 is rejected. Moreover, H1 in hypothesis #2: 

“Ratings have an impact on customer preference in choosing a hotel” is accepted and H0 is rejected. 

4.4. Discussion about The Impact of Online Reviews (X1) On Customer Preferences (Y) 

According to Buhalis et al. (2008), online reviews give a big impact and influence customer decision 

making when selecting a product. In addition, online reviews are also believed as an important source to 

find out about product quality and service excellence (Dickinger, 2015). In this research, the result is 

positive, which means online hotel reviews have an impact towards customer preferences in choosing a 

hotel. 

According to the table of correlation of X1 towards Y, the adjusted R square is 0.538. Therefore, it 

can be concluded that online reviews have an impact on customer preferences by 53.8%. 

Based on the questionnaire that has been spread, almost all of the respondents are reading online 

hotel reviews before they book a hotel, they read online hotel reviews to find out the hotel’s service and 

product quality. Most of the respondents read online hotel reviews on lesser-known hotel or budget hotel 

than well-known hotels, that proves online hotel reviews have a bigger impact towards lesser-known 

hotels than well-known hotels. Positive reviews make respondents feel confident to book on that hotel. 

Moreover, the larger volume of online hotel reviews reflects that many people are interested in that hotel. 
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However, according to the respondents (33% said strongly agree and 34% said agree), they have a bad 

impression when they read some of the negative reviews. As Papathanassis and Knolle (2011) had 

observed, negative reviews spread faster than positive reviews. 

4.5. Discussion about The Impact of Online Ratings (X2) On Customer Preferences (Y) 

Nowadays, online ratings have become an important source of product information about the quality of 

services (Gavilan et al., 2018). The numerical scale of rating makes customer  easier to know about the 

product quality and its influence customer when choosing a product (Chen & Xie, 2008). In this research, 

the result is positive, which means online ratings positively impact customer preferences in choosing a 

hotel. 

According to the Correlation of X2 towards Y table, the adjusted R square is 0.269. Therefore, it 

can be concluded that online ratings have an impact on customer preferences by 26.9%, it has half smaller 

effect rather than online reviews (53.8%). 

Based on the questionnaire that has been spread, most of the respondents agreed that higher 

ratings indicate the hotel has a good reputation. In contrast, low ratings reflect that the hotel has a bad 

service and quality. Therefore, the level (low-high / 1-5) of ratings measure the value of the hotel. The 

respondents tend to choose a hotel with higher rating rather than lower rating, however high ratings are 

trustworthy if supported by a high number of reviews. 

5. Conclusion and Recommendation 

5.1. Conclusion 

The objective of this research is to find out in what extend online hotel reviews and ratings impact 

customer preferences in choosing a hotel. To answer the research questions, multiple linear analysis test 

on SPSS will be used to check whether the hypothesis is accepted or not. 

To conclude all the results, there are some important points from this research: 

 

1. According to the questionnaire that has been spread to 100 respondents, most of the TripAdvisor 

users are female with the number of 67 respondents (67%). TripAdvisor users are mostly in the age 

of 20-30 years old (53%) and 31-40 years old (44%). 73 respondents are live in Jakarta, which is the 

highest number of domicile profiles, 

2. moreover the highest number of occupational profile is employee with the number of 

3. 64 respondents. Lastly, 57% of the respondents admitted that they always use TripAdvisor as their 

travel guide. 

4. Online reviews and ratings influence customer preferences in choosing a hotel by 31.4%. 

5. Online reviews positively impact customer preferences in choosing a hotel by 53.8%. Therefore, the 

first hypothesis (H1.1) is accepted. 

6. Online ratings positively impact customer preferences in choosing a hotel by 26.9%. Therefore, the 

second hypothesis (H2.1) is also accepted. 

7. According to the result of the correlation, online hotel reviews has a bigger impact than online 

ratings in affecting customer in choosing a hotel. The correlation of X1 towards Y is twice bigger 

than X2 towards Y. 

5.2. Recommendation 

The results of this research have been able to provide some recommendations for managerial implication 

and further research. 

5.2.1. Recommendation for Managerial Implication 

Firstly, for TripAdvisor, there are a lot of people using TripAdvisor. However, everyone can make a 

review whether it’s fake or not. It is recommended to filter and weed out the fake reviews, thus only 

genuine reviews are shown. Take Zomato as an example, they have trustworthy reviews stamp on the 

application. On top of that, it will make the customers trust the reviews and assume that TripAdvisor is a 

trustworthy source. 
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Secondly, for hotel companies, customers are more reliant on online reviews because they assume 

customer reviews are more reliable than companies (Tong Bao, 2014). As it is also shown on the result of 

correlations, online reviews and ratings positively impact customer preferences in choosing a hotel. 

However, the customer will have a bad impression whenever negative reviews are occur, it is 

recommended for the hotel manager in response all the reviews, both positive and negative reviews, 

because it will change someone’s perception if the manager response nicely and will boost up the image of 

the hotel. 

5.2.2. Recommendation for Further Research 

There are some recommendations for future research who wants to observe the similar objects. 

This study focuses on online hotel reviews and online ratings, it is recommended to add more 

indicator or the value of the variables. Therefore, it can be seen which aspects has the most significant 

impact towards customer hotel preferences. 

Furthermore, this study focuses only on the hotel industry, it is also recommended to add or use 

another component of the object research, thus it can be used for a better purpose in another industry, such 

as F&B, online shopping, and so on. 

Last suggestion is to add the number of respondents and variety of questionnaire, in a purpose of 

getting more precise and accurate data in solving a problem. The future research might also use other 

approaches to gather the data and use another method for data processing. 
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Abstract: Third Culture Individuals (TCIs) are individuals who spent a significant part of their 

developmental years outside of their passport country, often associated with having cultural 

intelligence and intercultural communication competence. While TCIs are naturally exposed to 

various cultures as a result of their mobility, non-TCIs do not necessarily share the same traits and 

experiences growing up. However due to globalization this may no longer be the case and may 

perhaps be the reason why despite the differences, TCI and non-TCIs are similar in some way. TCIs 

are known for their ability to be accepting of different cultures; a characteristic often associated with 

cultural intelligence, from this it can be assumed that TCIs have a higher level of Cultural 

Intelligence than non-TCIs. 

So far there hasn’t been sufficient research regarding TCIs in general, which also applies in the 

Indonesian context. This study compares the level of Cultural Intelligence of both Indonesian TCIs 

and non-TCIs through a quantitate research using the Cultural Intelligence (CQ) scale that measures 

four dimensions; metacognitive, cognitive, motivational and behavioral. Data in this research were 

gathered from an online survey, from a total of 140 Indonesian TCI and non-TCI respondents that 

are currently living in Indonesia. Results showed that TCI samples have a higher level of Cultural 

Intelligence than non-TCIs, with motivational CQ being the dimension scored highest for both TCI 

and non-TCI samples.  

Keywords: third culture individuals, cultural intelligence, comparative study 

1. Background 

In a research done by Finaccord in 2013 titled “Global Expatriates: Size, Segmentation and Forecast for the 

Worldwide Market”, there were roughly 50.5 million expats worldwide which comprise about 3.2% of the 

world population, the figure was expected to reach 56.8 million by 2014. Among that population the 

number of young migrants reached 34.8 million in 2013, this is an important piece of evidence regarding 

the general population of third culture k0ids in the world. In terms of the largest number of expats living in 

a country, Qatar had the highest proportion of expats compared to its total population at 70.9%. Children 

who are living or have lived in countries like Qatar are most likely exposed with various kinds of cultures 

from people of different countries as well as their host country culture. To compete in the global world, an 

individual must be equipped with the knowledge and skills to behave in a manner that is suitable to a 

specific culture.Without doubt, cultural diversity will manifest within the global marketplace, making 

intercultural competence a very important skill. The ability to manage the interconnectedness of the 

diversity is a major skill employers look for (Bremer, 2006).  

Pew Research Center estimated that the total population of Indonesians living in the U.S. reached 

up to 113,000 in 2015. The increase in the number of Indonesian living as expats shows that more people 
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are moving to pursue an international career, usually to earn more than they do in their home country. 

Among the total number of Indonesian expats the majority age demographic are adults aged 30 to 49 with 

being 38% from 113,000 inhabitants. Around 21% are children under 18 years old, this population can be 

referred as to Indonesian Third Culture Kids, since they are living outside of their passport country during 

their developmental years.  

1.1. Research Objectives 

 To explore the differences and similarities in Cultural Intelligence between Indonesian TCIs and 

non-TCIs  

 To compare the different dimensions of Cultural Intelligence between TCIs and non-TCIs  

 To identify the highest Cultural Intelligence dimension scored among TCIs and non-TCIs 

1.2. Significance of Study 

Many literature reviews assumes that Third Culture Individuals have better intercommunication skills than 

their counterpart, however there is a lack of quantitative research about Third Culture Individuals and their 

intercultural communication skills or cultural intelligence. Due to globalization, the significance of third 

culture individuals has increased. Growing up among different cultures will soon become the norm – even 

for those who have never left their home country. With the presence TCIs everywhere in the world, citizens 

of the host country will have to live, interact and socialize with people with different cultural backgrounds. 

1.3. Hypotheses 

 H1: TCIs have a higher level of Cultural Intelligence than non-TCIs 

 H2: TCIs score higher in the behavioral CQ than non-TCIs 

 H3: Non-TCIs score the highest in cognitive CQ out of the Cultural Intelligence dimensions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

2. Defining Third Culture Individuals  

Third Culture Kids are defined as a person who has spent a significant part of his or her developmental 

years outside their parents’ culture (Pollock & Van Reken, 2010). However in this research TCK will be 

referred as TCIs (Third Culture Individuals) since this study looks at former third culture kids or adult third 

culture kids. Useem first articulated the term in the 1950s to describe “children who accompany their 

parents into another culture”. Third Culture Kids (TCK) frequently build relationships to all of the cultures 

while not having full ownership of any and feel a sense of belonging to others of similar background.  As 

the number of TCKs who become adults are increasing they are becoming more vocal through blogs, online 

communities and scholarly articles in various online and print magazines.  

Due to the ability to adapt to not only the cultures TCIs are exposed to firsthand but also to new 

people and situation, TCIs are sometimes considered to be better at adapting to new cultures since 

intercultural communication skills have been developed early. Therefore it is deeply rooted in their frames 

of reference. Keen observations are needed to make accurate perceptions about social cues and behavioral 

norms as TCIs have been found to score higher social sensitivity than monoculture individuals (Lyttle, 

2011). The Third Culture Model which explains the term ‘third culture’ wherein ‘first culture’ refers to the 

home or passport culture of the parents. The term ‘second culture’ refers to the host culture in which the 

family lives or moved. Therefore third culture can be referred to as a way of life that is neither like those in 

their home and host culture; but a lifestyle with many common experiences shared by others living in a 

similar way.  
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Figure 1.  Third Culture Model (Ruth E. Van Reken, 1996) 

Despite and because of the difficulties with living abroad “people do and must change some of their 

old ways in order to carry out their daily activities and achieve an improved quality life in the new 

environment” (Kim, 1995). Having experienced cultural differences directly during their developmental 

years and adopted features from various cultures, TCIs are often described as hybrids or cultural composites, 

which make them more open-minded and have greater perspectives than the general population. Cultural 

hybridity and expanded worldview allows TCIs to broaden their vision beyond national boundaries. Less 

prejudiced than monoculture individuals and tend to be more comfortable with diversity, this this attribute 

can be referred to as cognitive flexibility (Tarique & Weisbord, 2013).  

3. Cultural Intelligence  

Earley and Ang (2003) theorized that cultural intelligence is a multidimensional concept based on 

Sternberg and Detterman’s framework of the multiple foci of intelligence. Sternberg’s framework suggests 

that intelligence has different “loci” in one person, meaning that metacognition, cognition and motivation 

are mental capabilities that exists inside a person’s head, whereas overt actions are behavioral capabilities 

(Sternberg & Detterman, 1986).  It can be defined as an individual’s ability to function and manage 

effectively in culturally diverse situations.  

3.1. Dimensions of Cultural Intelligence  

Metacognitive CQ refers to an individual’s cultural consciousness and awareness when interacting with 

those from different cultural backgrounds which reflect an individual’s mental process to gain and 

understand cultural knowledge, including knowledge of and control over though process related to culture 

(Flavell, 1979). It encourages active thinking on people and situations when cultural backgrounds are 

different which generates critical thinking about assumptions, traditions and culturally bound thinking. 

Allowing individuals to evaluate and review their strategies to be more culturally appropriate and more 

likely to accomplish desired outcomes in cross-cultural circumstances.   

Cognitive CQ concerns an individual’s level of cultural knowledge (norms, practices and principles 

that has been acquired from educational and personal experiences) or knowledge of the cultural 

environment. Knowledge of culture influence people’s thoughts and behaviors, hence understanding a 

society’s culture and its elements allow individuals to better appreciate the system that shape and cause 

certain patterns of social interaction within a culture (Ang & Van Dyne, 2008).  

Motivational CQ is an individual’s capability to target attention and energy toward cultural 

differences. It is conceptualized that the motivational CQ is a distinct type of self-efficacy and fundamental 
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motivation in cross-cultural settings which plays an important part in successful intercultural interaction as 

it requires confidence and interest in narrative settings. As a source of drive, motivational CQ initiates effort 

and energy directed toward functioning in a cultural setting.  

Behavioral CQ reflects an individual’s ability to display appropriate verbal and nonverbal behavior 

when interacting with people from different cultures. It is often the most noticeable trait of social 

interactions, in cross-cultural situations nonverbal behaviors are vital because they act as a “silent 

language” and communicate meaning in subtle and concealed ways. 

4. Methodology 

4.1. Sampling Method 

Data collection in this research is limited to Indonesian citizens who are currently living in Indonesia. This 

comparative study explored two different groups; TCIs and non-TCIs. Survey was distributed through 

Google Forms sent electronically to chat groups (ex. Facebook) and personally to respondents. 

Convenience sampling method was used to collect data from the non-TCI sample population which 

involved in approaching non-TCIs living in South Tangerang and Jakarta area. Samples were also taken 

from university students and working adults to avoid sampling bias, since this study is not limited to 

students and adults aged 21-30 years. Given that the TCI population is a hidden social group and is hard to 

reach, snowball sampling was used to collect data from TCI respondents. Respondents were asked to help 

identify other TCIs that may be willing to take part in the study.  

4.2. Measurement of Variables 

The independent variables in this study are TCI and non-TCI samples. To measure the independent 

variable, statements based on the TCI characteristics are generated which includes; length of stay in host 

countries, number of languages spoken, educational background, number of countries travelled and their 

relationship with Indonesia (Pol/Van cultural identity model). The dependent variable in this study is 

cultural intelligence, measured with the Cultural Intelligence scale (CQ) developed by Ang & Van Dyne 

(2007) that consists of 20 items with four dimensions; metacognitive, cognitive, motivational and 

behavioral.  

Table 7: Respondent Demographic 

Given that this study looks at former Third Culture Kids who are now adults, respondents from age 

21-30 years old is the focus age group, mainly university or working adults residing in South Tangerang and 

Jakarta area, as the survey was distributed in said areas. TCI respondents must have lived outside Indonesia 

for at least one year, travelling experience also applies. Non-TCI samples include respondents who have 

never lived outside Indonesia during their developmental years, however travelling experiences are 

included. Since the questionnaire is in English non-TCI respondents must have an adequate knowledge in 

English in order to understand and answer the survey.   

 TCIs Non-TCIs 

Age 21-30 years old 21-30 years old 

Nationality Indonesian Indonesian 

Location South Tangerang & Jakarta South Tangerang & Jakarta 

Language Fluent in two languages or more Fluent in at least one language 

 

Abroad 

Experience 

Has lived abroad for at least 3 

years during their developmental 

years (<18) 

Has never lived abroad during their 

developmental years (<18) but may have 

travelled abroad 
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5. Results  

5.1. Comparing the level of Cultural Intelligence 

Table 2: Average score per dimension for TCI and non-TCI 

 Level of Cultural Intelligence 

TCI Non-TCI Mean 

Difference 

t-test 

M SD M SD Sig. (2-tailed) 

MC 5.110 .616 4.910 .931 .200 .136 

COG 4.964 .651 4.192 .985 .772 .000* 

MOT 5.251 .527 5.137 .932 .224 .374 

BEH 4.942 .601 4.737 1.081 .206 .166 

Note. *p= < .0001 

M= mean 

SD= standard deviation 

Sig= p value 

IV= TCIs & non-TCIs 

DV= level of Cultural Intelligence (7= highest; 4= moderate; 1= lowest) 

Generally, TCI samples score a higher mean in all Cultural Intelligence dimensions compared to non-TCIs 

with cognitive CQ showing the biggest differences in means (d=.77). We can see that motivational CQ has 

the highest mean for both TCIs (M= 5.25, SD= .53) and non-TCIs (M= 5.14, SD= .93). A high score in the 

motivational CQ suggests that individuals have the ability to channel positive energy in regards to cultural 

differences, as motivation is the source of drive for successful intercultural interactions. This also shows 

that both TCIs and non-TCIs are interculturally sensitive, exhibiting an individual’s willingness to learn, 

appreciate and to accept cultural differences to achieve a positive and successful interaction. In contrast, 

TCIs score the lowest in behavioral CQ (M= 4.94, SD= 60) while non-TCIs score the lowest in cognitive 

CQ (M= 4.19, SD= .99).  

5.2. Hypothesis 1: TCIs have a higher level of Cultural Intelligence than non-TCIs 

Based on the group statistics below, TCIs (M= 5.06, SD= .36) score a higher level of Cultural Intelligence 

than non-TCIs (M= 4.71, SD= .89). This test was found to be statistically significant, t(100.32) = 3.55, p < 

.05; d = .60. 

Table 3: Cultural Intelligence of TCI & non-TCI 
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TCI or non-TCI 

N M SD Std. Error 

Mean 

Sig. 

(2-tailed) 

CQ TCI 70 5.060 .362 .043 .00* 

Non-TCI 70 4.708 .743 .089 

Note. *= p < 0.05 

N= number of samples 

M= mean 

SD= standard deviation 

DV= level of Cultural Intelligence (7= highest; 4=moderate; 1= lowest) 

IV= TCIs and non-TCI 

Naturally, the time TCIs spent living abroad and experience as children plays a major role in 

shaping their individual self and who they become as adults. TCIs were already exposed to an environment 

they’re unfamiliar with, which forced them to adapt to it firsthand. Since they developed intercultural skills 

at an early age it is deeply embedded in their conscious. Non-TCIs do not have the experience of living 

abroad as children so they develop intercultural skills later than TCIs. However, just because they develop 

this set of skills later it they can develop intercultural skills by learning foreign language(s), reading books, 

articles and news about current global events, watching movies or TV shows and travelling abroad.  

5.3. Hypothesis 2: TCIs score higher in behavioral CQ than non-TCIs. 

Comparing the level of behavioral CQ of TCIs and non-TCIs, the group statistics below displays that TCIs 

(M= 4.94, SD= .601) have a higher mean of behavioral CQ than non-TCIs (M= 4.74, SD= 1.08).   

Table 4: Behavioral CQ of TCI & non-TCI 

 
TCI or non-TCI 

N M SD Std. Error 

Mean 

Sig. 

(2-tailed) 

BEH TCI 70 4.942 .601 .071 .167 

Non-TCI 70 4.737 1.081 .129 

Note. N= number of samples 

M= mean 

SD= standard deviation 

DV= level of behavioral CQ (7= highest; 4=moderate; 1= lowest) 

IV= TCIs and non-TCIs 

From the result of hypothesis 1 we already have an idea that TCIs have a higher level of Cultural Intelligence 

than non-TCIs. Based on their experience living abroad TCIs adopt intercultural skills earlier in their life 

than non-TCIs. In contrast, non-TCIs are more likely to engage in cross cultural interactions while 

travelling or during an abroad study program. Hence they are not as knowledgeable as TCIs in expressing 

verbal and non-verbal cues during intercultural communication, the reason for this is because they can they 

only stay for a short period of time compared to TCIs who spent years getting accustomed to the culture.  

5.4. Hypothesis 3: Non-TCIs score the highest in cognitive CQ out of the Cultural Intelligence 

dimensions 

Based on the results below, motivational CQ (M= 5.14, SD= .93) has the highest mean compared to the 

other three dimensions; metacognitive (M= 4.91, SD= .931), cognitive (M= 4.19, SD= .93) and behavioral 

(M= 4.74, SD= 1.08). Instead, cognitive CQ is the dimension scored the lowest (M= 4.19, SD= .932).  

Table 5:  Cultural Intelligence means per dimension 

  Metacognitive Cognitive Motivational Behavioral 
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Note. M= mean 

N= number of sample 

SD = standard deviation 

DV= level of Cultural Intelligence (7= highest; 4=moderate; 1= lowest) 

IV= non-TCIs  

According to this result, non-TCIs are least familiar with cultural knowledge and its systems. 

Cognitive CQ represents the ability to comprehend cultural knowledge through personal or educational 

experience. Non-TCIs do not have the same experiences as TCIs in interacting with people of different 

cultural backgrounds in cross cultural interactions as well as living abroad as children. But they can gain 

intercultural knowledge by travelling abroad, joining an abroad study program or simply by grasping what 

they learned in school. Since knowledge – in this context- is the basis of decision making and performance 

in cross cultural settings, understanding a society’s culture allow individuals to better grasp the system that 

shape and cause certain forms of social interactions. 

Table 6: Cognitive CQ items frequency 

Non-TCIs score the lowest on item COG_1 (M= 3.44), on average non-TCIs answered with 

“somewhat disagree” to the statement; I know the legal and economic systems of other culture. Economic 

and legal systems can be considered a complex topic to grasp for individuals who has no interest in said 

subject, unless it is their field of expertise (ex. Government officials). Non-TCI who are not interested in the 

economic and legal systems may refrain choose not to be exposed to such information, hence they have 

limited knowledge as opposed to individuals who show interest or who’s experienced in that particular 

field.  

5.5. Discussion 

Even though literatures on TCIs states that the two groups have distinctive abilities in regards to studies 

about cultural intelligence, results of this study prove that despite having experienced different upbringings 

the two groups are not so different. While they generally score lower in all CQ dimensions than their 

counterpart, the difference in means is not significantly big. It is no doubt that the future generations of 

Indonesian non-TCIs are more likely to be able adapt and integrate in the vast growth of globalization.  

 

Non-TCI 

M 4.910 4.192 5.137 4.737 

N 70 70 70 70 

SD .931 .985 .932 1.081 

Cognitive CQ items  Mean Median Mode 

COG_1: I know the legal and economic systems of 

other cultures  

3.44 4 4 

COG_2: I know the rules (e.g. vocabulary, grammar) 

of other languages 

4.37 3 3 

COG_3: I know the cultural values and religious 

belief of other cultures 

4.49 5 5 

COG_4: I know the marriage systems of other 

cultures 

4.20 4 5 

COG_5: I know the arts and crafts of other cultures 4.53 5 6 

COG_6: I know the rules for expressing non-verbal 

behaviors in other cultures  

4.13 4 5 
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Respondents aged 21-30 are active mostly on social media where being connected to the internet 

has become a necessity as part of communication means and a platform to obtain information. When 

globalization is put into context it could be one of the reasons why despite having raised in a different 

environment, non-TCIs are similar in regards to their set of intercultural skills with TCIs. The emergence of 

the new media not only enhances interconnectedness but it also creates challenges to the traditional way of 

interacting with each other. It is also now very common for many Indonesian universities to offer an abroad 

study program or internship, allowing students to have the experience living in a culture they’re unfamiliar 

with as well as give them the opportunity to seek international careers in the future. While studies about 

TCIs in Indonesia may not have been done before, this research could be a base for future studies, given that 

the topic of Third Culture Individuals is very broad and covers many aspects 

6. Conclusion 

Overall, there is a difference in the level of Cultural Intelligence between TCIs and non-TCIs samples in 

this study, results confirm that TCIs have a higher level of Cultural Intelligence than non-TCI samples. This 

means that Third Culture Individuals are more knowledgeable and understanding in regards to cultural 

differences, cultivating positive emotions that concerns how they function in cultural settings. On top of 

that, their experience abroad as children allows them to adapt to a new environment easily. This advantage 

makes TCIs more proficient than non-TCIs when interacting with people of different cultural backgrounds, 

given that TCIs possess a higher level of behavioral CQ than non-TCIs.  

 Apart from comparing the overall level of Cultural Intelligence for the two groups, a comparison of 

the dimensions proves that both TCIs and non-TCIs samples in this study share a similarity in which they 

both possess the highest level of motivational CQ out of metacognitive, cognitive and behavioral CQ. In 

general, TCIs develop Cultural Intelligence skills based on their experiences firsthand growing up while 

non-TCIs develop theirs when growing up in a globalized world where technological advances are rapidly 

growing and has changed the way we communicate and access information. 
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Appendix – Questionnaire Survey 

 

1. Please select your gender: 

O Female 

O Male 

 

2. Please state your age: _____ 

3. Please tick your current state of employment: 

O Student 

O Employed 

O Unemployed  

 

4. Have you lived outside your passport country for at least 3 years, during your childhood 

years (<18 years old)? (Note: if you have NEVER lived outside your passport country 

during your childhood years please tick “No”) 

O Yes 

O No 
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Cultural Intelligence (CQ) scale 

Please read each statement carefully and select the response that best describes your capabilities. Select the 

answer that BEST describes you AS YOU REALLY ARE. 

(1 = strongly disagree; 2 = mostly disagree; 3 = somewhat disagree; 4 = neither; 5 = somewhat agree; 6 = 

mostly agree; 7 = strongly agree). 

 Strongly 

disagree 

1 

Mostly 

disagree 

2 

Somewhat 

disagree 

3 

Neither 

 

4 

Somewhat 

agree 

5 

Mostly 

agree 

6 

Strongly 

agree 

7 

I am conscious of the 

cultural knowledge I use 

when interacting with 

people with different 

cultural backgrounds 

       

I adjust my cultural 

knowledge as I interact with 

people from a culture that is 

unfamiliar to me. 

       

I am conscious of the cultural 

knowledge I apply to 

cross-cultural interactions. 

       

I check the accuracy of my 

cultural knowledge as I 

interact with people from 

different cultures. 

       

I know the legal and 

economic systems of other 

cultures. 

       

I know the rules (e.g., 

vocabulary, grammar) of 

other languages. 

       

I know the cultural values 

and religious beliefs of other 

cultures. 

       

I know the marriage systems 

of other cultures. 

       

I know the arts and crafts of 

other cultures. 

       

I know the rules for 

expressing non-verbal 

behaviors in other cultures. 
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I enjoy interacting with 

people from different 

cultures. 

       

I am confident that I can 

socialize with locals in a 

culture that is unfamiliar to 

me. 

       

I am sure I can deal with the 

stresses of adjusting to a 

culture that is new to me. 

       

I enjoy living in cultures that 

are unfamiliar to me. 

       

I enjoy living in cultures that 

are unfamiliar to me. 

       

I change my verbal behavior 

(e.g., accent, tone) when a 

cross-cultural interaction 

requires it. 

       

I use pause and silence 

differently to suit different 

cross-cultural situations. 

       

I vary the rate of my speaking 

when a cross-cultural 

situation requires it. 

       

I change my non-verbal 

behavior when a 

cross-cultural situation 

requires it.  

       

I alter my facial expressions 

when a cross-cultural 

interaction requires it. 
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