


 

 

 

 

John Vong, Eddy John Sng, Jeff Fang 

International Centre for ASEANA Management 

Singapore 

Singapore 

 

 

 

 

 

 

 

 

 

ISSN 2705-067X 

ICMAC Conference Proceedings 2018: Volume 2 

 

© International Centre for ASEANA Management (iCAM) 2019 

 

This work is subject to copyright. All rights are reserved by the Publisher, whether the 

whole or part of the material is concerned, specifically the rights of translation, 

reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilms 

or in any other physical way, and transmission or information storage and retrieval, 

electronic adaptation, computer software, or by similar or dissimilar methodology now 

known or hereafter developed. Exempted from this legal reservation are brief excerpts 

in connection with reviews or scholarly analysis or material supplied specifically for 

the purpose of being entered and executed on a computer system, for exclusive use by 

the purchaser of the work. Duplication of this publication or parts thereof is permitted 

only under the provisions of the Copyright Law of the Publisher’s location, in its current 

version, and permission for use must always be obtained from iCAM. Violations are 

liable to prosecution under the respective Copyright Law.  

 

The use of general descriptive names, registered names, trademarks, service marks, etc. 

in this publication does not imply, even in the absence of a specific statement, that such 

names are exempt from the relevant protective laws and regulations and therefore free 

for general use. While the advice and information in this book are believed to be true 

and accurate at the date of publication, neither the authors nor the editors nor the 

publisher can accept any legal responsibility for any errors or omissions that may be 

made. The publisher makes no warranty, express or implied, with respect to the material 

contained herein. 

 

Published online open-access format 

 

International Centre for ASEANA Management www.icmac.asia 



 

 

 

 

6th International Conference on 

Managing the Asian Century: 

Innovations and Technology for 

Sustainable Development 
 

Bali, Indonesia, 8-9 November 2018 

 

Hosted by   

  

International Centre for ASEANA Management  

 

  

   

Editor 

 

Dr John Vong 

 

Associate Editors 

 

Eddy John Sng 

Dr Jeff Fang 

 

Editorial Advisory Board 

 

Dr. Angappa Gunasekaran 

Dean and Professor, School of Business & Public Administration, 

California State University, Bakersfield 

 

Dr Purnendu Mandal 

Professor, Lamar University, College of Business 



 

 

 

 

This volume presents peer-reviewed papers presented during the 

International Conference on Managing the Asian Century 2018 held in 

Surabaya. The proceedings of these conferences include original papers 

contributed by researchers covering multi-disciplinary areas such as 

management, education, organizational development, climate change, 

financial and economic planning and other areas significant to socio-

cultural, environmental and economic development. 

 

Aim of the International Conference on 

Managing the Asian Century (ICMAC) 

 

ICMAC is built on the successes of previous conferences in Bali (2017, 

Smart Innovations for Smart Cities of East Asia, 2014, Integrating 

ASEAN), Singapore (2016, Rise of Smart Cities in Asia; 2013, 

Managing the Asian Century), Surabaya (2018, Innovations and 

Technology for Sustainable Development), Kuala Lumpur (2015, 

ASEAN Entrepreneurs in Technology), and Xiamen (2018, Linking One 

Belt One Road with Smart Biotech). The seven conferences brought 

together international investors, Asia and US inventors and innovators, 

and representatives of Asian governments. The participants came from 

incubation hubs of Asia, research think-tanks of Europe, and the Silicon 

Valley USA. 

 

The theme of ICMAC generally hosts a gathering of like-minded people: 

international and Asian academics, innovators and representatives of 

governments. Information technologies and their influences in industry, 

government and policy planning will be the focus. Digitization trends 

(past, present and future) will be of particular interest to the participants. 

The focus is on how Asian nations collaborate on developing inventions 

and digital innovations for growth across Asia. 

 

We welcome contributions that draw upon contemporary ideas and 

developments in practices of management, education, organizational 

development, climate change, financial and economic planning and other 

areas significant to socio-cultural, environmental and economic 

development.
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Introduction: Sustainable Development, 

Innovations and Technology in Asia 

John Vong1 

 
1 International Centre for ASEANA Management, Singapore 

 

john@leadershipcorp.com 

Sustainable Development, Innovations and Technology in Asia was the theme of 

ICMAC 2018, a conference hosted by the International Centre for ASEANA 

Management Singapore. The focus is on creating access to public services that brings 

about long-lasting development and progress for human communities. Basic 

community needs that must be met include access to education, health, and finance, 

with next-level needs including clean water, transportation and energy. Access to public 

services must be designed in parallel with affordability for communities. 

The next chapter features a perspective from Dr Jinhyuk Chung, Chief Scientist 

of Xylonix Singapore and ICMAC 2018 Keynote Speaker, on the affordability of 

cancer treatments and subsequent effects. Governments in Asia should consider nipping 

costs such as patent filing from the onset. Access to clean water for drinking and 

washing is an essential aspect of accessibility to health. A system dynamic approach to 

water supply and distribution may provide an effective response. This is the premise of 

Chapter 6. 

Does technology influences sustainability? Many have tried to respond to the 

questions. The results were markedly different. In some cases, the cost of technology 

has driven up the cost and therefore reduced affordability. On the other hand, there are 

cases which prove the opposite. 

Chapters 3, 4 and 5 focus on food sustainability. Chapter 3 touches on defective 

vs non-defective green coffee beans to promote food sustainability through quality 

control and consistency. Chapter 4 focuses on using Anggoli skin to produce gelatin, 

an approach which goes beyond food quality and may even have religious implications 

for halal food products. Chapter 5 emphasise a dynamic model for aquaculture products 

and discusses how an innovative diet can assist the breeding and reproduction of catfish. 

The fish feed proposed in the research can be found easily in the natural environment.  
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Rising Cost of Cancer Care and 

Its Consequences in Emerging Asia 

Jinhyuk Chung1 

 
1 Xylonix, Singapore 

 

j.f.chung@xylonixscience.com 

Abstract Emerging Asian countries (China, Vietnam, Indonesia, Myanmar, Laos, 

Bangladesh, etc.) represent some of the most dynamic economies with fast GDP 

growth, information technology adoption, high birthrate, yet with low baseline 

income, pollution, and fast aging. Unfortunately, in these emerging Asian 

countries, the three compounding drivers of socioeconomic cancer cost are 

starting to eclipse - pollution, accelerated aging, and increasing cost of cancer 

treatments. In this Perspective, we follow a model case in assessing the trends in 

the socioeconomic cancer cost drivers and stipulating the socioeconomic impact 

and Asia-specific vulnerabilities from the rising cancer care costs. 

Keywords: Cancer  Asia  emerging economy  poverty 

Emerging Asia has been the leading growth centers of global economy. The economic 

growth, however, also brought along paradoxes of widening income gaps, diminished 

life quality from pollution, and rapid aging from improved medical cares. Cancer is a 

critical disease of neoplasm with detrimental financial costs, and two of the most Asia-

relevant causalities have been identified for the disease: air pollution (Bank, 2018) and 

aging (Canada P H A o, 2014). Although actual assessment of the social statistics of the 

disease-treatment burden in Asia will require more thorough studies, rough projection 

of the annual increase in the social cost of cancer in a model country may be estimated 

by comparing the multiplicative product among the three factors: (1) annual average 

PM2.5 level, (2) global average of cancer treatment cost, (3) and the proportion of the 

population over the age of 50 (Fig. 1). Evidently, the estimation shows that the social 

cost of cancer care in the model country of China is on an exponential rise, which 

explains the recent Chinese government’s drive in fighting cancer (Mao et al., 2017). 

China’s social statistics reported that cancer accounts for 22.32% of total deaths 

(News, 2015) and that the average cost for the most common cancer type (non-small 

cell lung cancer) is equivalent to 57%~82% of the annual household disposable income 

(Park & Shin, 2011). While the government is committed in improving the financial 

protections against such crisis, out-of-pocket cost as proportion of household’s capacity 

remains sizable at 19.6% (Shanghai) ~ 87.3% (Chongqing) (Wang, 2018), with national 

average being around 77% (Wang, Zhang & Saravanan, 2014). As Bloomberg pointed 

out, these costs are unaffordable by most in China and many of them resort to financial 

aids from extended families, and hence propagating the financial distress across larger 

social networks. And given the poor prognosis of the disease, such spending is expected 
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with net economic loss at large. In further consideration of the exponential increase in 

the social cost of cancer in the coming years (Fig. 1), socio-economic burden from 

cancer care may come in a detrimental way if unprepared. 

 

 
 

Figure 1. Estimated increase in social cost of cancer care in China between 1990-

2015 from identified causalities of cancer and changes in cancer treatment cost 

(A) Annual average PM2.5 air particulate pollution level in China. 

(B) Change in % of the population over the age of 60.  

(C) Monthly cost of newly approved drug estimation by Sloan Kettering Memorial. 

(D) Estimated relative increase in social cancer care cost between 1990-2015 as 

represented by product of normalized A, normalized B, and normalized C. 
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Although the case of China was used due to the ready availability of relevant 

statistics, the same cancer crisis is expected in most Emerging Asian countries that are 

experiencing similar pollution and aging problems. It would be advisable for these other 

countries to benchmark from the case of China and review the active measures its 

government is taking in managing the crisis. These measures include (1) government 

initiatives to reduce air pollution (Zeng et al., 2018), (2) public education efforts for 

promoting healthier life styles 3, (3) proactive government activities and programs to 

reduce cancer drug costs including the expansion of public medical insurance coverage 

and drug import tariff reforms, (4) increased investments into early cancer diagnostic 

facilities for more efficient and effective clinical treatments, and (5) increased 

investments into domestic biotech and pharmaceutical industries for development and 

production of lower-cost replacement drugs. 
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1. Bank T W (2018) Helping China Fight Air Pollution, 

https://www.worldbank.org/en/news/feature/2018/06/11/helping-china-fight-air-pollution 
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7. Wang Y, Zhang R & Saravanan R (2014) Asian pollution climatically modulates mid-

latitude cyclones following hierarchical modelling and observational analysis. Nature 
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Volatiles Fingerprinting to Evaluate 

the Quality of Green Coffee Beans in Indonesia 

Wenny Bekti Sunarharum1 2, Nur Ida Panca Nugrahini1, Kiki Fibrianto1 2 

 
1Department of Agricultural Product Technology, Faculty of Agricultural Technology, 

Brawijaya University, Malang, East Java, Indonesia 
2 Sensory and Applied Food Science Research Group, Faculty of Agricultural Technology,  

Brawijaya University, Malang, East Java, Indonesia 

wbsunarharum@ub.ac.id 
 

Abstract Green coffee beans are raw materials mostly traded worldwide that 

offer high economical value for exporters and importers. Inconsistent and poor 

quality green coffee beans adversely influence global demand and coffee 

industries. Since the quality of coffee beverages and coffee-based products are 

affected by the coffee bean’s raw composition, it is necessary to assess the quality 

of the green coffee beans to ensure adequate quality control and consistency. The 

aim of this research is to evaluate the quality of green coffee beans in Indonesia, 

particularly to compare defective vs non-defective green coffee beans based on 

their volatile fingerprints. Analysis on the volatile composition of three green 

coffee bean species, Arabica, Robusta, and Liberica, were conducted using 

Headspace-Solid Phase Micro Extraction (HS-SPME) coupled with Gas 

Chromatography-Mass Spectrometry (GC-MS). The results suggest that green 

coffee beans could be clustered due to their volatile composition. There were 32 

compounds out of the 40 identified targeted volatiles that showed a significant 

difference (α=0.05) due to coffee species and quality differences. Certain volatile 

compounds such as pyridine, a group of secondary alcohols, acids, esters, 

terpenes, lactones and phenolic compounds, were found to distinguish defective 

beans from that of non-defective ones. 

Keywords: green coffee beans  Volatiles Fingerprinting   quality control 

1 Introduction  

Coffee is one of the most popular agricultural commodities worldwide due to its 

desirable flavours and caffeine content. As one of the most traded products in the world 

– second only to petroleum – coffee has become vital in many people’s livelihoods and 

plays a crucial role in the world economy. The World Coffee Outlook reported 

considerable growth of coffee trading activities after 2000 (International Coffee 

Organization, 2015). 

The growing consumption of coffee has led to increased demand for high-quality 

coffee. Coffee quality is quite complex due to many factors, starting from the 

agricultural factors on the farm to the finished product (Sunarharum, Williams, & 
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Smyth, 2014). Postharvest treatments and processing methods inevitably play an 

important role in producing high quality or premium coffee.  

Green coffee beans, as raw materials, offer high economical value for exporters 

and importers. Inconsistent or low-quality beans may adversely influence global 

demand and coffee industries, particularly in primary coffee bean growing countries. 

Since the quality of coffee beverages and coffee-based products are affected by the 

green coffee bean’s raw composition, it is important to assess the quality of the green 

coffee beans.  

In addition to conducting physical evaluations, such as The Indonesian National 

Standard for coffee beans SNI 01-2907-2008 (Badan Standardisasi Nasional, 2008), 

coffee quality can be evaluated on its chemical and microbiological characteristics. 

Since aroma is one of the most important factors in coffee quality, evaluating aroma or 

volatile compounds has potential in determining coffee quality. This study aims to 

evaluate the quality of green Arabica, Robusta, and Liberica coffee beans in Indonesia, 

particularly comparing the defective vs non-defective beans based on their volatile 

fingerprint. The results will also be useful in the determination of potential volatile 

markers for coffee defects. This could allow for better quality control and selection of 

high quality, premium coffee from the green coffee beans and inform about the best 

processing methods to yield specific coffee quality. 

 

2 Materials and Method 

2.1 Materials 

Three coffee species, Arabica, Robusta, and Liberica, were tested in this study. 

Samples were obtained from local coffee farmers in East Java, Indonesia. All coffee 

beans were processed naturally using natural drying method.  

 

2.2 Methods 

Green coffee beans were sorted and the defective beans were separated from the non-

defective ones based on The Indonesian National Standard for coffee beans, SNI 01-

2907-2008 (Badan Standardisasi Nasional, 2008). Analyses were conducted on the 

defective and non-defective beans of Arabica, Robusta, and Liberica coffees. The 

analytical method for aroma analysis used Headspace Solid Phase Micro Extraction 

(HS-SPME) coupled with Gas Chromatography-Mass Spectrometry (GC-MS) (Toci & 

Farah A, 2008). Analyses were conducted in duplicates. 

 

2.2.1. Sampling and Extraction 

 

As many as ±5.0 g of whole fresh green coffee beans were placed into a 20 mL screw-

capped glass HS-SPME vials and analyzed within 30 minutes of preparation. HS-

SPME method was optimal for the sampling method and amount of sample, fiber length, 

incubation time and temperature, and desorption time and temperature. SPME fiber 

used was 2 cm long gray, 50/30 µm DVB/Car/PDMS (Supelco Inc., Bellefonte, PA.). 

Equilibrium and extraction were set at 60°C, 20 minutes under Memmert Waterbath. 

After extraction, the SPME fiber was moved to the splitless injection port of GC for 

manual injection. PTV injection port for SPME sampling was equipped with a 0.75 

mm I.D. borosilicate glass SPME inlet liner (Sigma-Aldrich Co., LLC). 
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2.2.2. GC-MS Condition 

 

The GC-MS analysis was performed using GC Agilent 7890A coupled with 5975C, 

Inert XL, EI/CI MSD, equipped with J&W (Agilent Technologies Inc., California, 

USA). DB-WAX column (30 m x 250 µm x 0.25 µm), splitless mode, inlet temperature 

at 250°C were applied. The initial temperature was set at 40°C, held for 1 minute, then 

ramped at 5°C/minute to 180°C, then 10°C/minute to 250°C. Transfer line temperature 

at 250°C. The gas carrier was helium (ultra-high purity), with the flow rate at 1 

mL/minute, the average velocity at 36.44 cm/second, pressure 6.96 psi. MS source 

230°C, maximum 250°C, MS Quad 15°C, maximum 200°C, scan range 29-550 (MS, 

70 eV). Data were collected from Enhanced ChemStation software MSD ChemStation 

G1701EA revision E.02.02 and by using Data Acquisition AMDIS version 2.64 build 

113.71. Identification of volatile compounds was based on NIST-08 Library Database.  

  

2.2.3. Data Analysis 

 

Chromatograms, as well as data of peak area, were collected from GC-MS and further 

used in the calculation. An ANOVA was performed using XLSTAT version 2015 

(Addinsoft, New York, USA). The principal component analysis was performed to see 

the potential cluster and to explore diversity. PCAs were performed by The 

Unscrambler® X (CAMO, Oslo, Norway, AS). 

 

3 Results & Discussion 

As many as 83 target volatile compounds were selected across different coffee 

aroma volatiles, mainly in the green coffee beans (Smrke et al. 2015; Toci & Farah, 

2014; Toci & Farah, 2008), and were inputted in the AMDIS data acquisition library 

and used as the volatiles fingerprint in the present study. Among those targeted 

compounds, only 40 compounds were identified in the samples (Table 1).  

 

Table 1. Identified volatile compounds in green coffee beans 

 

Targeted volatile compounds Mean SD 
Species x 

quality 

Species 

or 

quality 

acetaldehyde 7268.92 17057.39 s ns 

butanal,3-methyl 10603.00 24804.86 s ns 

hexanal 439283.83 918299.47 s ns 

2-heptanone 796090.50 1820590.21 s ns 

pyridine 260280.42 404016.65 s s 

1-butanol, 3-methyl 4833920.33 4694314.73 s s 

furan,2-pentyl 38410.00 133056.14 ns ns 

1-pentanol 245309.00 788414.05 ns ns 

benzene, 1,3,5-trimethyl 53276.92 76875.31 s ns 

1-hexanol 35105.83 81995.83 s ns 

2-hexanol,5-methyl 323078.83 767090.19 ns ns 

pyrazine, 2,5-dimethyl 453823.58 607811.89 s s 

1-hexanol 1158793.50 2134947.44 s s 

nonanal 955963.42 1860651.05 s s 

pyrazine,trimethyl- 232077.50 299388.01 s s 
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Targeted volatile compounds Mean SD 
Species x 

quality 

Species 

or 

quality 

pyrazine, 2-ethyl-3,5-dimethyl 27647.33 52883.14 ns ns 

acetic acid 2137171.00 3858325.81 s s 

1-octen-3-ol 2497566.58 2439504.97 s s 

furfural 57538.42 137740.08 ns ns 

pyrazine, tetramethyl 106065.50 255153.13 s ns 

1-hexanol, 2-ethyl- 12560.92 30149.91 s ns 

benzaldehyde 1461742.83 2291083.94 s s 

pyrazine, 2-methoxy-3(2-

methoxypropyl)- 133603.75 172101.58 s s 

2,3-butanediol-2 46786.58 162073.48 ns ns 

linalool 318282.83 467659.07 s s 

propanoic acid, 2-methyl 385183.50 901438.08 s ns 

2,3-butanediol 2787045.92 5439167.27 s s 

butyrolactone 790126.33 1150457.18 s s 

butanoic acid, 3-methyl 2117596.25 4130422.24 s ns 

pentanoic acid 50332.08 117814.99 s ns 

benzoic acid, 2-hydroxy, 

methyl ester 492387.00 736851.77 s ns 

methylsalicylate 206120.92 332970.04 s ns 

benzoic acid, 2-hydroxy, ethyl 

ester 489163.33 546993.37 s s 

acetic acid, 2-phenylethyl ester 15158.17 35814.09 s ns 

hexanoic acid 220243.33 762945.29 ns ns 

phenol, 2-methoxy 1413.92 4897.95 ns ns 

benzyl alcohol 262591.67 431228.45 s s 

phenylethyl alcohol 1939342.58 1851501.84 s s 

phenol, 4-ethyl-2-methoxy 347030.50 665874.97 s s 

2-methoxy-4-vinylphenol 239561.33 137362.52 s s 

Data mean calculated from peak area of each compound 

SD means standard deviation 

species x quality = interaction  

s = significant (α=0.05) 

ns =not significant (α=0.05) 

 

Thirty-two identified compounds were significantly different (α=0.05) due to 

differences in coffee species x quality (defective and non-defective) (Table 1). The 

coffee quality, defective vs non-defective beans, or coffee species could potentially be 

distinguished based on significant differences in 18 volatile compounds. The defective 

green coffee beans contained significantly more abundant (α=0.05) pyridine; 1-butanol, 

3-methyl; pyrazine, 2,5-dimethyl; 1-hexanol; nonanal; pyrazine, trimethyl; acetic acid; 

1-octen-3-ol; benzaldehyde; pyrazine, 2-methoxy-3(2-methoxy propyl)-; linalool; 2,3-

butanediol; butyrolactone; benzoic acid, 2-hydroxy, ethyl ester; benzyl alcohol; 

phenylethyl alcohol; phenol, 4-ethyl-2-methoxy; 2-methoxy-4-vinylphenol. 

Since most defects in the samples were due to brown/black beans (or partly 

brown/black), broken beans, and the presence of one or more holes, it is suggested that 

the majority of those defects were caused by an undesired over fermentation process. 

It should be noted that those defects are common in coffee with a natural processing 

method. Of the 32 identified compounds, 18 volatile compounds were abundant in 

defective beans, which indicated the fermentation process was producing the secondary 

alcohols such as 1-octen-3-ol (mushroom alcohol), acids, simple phenols, and lactones. 
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The phenol, 4-ethyl-2-methoxy and 2-methoxy-4-vinylphenol were previously 

reported as the degradation product of polyphenols, such as chlorogenic acids. The 

abundance of those two simple phenols may contribute to an undesirable harshness and 

smokiness of the coffee. Further exploration was performed using Principal 

Component Analysis on the significant volatile compounds to see the potential clusters 

or groups (Fig. 1).  

 
Fig. 1 (a) PC-1 (81%) vs PC-2 (12%) 

 

 
Fig. 1 (b) PC-1 (81%) vs PC-3 (6%) 

RD = Robusta Defective beans, RND = Robusta Non-Defective beans, 

AD = Arabica Defective beans, AND = Arabica Non-Defective beans, 

LD = Liberica Defective beans, LND = Liberica Non-Defective beans 
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The first three Principal Components (PCs) explain 99% variation in the data 

sets. PC-1 (81%) separated Robusta from Arabica and Liberica, as the Robusta contains 

more abundant 2,3-butanediol, acids, and phenolic compounds. PC-2 (12%) separated 

the Robusta non-defective beans (RND) and Arabica non-defective beans (AND) with 

other samples as they have more 1-butanol and phenylethyl alcohol and less 1-octene-

3-ol. PC-3 (6%) separated AND with others potentially due to the abundance of 

nonanal. 

 

4 Conclusion 

Volatiles fingerprinting could be used to distinguish green coffee bean species and 

quality (defective vs non-defective). Green coffee beans could be clustered based on 

their volatile composition. Certain volatile compounds such as pyridine, a group of 

secondary alcohols, acids, esters, terpenes, lactones and phenolic compounds, showed 

potential to be used as markers in distinguishing defective beans from that of non-

defective ones. Further detailed studies need to be conducted for confirmation and 

selection of volatile markers for green coffee quality. 

References 

1. Badan Standardisasi Nasional (2008) The Indonesian National Standard for coffee beans, 

#SNI 01-2907-2008. 

2. International Coffee Organization (2015) Trade Statistics. Retrieved from 

http://www.ico.org/trade_statistics.asp. [Accessed 4 November 2015]. 

3. Smrke S, Kroslakova I, Gloess A N, Yeretzian C (2015) Differentiation of degrees of 

ripeness of Catuai and Tipica green coffee by chromatographical and statistical techniques, 

Food Chemistry, 174, pp. 637-642. 

4. Sunarharum, W B, Williams D J, Smyth H E (2014) Complexity of coffee flavor: A 

compositional and sensory perspective, Food Research International, 62, pp. 315-325. 

5. Toci A T & Farah A (2014) Volatile fingerprint of Brazilian defective coffee seeds: 

corroboration of potential marker compounds and identification of new low quality 

indicators, Food Chemistry, 153, pp. 298–314. 

6. Toci A T & Farah A (2008) Volatile compounds as potential defective coffee beans’ 

markers, Food Chemistry, 108, pp. 1133–1141. 

  



12 

 

 

Utilization of Anggoli (Pristipomoides multidens) 

Skin as Source of Halal Gelatin 

Rahmi Nurdiani1, Hefty Yufidasari1, Mery Betty Purba1 

 
1 Faculty of Fisheries and Marine Science, 

Brawijaya University, Malang, East Java, Indonesia 

 

rahmi_nurdiani@ub.ac.id 

Abstract Gelatin from fish by-products is known as an alternative source for 

mammalian gelatin. However, it has weaker properties compared to bovine and 

porcine gelatin, which limits its industrial use. The objective of this study is to 

optimize the extraction method of fish gelatin to enhance the yield and its 

properties. Various acids, extraction duration periods and temperature levels 

were used during experimentation. Preliminary results showed that acetic acid 

was the best solvent to be used as an extraction media. Higher temperature and 

longer extraction duration increased the yield and fat contents of Anggoli 

(Pristipomoides multidens) skin gelatin. Lower temperature resulted in higher 

contents of ash, protein and water. Temperature significantly (p < 0.05) affected 

the gel strength, viscosity, melting point, and gelling point of fish skin gelatin. In 

this study, the best results were obtained from Anggola fish skin gelatin extracted 

at temperature of 55⁰C for 4 hours, with yields of 14.36%, gel strength 13.5 N, 

viscosity 7.66 cP, gel point 11⁰C, melting point 25.6⁰C, pH 6.83, 7.48% water, 

0.81% ash content, 1.61% fat content and 90.15% protein content. 

Keywords: Gelatin  Pristipomoides multidens  Extraction 

1 Introduction  

The fish product processing industry, especially fish fillet processing, produces waste 

that reaches almost 75% of the total weight of fish, which includes 30% bone and skin 

(Guillen et al., 2002). The fish product processing industry produces abundant waste in 

the form of skin. In general, fish skin waste is only processed into fish skin crackers, 

which have low economic value, while fish leather waste can potentially become raw 

materials for products such as gelatin, which have higher economic value. One of the 

fish that produces waste in the form of fish leather is Anggoli (Pristipomoides 

multidens). 

Angoli has high economic value in the form of fish fillets, and produces many 

byproducts in the form of bone and fish skin waste (Guillen et al., 2002). Anggoli fish 

is one of the deep-sea snapper species of subfamilies Etelinae which live in the tropical 

climate of 32°C - 36°C (Ovenden et al., 2002). This type of fishing has increased, in 

the period from 1990-1997, in Western Australia, which increased from 9 tons to 329 

tons (Ovenden et al., 1996). Anggoli also have high potential catches in Indonesia, 

especially around the island of Java, thus making many companies utilize anggoli fish 
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into economically valuable products. Increasing demand for anggoli also increases the 

amount of waste produced. The waste of anggoli fish produced from fish processing 

has high potential as a material for making gelatin because it covers 10-20% of the 

bodyweight of fish (Surono et al. 1994). 

Gelatin is a water-soluble conversion protein obtained from hydrolysis of 

collagen that is not water-soluble. Cow bone, cow skin and pork skin are materials 

commonly used to obtain gelatin (Sobral and Habitante, 2001). Gelatin can be extracted 

from ingredients that are rich in collagen, such as the skin and bones of fish and other 

animals (Badii and Howell, 2006). Gelatin in the food industry can be found in products 

such as jelly, ice cream, yogurt and marshmallows; whereas in the pharmaceutical 

industry, gelatin is used as an ingredient for making hard and soft capsules (Ismail and 

Che Man., 2012). Other applications of gelatin in food production include: gel-forming 

agent, thickener, emulsifier, foam forming and edible film (Park et al., 2007). 

Indonesia still relies on imports from several countries, namely China, Japan, 

France, Australia and New Zealand to meet domestic gelatin needs. The amount of 

gelatin imports is up to 2,000-3,000 tons per year. The need for gelatin imports tends 

to increase, while the demand for gelatin in the international market remains high 

(Trilaksani et al., 2012). The amount of gelatin production in the world has reached 

326,000 tons per year, with the source of gelatin used coming from pigskin (46%), cow 

skin (29.4%), beef bone (23.1%) and other sources (1.5%) (Wulandari et al., 2013). 

The use of gelatin sourced from pigs and cows cause problems in the religious and 

health aspects of Indonesia, where Muslims have a ban on consuming all products 

derived from pigs, as well as the issue of Bovine Spongioform Encephalopathy (BSE) 

in mammals (Azara, 2017). Therefore, another alternative source that is acceptable 

regarding religious and health aspects is needed as the raw material for making gelatin. 

Based on research conducted by Haningtyas (2017) about the effect of 

temperature and time of extraction stage on the process of making gelatin from milkfish 

bone, the highest yield was obtained at 70°C for 150 minutes at 2.43%, water content 

at 90°C for 180 minutes is 5%, ash content at 70°C for 120 minutes is 2%, which 

corresponds to SNI (Standar Nasional Indonesia), that being a maximum yield of 16% 

and 3.25 (SNI 06-3735, 1995). It is necessary to do further research by replacing 

milkfish bone into the skin of pigeon fish. This is due to the use of pomelo skin which 

is still rarely used especially in the manufacture of gelatin. It is expected that with some 

treatment of the temperature and length of extraction, it will obtain good quality 

pomegranate skin gelatin. 

 

2 Materials and Method 

2.1 Tools and Materials 

The tools used in the study consisted of 1000 ml beaker glass, water bath, digital scales, 

oven grinder, hotplate, magnetic stirrer, thermometer, test tube, buckshot, oven, spatula, 

pH meter, measuring cup, serological pipette measuring flask, water bath, film bottles, 

volume pipettes, erlenmeyer, furnaces, porcelain cups, desiccators, hot plates, electric 

stoves, goldfisch, mattress threads, thimbles, Kjeldahl tools, Rotational Viscometers, 

Tensile Strength Instruments, magnetic stirrers and UPLC tools. 

The material used in the manufacture of gelatin from the skin of anggoli is the 

skin of pigeon fish obtained from the Bee Jay Seafood factory, Probolinggo. Other 
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materials used for the process of making gelatin were: aquades, 0.5 M CH₃COOH, 0.5 

M HCl, C₆H₈O₇ 0.5M, 0.1M NaOH and Whatman 41 filter paper; while the materials 

used for testing included: NaOH, 0.2N HCl, HCl 6N K₂SO₄, HgO, H₂SO₄, ice, and 

petroleum ether. 

 

2.2 Procedure of Research 

This research utilised the method described by Niu et.al. (2013) with some 

modifications. This study used acetic acid solution with treatment of extraction time 

for water bath at a temperature of 45⁰C, 55⁰C, 65⁰C for 2 hours, 4 hours, and 6 hours, 

respectively. 

 

1. Fish skin was weighed to an accuracy of 100 grams and soaked in a 0.1 M 

NaOH solution with a ratio of 1:6 (w / v) and stirred on a hotplate using a 

magnetic stirrer for 2 hours at room temperature (± 26-28⁰C). 

2. Base solution was replaced every hour. 

3. The material was washed with distilled water until it reached a neutral pH, 

which was ensured by using red litmus paper to test the pH. 

4. The material was then immersed using a solution of acetic acid (CH₃COOH) 

with a concentration of 0.05 M in a ratio of 1:6 and stirred on a hotplate using 

a magnetic stirrer for an hour. 

5. The material was washed with distilled water until it reached a neutral pH, 

which was ensured by using blue litmus paper to test the pH. 

6. The extraction process was carried out by using a waterbath at a temperature 

of 45⁰C, 55⁰C, 65⁰C for 2 hours, 4 hours, and 6 hours respectively with a ratio 

of skin weight and aquades of 1:6 (w / v). 

7. The resulting solution was filtered using filter paper to separate the filtrate and 

residue. 

8. The filtrate obtained from the extraction process was dried using an oven with 

a temperature of 65⁰C for ± 72 hours. 

9. Gelatin sheets were obtained, then smoothed using a grinder to obtain powder-

phase gelatin. 

 

The test was carried out in the form of a yield test to find out the best results of 

gelatin from differences in acid solution. 
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Figure 1. Flow Chart of Anggoli Fish Skin Production 
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2.3 Analysis of the Characteristics of Gelatin 

The functional properties of gelatin are very important in the application of a product. 

These properties are physical and chemical properties that affect the behavior of gelatin 

in food during the process, storage, preparation and consumption (Kinsela, 1982). The 

physical properties of gelatin include yield, gel strength, viscosity, melting point and 

gel point, while the chemical properties of gelatin include moisture content, ash content, 

fat content, protein content, acidity (pH) and amino acid composition. 

 

3 Results & Discussion 

The gelatin preparation was carried out using a 0.05M acetic acid solution, with the 

extraction temperature of 45⁰C, 55⁰C, 65⁰C, and the extraction time of 2 hours, 4 hours 

and 6 hours, respectively. After the powder phase gelatin was obtained, an analysis of 

the physical and chemical properties of gelatin was carried out including yield, gel 

strength, viscosity, melting point, gel point, water content, protein content, fat content, 

ash content, pH and amino acid composition. The results are presented in Table 1 

 

Table 1. Proximate Results and Analysis of the Physical-Chemical Properties of 

Anggola Skin Gelatin 

 

 

 

3.1 Yield 

From the results of the gelatin yield test, it can be seen that the optimal treatment is 

obtained at a temperature of 55⁰C for 6 hours. The yield of gelatin in anggoli skin at 

temperatures of 45⁰C and 55⁰C increases at higher temperatures and extraction times. 

In a study conducted by Saputra et al. (2015) regarding extraction of gelatin from 

catfish, gelatin yield of 11.06% was obtained, which is lower than the results of this 
study. The longer the extraction time, the more the yield value will increase. This is 

Temp Time Physico-chemical characteristics 

Yield 

(%) 

Viscocit

y 

(cP) 

Melting 

point 

(⁰C) 

Gel 

strength 

(N) 

Gelling 

point 

(⁰C) 

Water 

content 

(%) 

Ash 

content 

(%) 

Fat 

content 

(%) 

Protein 

content 

(%) 

pH 

45 2 hrs 10.80+0.

3 

2+0 21.5+1.5 1.8+0.5 9+0.5 11.15+0.1 1.45+0.08 1.68+0.1 85.73+3.8 6.76+0.

2 

4 hrs 11.26+0.

4 

5.6+1.5 22.6+1 9.6+2.8 9.5+0.5 10.56+0.2 1.28+0.06 1.59+0.1 86.55+1.4 6.73+0.

2 

6 hrs 13.23+0.

3 

2.6+0.5 23+1.7 3+0.7 9.5+0.5 9.35+0.1 1.09+0.1 1.60+0.1 87.95+2.8 6.76+0.

1 

55 2 hrs 10.86+0.

8 

6.6+0.5 23.3+1.7 10.5+1.

5 

10+0.5 9.05+0.2 1.15+0.08 1.60+0.04 88.25+1.7 6.86+0.

3 

4 hrs 12.50+0.

6 

7.6+1.5 25.6+0.5 13.5+2.

5 

11+0.5 7.48+0.4 0.85+0.09 1.61+0.04 90.47+0.8 6.1+0.1 

6 hrs 14.36+1.

3 

6.6+3.2 23.6+1.2 12.1+1.

1 

10.5+0.5 8.01+0.2 0.82+0.05 1.75+0.06 89.63+1.1 6.76+0.

1 

65 2 hrs 10.83+0.

6 

4+1 23+2 8.4+1 9.5+0.5 8.06+0.1 0.88+0.06 1.89+0.1 88.12+1.3 6.9+0.2 

4 hrs 9.83+0.3 3.3+1.5 22.8+1.6 5.0+2.5 9.5+0.5 7.91+0.2 0.81+0.03 2.25+0.2 87.05+2 6.6+0.0

5 

6 hrs 9.10+0.3 2.6+1.1 22.1+1 3.2+0.9 9+0.5 7.88+0,2 0.74+0.06 2.66+0.1 86.35+1.7 6.9+0.1 

Gelatin Food 

Standards 

(Norland Product, 

2003) 

- 3.5 - ≥ 180 - ≤14 ≤ 2 - - 5.5 - 7 

Gelatin standartd 

(SNI,1995) 
- - - - - Max 16 Max 3.25 - -  

Gelatin (GMIA, 2007) - 1.5-7.5 - 50-300 - - 0.5-2 - - 5 - 7.1 
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presumably due to the greater number of H ions that hydrolyze collagen, while the 

longer extraction time causes more collagen to break down into gelatin. At a 

temperature of 65⁰C, the yield of gelatin tends to be smaller with a higher extraction 

time (Tazwir et al., 2007). 

 

3.2 Gel strength 

The optimal gel strength value is obtained at 55⁰C for 4 hours. At temperatures of 45⁰C 

and 55⁰C, the strength of gelatin gel tends to increase, while at 65⁰C it tends to decrease. 

According to Glicksman (1969), gel strength is affected by heat, acid and alkali which 

will damage the structure of the gelatin so that the gel is not formed. Gel strength also 

depends on extraction time, concentration, pH and temperature. With the strength of 

gelatin gel at pH 5.5 with a temperature range between 60⁰C-120⁰C and extraction time 

between 30 minutes - 2 hours, it can be seen that the gel strength is less as the extraction 

temperature increases and extraction time decreases (GMIA, 2012). 

 

3.3 Viscosity 

In the extraction temperature 45⁰C and 55⁰C, gelatin viscosity values tend to increase 

at higher temperatures, with the highest value on a long-viscosity gelatin extraction 

time of 4 hours. The higher the temperature and duration of extraction, the more open 

the structure of the amino acid chain and will cause the chain to be shorter and viscosity 

to decrease (Pradarameswari et al., 2018). According to Nurilmala et al. (2017), the 

higher extraction temperature will cause a decrease in the viscosity value which 

describes the reduction in fluid resistance. This is presumably due to the high extraction 

temperature resulting in continued hydrolysis of the gelatin. Advanced hydrolysis will 

break the amino acid sequence which has an impact on low viscosity. Termination of 

the amino acid sequence into smaller units causes the force needed to cause the shear 

rate to be smaller, so that the fluid flows more easily. 

 

3.4 Gelling Point 

Based on the results, the optimal gelatin gel point is obtained at 55⁰C for 4 hours. In 

research, Amiruldin (2007) explained that the amount of amino acid hydroxyproline 

influences the gel point. The gel point will be lower if the amount of amino acid 

hydroxyproline is small and the low hydroxyproline makes the hydrogen bond lesser 

in the gelatin. The gel point is also directly proportional to the temperature of the 

melting point. If the gel point is low, the melting point is also low, and vice versa 

(Nurilmala, 2004). 

 

3.5 Melting Point 

From the overall yield of the gelatin melting point, it can be seen that the optimal 

melting point of gelatin is obtained at 55⁰C for 4 hours. The higher the extraction 

temperature, the lower the melting point of gelatin. It is suspected that high 

temperatures will cause the hydrolysis of proteins to break the amino acid chain bonds 

so that it will weaken the ability of proteins to bind water (Wulandari et al., 2013). 

Melting points will also increase with the high amino acid values of glycine and 

hydroxyproline. This results in the number of hydrogen bonds from gelatin to water in 

solution (Kolodziejska et al., 2004). 
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3.6 Degree of Acidity (pH) 

From the data obtained, it shows that the temperature and duration of extraction have 

no effect on the acidity (pH) of gelatin. Basically, pH is not affected by high 

temperatures but depends on the washing process after the demineralization process 

(Handoko et al., 2011). According to Zhou and Regenstein (2005), making gelatin with 

a mixture of acids and bases will produce a nearly neutral pH. The maximum washing 

process will cause the acid content trapped in collagen to decrease so that the pH value 

will be closer to neutral pH. Gelatin with a value close to neutral pH tends to be 

preferred, so the neutralization process has an important role to neutralize the remnants 

of both acids and bases after liming (Hinterwaldner, 1977). 

 

3.7 Water content  

The optimal value of gelatin water content is obtained at 55⁰C for 4 hours. Gelatin 

water content tends to be lower, along with increasing temperature and extraction time. 

According to Sompie et al. (2015), the value of water content tends to decrease with 

increased extraction temperature, while the difference in the amount of water that is far 

due to the ease of gelatin reacts with water. 

 

3.8 Ash content 

The optimum level of gelatin ash is obtained at 65⁰C for 6 hours. In the results of a 

study by Pradarameswari et al. (2018), regarding the extraction of gelatin from catfish 

skin, it obtained ash content of 1.09%. These results tend to be lower when compared 

to this study. The value of ash content tends to be lower with increasing temperature 

and the length of time extraction of gelatin. This is in accordance with Tazwir (2007), 

who explained that the higher the extraction temperature, the lower the ash content. 

Low levels of gelatin ash content of angggoli fish can be due to the large amount of 

minerals that dissolve in water during the washing process. The size of the content of 

ash can be determined from the process of washing or demineralization: the more 

minerals that dissolve, the lower the value of the ash content (Setiawati, 2009). 

 

3.9 Fat content  

The optimal value of fat content of gelatin is obtained at a temperature of 45⁰C for 4 

hours. Anggoli fish gelatin fat levels tend to be higher with the higher temperatures and 

longer extraction times. Factors that can affect the fat content of gelatin are alkaline 

processes with NaOH solution during the process of making gelatin, where NaOH 

solution can maximize the degreasing process, which is the process of eroding fat in 

raw materials. The higher the concentration and duration of soaking NaOH, the smaller 

the value of fat content (Tazwir et al., 2009). 

 

3.10 Protein content 

The results showed that the optimal level of gelatin protein is obtained at 55⁰C for 4 

hours. The value of gelatin protein levels at temperatures of 45⁰C and 55⁰C tends to 

increase at higher temperatures, while the value of gelatin protein levels at 650C tends 

to be lower. According to Handoko et al. (2011), gelatin protein levels are influenced 

by temperature and extraction time. Proteins will be damaged not only by heat, but by 
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the influence of pH, namely the occurrence of changes in the main structure of the 

peptide chain in proteins (Lehninger, 1982). If the protein is denatured the arrangement 

of polypeptide chain bonds is disrupted and open protein molecules become random 

structures and then coagulated so that the amount of collagen that is extracted is lower 

(Rusli, 2004). 

 

3.11 Comparison of the Quality of Gelatin with Gelatin Standards 

The general properties and content of certain mineral elements in gelatin can be used 

to assess the quality of gelatin in gelatin quality standards. The physical, chemical and 

functional properties of gelatin are properties that greatly determine the quality of 

gelatin (Wahyuni and Rosmawati, 2003). Properties that can be used as parameters in 

determining the quality of gelatin include yield, gel strength, viscosity, gel point, 

melting point, moisture content, ash content, fat content, protein content and acidity 

(pH). 

 

3.12 Amino acid composition of Anggoli Skin Gelatin 

The results of the amino acid composition of gelatin in anggoli skin with an extraction 

temperature of 55⁰C and a duration of 4 hours compared to red snapper bone gelatin 

(Hadi, 2005) and yellowfin tuna skin (Nurilmala et al., 2017) are presented in Table 2. 

 

Table 2. Amino acid gelatin composition of anggoli skin with an extraction 

temperature of 55⁰C with a duration of 4 hours compared to red snapper bone 

gelatin and yellow fin tuna fish skin 

 

Amino acid 

type 

Anggoli skin Gelatin 

(%)  

Gelatin 

Bone 

Fish 

Red 

Snapper 

Fish 

(%) *) 

Yellow Fin Tuna Skin Gelatin (%) 

**) 

Threonine 3.22 2.66 3.7 

Histidine 0.92 - 0.9 

Proline 11.86 10.9 11.6 

Tyrosine 0.57 0.46 0.5 

Leusine 2.27 2.23 2.7 

Aspartic acid 5.29 4.7 3.5 

Lisine 3.93 3.34 3.5 

Glisine 25.11 21.57 27.7 

Arginine 9.05 7.78 10.0 

Alanine 10.94 10.02 8.1 

Valine 2.46 1.79 2.1 

Isoleusine 0.90 0.79 1.2 

Phenylalanine 2.31 1.78 2.6 

Glutamic acid 8.50 8.85 8.2 

Serine 3.87 2.18 4.1 

 

Source:    *) Hadi, 2005 

     **) Nurilmala et al., 2017 

 

Based on the results of the amino acid analysis, it can be seen that the amount of 

proline in the skin of the anggoli is more than the gelatin of the red snapper bone and 
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the gelatin of yellowfin tuna, while the amount of glycine gelatin in the skin of anggoli 

is lower than the gelatin of yellowfin tuna. The use of different raw materials can cause 

a difference in amino acid composition in gelatin. Gelatin has 19 types of amino acids 

that are linked to peptide bonds that form long polymer chains. Amino acid composition 

in gelatin varies depending on the source, collagen, producing species and types of 

collagen (Ward and Courts, 1977). The higher the amino acid value of glycine, proline 

and hydroxyproline, the higher the value of gel strength, viscosity, melting point and 

gel point. 

 

4 Conclusion 

In this study, the best results obtained for gelatin from Anggola fish skin gelatin 

occurred at an extraction temperature of 55⁰C for 4 hours, with yields of 14.36%, gel 

strength 13.5 N, viscosity 7.66 cP, gel point 11⁰C, melting point 25.6⁰C, pH 6.83, grade 

7.48% water, 0.81% ash content, 1.61% fat content and 90.15% protein content. 
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Abstract This study seeks to develop a dynamic model for supply chain 

management of aquaculture products in Indonesia using the milkfish industry as 

a case study. The study had two stages: firstly, the development of the model and 

secondly, the testing and validating of the model using a suitable representative 

of the milkfish industry in Indonesia. The supply chain management model was 

developed by graphical mapping using System Dynamic simulation. A causal 

loop diagram was developed to show the interconnection and the interaction 

between identified variables. The initial findings of this study demonstrated that 

the overall coordination of five actors (suppliers of raw materials (seed, feed, 

fertilizer, and medicine), farmers, distributors, retailers, and consumers) and two 

elements (local government and universities) within the milkfish supply chain 

potentially affects profitability. Also, inputs such as controlled inputs (supply of 

raw materials including seed fish, fish feed, fish fertilizers, and fish medicines), 

uncontrolled inputs (demand for milkfish from end consumers) or others 

(government support, weather, and the social culture of businesses) – affected 

overall profitability of the milkfish supply chain. This study was conducted using 

the village of Kalanganyar as a suitable representative. Future studies can focus 

on investigating other villages where milkfish is a key commodity. With more 

case studies, there is potential for further development of a stock and flow 

diagram to simulate more complex scenarios. This will help to inform 

government policies to develop and grow the milkfish industry in Indonesia. 

Keywords: Supply Chain Management  Aquaculture Products  Milkfish 

Industry Supply Chain Analysis  Kalanganyar Indonesia 

1 Introduction  

The Indonesian population has grown from 237,641,326 in 2010 to approximately 260-

270 million as of 2018. Increasingly, Indonesia faces a challenge in ensuring its self-

sufficiency with regards to food security. A shortage of food supplies will lead to 

Indonesia being dependent on food imports from other countries for its consumption 

needs. One potential source of food supplies is marine and fisheries products, which 

includes aquaculture products. One of Indonesia’s aquaculture products is the bandeng 

(milkfish), a hallmark of Indonesian cuisine which is high in nutritional value. The 
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Indonesian milkfish supply chain network must continue to prosper and grow over the 

long term to ensure the sustainability of milkfish as one of Indonesia’s food supplies. 

In general, the fish supply chain network consists of several actors including 

suppliers of seed fish, suppliers of fish feed, suppliers of fish fertilizer, suppliers of 

medicines, fish farmers, fish distributors, fish retailers, and fish consumers (Lim 2016). 

These same actors are the same for the milkfish supply chain network. Milkfish 

consumers can be further classified into sub-categories such as hotels, restaurants, 

caterers and end consumers, i.e. the ones who consume the milkfish. The end product 

can also be divided into two types, either fresh milkfish or processed milkfish. 

Processed milkfish products offered to end consumers varies in terms of preparation: 

deboned, smoked, fried, grilled, presto (cooked with high-pressure water vapour) and 

otak-otak (steamed fish cake). 

The milkfish industry in Indonesia has its origins in local fishermen who were 

seeking ways to increase revenue streams when they were not fishing out at sea. 

Therefore, many of the early milkfish ponds were found along the coastal areas of 

Indonesia, where local fishermen resided. Today, milkfish farms are thriving across 

Indonesia, and the milkfish has become an important commodity for several regions, 

especially East Java. 

However, Indonesian milkfish farmers face several challenges in their 

operations. These include a localized and limited market reach, price uncertainty, 

limited understanding of good human resource management systems, underdeveloped 

knowledge management systems of the pond production system and lack of strategic 

planning of seeding and fish inventory levels (currently milkfish farmers rely on 

intuition). 

Outside of Indonesia, there exists potential opportunities for the Indonesian 

milkfish industry to enter global markets. In Asia, milkfish is also popular in other 

countries such as the Philippines and Taiwan (Jespersen et al. 2014). In order to 

compete in these markets, Indonesian milkfish farmers must be able to achieve 

standardization in the quality of milkfish as well as growth in production capacity to 

handle increased demand. 

Given the challenges and opportunities faced by Indonesian milkfish farmers, 

there is a need for a supply chain management model that will enable the growth and 

development of the milkfish industry. This study seeks to develop a dynamic model for 

supply chain management of aquaculture products in Indonesia using the milkfish 

industry as a case study. 

 

2 Methodology 

The study had two stages: firstly, the development of the model and secondly, the 

testing and validating of the model using a suitable representative of the milkfish 

industry in Indonesia. 

Firstly, the developed model sought to determine how to increase profitability, 

and in turn, productivity, in the overall supply chain network for aquaculture products 

in Indonesia (Ahumada and Villalobos 2009). For this study, the aquaculture product 

chosen for analysis was milkfish, which is the flagship product of East Java. The model 

analyzed the entire structure of the milkfish supply chain network and considered 

profitability configurations which affected the entire value chain (Macfadyen et al. 
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2012). This required the identification of relevant stakeholders and variables for the 

milkfish supply chain network. 

 

2.1 Identification of Variables in the Milkfish Supply Chain Network 

The variables involved in the milkfish supply chain network include: 

 

Revenue  : Revenue of each supply chain actor in the milkfish industry 

Cost  : Cost of each supply chain actor in the milkfish industry 

Supplier of seed fish  : Suppliers who supply seed fish to milkfish farmers 

Supplier of feed  : Suppliers who supply fish feed pellets for fish farmers 

Supplier of fertilizer : Suppliers who supply required fertilizers (at subsidized rates) 

to milkfish farmers to fertilize ponds 

Supplier of medicines  : Suppliers who supply fish medicines 

Farmers  : Milkfish farmers 

Distributor  : Fish distributors who purchase milkfish from milkfish farmers 

Retailer  : Intermediaries in the milkfish market who purchase milkfish 

from wholesalers 

Consumers  : End consumers who consume fresh milkfish and processed 

milkfish products 

 

  Secondly, the researchers identified and chose the milkfish supply chain 

network in Kalanganyar Village, Sedati Sub-District, Sidoarjo Regency to test and 

validate the developed model. Kalanganyar is a suitable representative of the milkfish 

supply chain network because it is the second-largest producer of milkfish in East Java 

with nine milkfish ponds that are easily accessible due to their central locations. Also, 

Kalanganyar’s milkfish industry is well-established and thriving, with local demand 

for both fresh fish and processed fish. Kalanganyar caters to all subcategories of 

consumers including hotels, restaurants, caterers and end consumers. 

 

2.2 Identification of Stakeholders in the Milkfish Supply Chain Network 

According to previous research, there are various stakeholders along the aquaculture 

products value chain, which starts from the supplier of seed fish and finishes at the end 

consumer consumption of processed fish (Ahumada and Villalobos 2011). For this 

study, various stakeholders in the village of Kalanganyar were identified and analyzed 

on their role in the supply chain network. The mapping of the Kalanganyar milkfish 

supply chain network was accomplished through conducting direct surveys on location 

at the milkfish ponds as well as interviews with various parties including farmers, 

distributors, suppliers and the local government. The following section describes the 

stakeholders involved in the Kalanganyar milkfish supply chain network: 
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1. Supplier 

 

The suppliers involved in the Kalanganyar milkfish supply chain network include: 

 

a. Supplier of seed fish 

Seed fish used in the cultivation of milkfish in the village of Kalanganyar are 

sourced from Gresik and Bali. Fish farmers then raise the seed fish through fish 

culture production. 

 

b. Supplier of fish feed and medicine 

Fish feed used in the cultivation of milkfish in the village of Kalanganyar is 

sourced from PT Grobest Indomakmur, a fish feed manufacturer and wholesaler 

based in Jakarta. Medicines are used to kill pests in the milkfish ponds. 

 

c. Supplier of fish fertilizer 

Fish fertilizers used in the cultivation of milkfish in the village of Kalanganyar are 

NPK fertilizers containing urea and superphosphate. There are two ways fish 

farmers obtain fish fertilizers in Kalanganyar: informally through the local 

community of fish farmers, which helps to distribute fertilizers for members of the 

community, and formally through the fertilizer distributors, which are fish farm 

shops. 

 

2. Farmers 

 

The role of milkfish farmers, especially farmers from the village of Kalanganyar, is to 

act as suppliers of milkfish. Milkfish found in the village of Kalanganyar are sourced 

not only from local milkfish ponds but also from neighbouring villages. 

 

3. Distributors 

 

The role of milkfish distributors is to collect and act as intermediaries for the sale of 

fish from fishermen / fish farmers to wholesalers, fish markets, fish processing 

businesses and micro, small, and medium enterprises (MSMEs). Milkfish distributors 

also deliver milkfish to markets outside of East Java, such as those in Central Java. 

 

4. Wholesalers and Retailers 

 

The role of milkfish wholesalers and retailers is to sell and deliver fresh milkfish 

directly to both the general public as well as MSMEs. Milkfish wholesalers are traders 

with sales in large amounts, i.e. above 500 kg, while milkfish retailers are traders with 

sales in smaller amounts. 

 

5. MSMEs 

 

The role of milkfish MSMEs is to process raw milkfish into end products for 

consumption. Milkfish MSMEs source for raw milkfish from distributors, wholesalers 

and retailers and market processed milkfish products in their stores. 
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3 Development of Supply Chain Management Model 

The supply chain management model was developed by graphical mapping using 

System Dynamic simulation. System Dynamic simulation creates a complex formula 

that reacts dynamically to changes in identified variables. As such, these changes can 

be analyzed with regards to the overall impact they have on the model. The next stage 

was to test and validate the developed model. This was achieved by error checking the 

formula as well as each identified variable entered for the model. Following this, a 

simulation was conducted to identify weaknesses in the model as well as create 

alternative scenarios. The generated scenarios were then simulated to gain an overall 

understanding of potential system performance improvement for aquaculture products 

in Indonesia using the milkfish industry as a case study. Variables identified in the 

previous section were subjected to further analysis in order to identify any middle 

variables between them. A causal loop diagram was developed to show the 

interconnection and the interaction between identified variables. 

 

4 Conclusion 

The initial findings of this study demonstrated that the overall coordination of five 

actors (suppliers of raw materials (seed, feed, fertilizer, and medicine), farmers, 

distributors, retailers, and consumers) and two elements (local government and 

universities) within the milkfish supply chain potentially affects profitability. Also, 

inputs such as controlled inputs (supply of raw materials including seed fish, fish feed, 

fish fertilizers, and fish medicines), uncontrolled inputs (demand for milkfish from end 

consumers) or others (government support, weather, and the social culture of 

businesses) – affected overall profitability of the milkfish supply chain. In order to 

improve profitability, it is important to meet existing demand while increasing incomes 

and reducing expenses across the milkfish supply chain network. This also requires 

existing milkfish supply chain processes (such as procurement of raw milkfish, seeding 

to harvesting, processing, and sales of final products in the form of fresh milkfish and 

processed end products) to be executed efficiently and optimally. 

 

5 Limitations 

This study was conducted using the village of Kalanganyar as a suitable representative. 

 

6 Future Research 

Future studies can focus on investigating other villages where milkfish is a key 

commodity. With more case studies, there is potential for further development of a 

stock and flow diagram to simulate more complex scenarios. This will help to inform 

government policies to develop and grow the milkfish industry in Indonesia. 
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Abstract The purpose of this research is to define the impacts of policies on water 

availability to serve consumer needs while maintaining the continuity of water 

supply in the long run. The research focused on two main variables: infrastructure 

asset management, and demand uncertainty. A dynamic system model was built, 

calibrated and validated to ensure the result between model predictions and field 

observation. Three scenarios were analyzed: optimistic, most likely, and 

pessimistic. Based on the optimistic and most-likely scenarios, the addition of 

540 liters per second capacity is considered capable of compensating for 

customer needs despite a capacity reduction of 100 liters / sec in the most-likely 

scenario. The profits for the pessimistic scenario are larger than the other two 

scenarios because it uses the highest average requirement which results in larger 

amounts of water sold as well as no cost reductions, which directly increases net 

income. This study suggests that the system dynamic model developed is a useful 

tool to estimate the scarcity of water, the cost of asset investment, and the amount 

of water produced by the urban water processing unit. 

Keywords: Water Supply  System Dynamics  Policy Analysis  Simulation   

Asset Management 

1 Introduction  

Water is a basic human need as well as a driver of economic development. Water usage 

has been increasing at more than the rate of population growth in the last few years. 

Moreover, water quality is a central problem in both rural and urban areas of developing 

countries, confirmed by frequent epidemics of water diseases. However, water quantity 

and quality are factors influencing the fulfillment of environment, economy and social 

needs (Gordon et al., 1994). The complexity of water problems increase and 

interconnect to other sectors like agriculture, energy, industry, as well as social, 

economic, environmental, health, educational, legal, and political factors (Biswas, 

2004). Therefore, the right to access to clean and fresh water become the basic right of 

human (Samra et al., 2011).  

Water availability is a key criterion for the distribution of water resources. Due 

to human activities and climate change, the distribution of water availability has been 

changing and challenging in both quantity and quality (Wang et al., 2016; Zessner et 
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al., 2017). The changes on hydrological processes and water resources occur at every 

level, such as in the local reservoir level (Chang et al., 2015; Kundu et al., 2017), 

national level (Liu et al., 2017), regional level (Kusangaya et al., 2014), and even global 

(Arnell, 1999). 

Managing water resources is an essential public service challenge for cities. 

Cities are particularly vulnerable for water scarcity as a spatial mismatch of available 

freshwater resources and population concentrations – rather than an overall lack of 

water resources – can lead to supply challenges. Population growth, increasing 

urbanization, climate change-induced droughts and rising temperatures exacerbate the 

situation, leading to the risk of depleting reservoirs and reduced groundwater recharge 

(Stavenhagen et a.., 2018). With the rapid development of the economy and the 

continuous improvement of the overall level of society in urban areas, water 

consumption continues to increase yearly and cause severe water shortages. Therefore, 

it is significant to analyze and evaluate water supply and demand and establish a model 

for sustainable utilization of water resources in the urban areas (Li et al., 2018). 

 

2 Study Area 

In response to autonomy rights, PDAM Malang City took on the challenge of 

maintaining water sufficiency on Malang area. On the other hand, rapid population 

growth has resulted in increasing numbers of customers for PDAM Malang City. 

Therefore, PDAM Malang City needs to improve the distribution network system and 

increase its capacity. One of the issues PDAM Malang City faced was water leakages. 

Efforts by PDAM Malang City to overcome leakage in the water distribution in terms 

of optimizing water distribution network to maintain sufficiency of water supply was 

by implementing NRW (Non Revenue Water) minimization program. According to 

PDAM Malang City, the NRW program was able to reduce the percentage of water 

loss in the range of 18% - 20% by 2016. The percentage of water loss was the optimal 

number that could be reached by the program. Therefore, PDAM Malang City needs to 

make further improvements to overcome the increasing number of customers which 

relates to the needs to increase the capacity in order to balance supply and demand of 

water. PDAM.  

Efforts have been made by PDAM Malang City to increase capacity through the 

management and construction of new sources. The source is planned to be fully 

operational by 2018 and will increase production capacity by 540 liters / sec. There is 

also a plan to relinquish the water source on Banyuning to PDAM Kota Batu, which is 

planned to occur between 2019 and 2020. The purpose of this research is to define the 

impacts of policies on water availability to serve consumer needs while maintaining 

the continuity of water supply in the long run. The research will focus on two main 

variables, which are infrastructure asset management, and demand uncertainty. The 

model will define the water supply system behavior of each scenario from 2010 to 2040 

which aligned with the long-term water management strategic planning (15 years). 
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3 System Dynamic Model 

As stated by Sterman, things that seem unchanged in the short term will look varied 

over the longer term (Sterman, 2000). In order to capture the dynamic behaviour of 

water supply on Indonesian Urban Area (Malang City), we developed a model using 

the dynamic system approach. The model runs from the year 2010 to 2040 which 

aligned into long-term water management strategic planning (15 years).  System 

Dynamic approach is appropriate for any dynamic system characterized by 

interdependence, information feedback, mutual interaction, and circular causality. The 

relevant data needed for model building were retrieved from PDAM Kota Malang itself. 

The credibility of these data has significantly enhanced the validity of the model. 

 

3.1 System Identification 

System identification can be defined as a series of relationships between statements of 

needs with problem statements to be solved in order to meet those needs. The input-

output diagram aims to identify the needs related to the analysis of input and output 

factors that exist in the water supply system in PDAM Kota Malang. 

The concept of this diagram is also known as the black box diagram, derived from 

the current term in the aviation world. As the name implies, this diagram is used to 

record all activities that occur in the control room as well as the input factors. Inputs 

and outputs will influence factors simulating the dynamic system model of water 

supply in the system. The image of the input-output diagram is attached in Appendix 

A. Water use efficiency is one of the basic elements of sustainable development, and 

the effective use of water resources and water conservation are necessary measures to 

achieve sustainable utilization (Kostas, 2008; Fateme and Sondoss, 2017). 

 

3.2 System Conceptualization 

This stage aims to create a Causal Loop Diagram (CLD) to describe the system 

conceptually. This diagram describes the relationship between each variable and the 

influence that arises from any relationship that occurs. A Causal Loop Diagram is made 

by determining the variables that have influence in the system. The influence is 

represented in two relationships that are positive and negative. 

The case study on PDAM Malang City is described in the form of a Causal 

Loop Diagram which illustrates the system of water supply to the customer and income 

streams generated by water sold. Furthermore, things that have a positive or negative 

influence also been determined. The Causal Loop Diagram describing the PDAM water 

supply system in Malang is attached in Appendix B. 

 

3.3 Model Development 

This research used the dynamic system simulation model known as Stock and Flow 

Diagram. The Stock and Flow Diagrams developed based on the analysis of factors on 

the CLD are attached in Appendix 3 and are separated into three sub-models: 
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3.1.1 Water Needs Sub Model 

This sub model describes the water needs that arise in PDAM Kota Malang. 

 

 
 

Figure 1 Water Needs Sub Model 

  

5 10 15 20 25

0

20

40

60

80

100

m3

Sold Water Volume Water Resources Production Needs

Non-commercial use only!

Population

Death

Death RateBirth Rate

Population Growth
Effect

Fare Effect

Inflation Growth Rate

Cost Elasticity

Waterways Addition
Potency

Number of Unserverved
Person

Number of Served
Person

Customer

Closed

Waterways Addition

Total Waterways

Waterways of Batu City Waterways of Malang
Regency

Water Needs

Closed Rate

Average Water
Consumption

Person per Waterways

Average Water
Consumption per

Person

Ratio of Adequacy

Sold Water

Sold Water Volume

Water Loss Distributed Water

Water Loss Rate

Production Needs

Water Availability Rate

Average Operational
Needs

Operational Delay

Installed Production
Capacity

Water Resources

Production

SupplyUsed
Birth

New Customer

Tranmission and
Distribution Cost

Water Treatment
Cost

Water Resources
Cost

Revenue from
Water

Fare
Direct Cost

Gross Profit

Revenue

Revenue per Year

Non Water Revenue

Profit
Undirect Cost

Profit before Tax

Non Business
Revenue

Non Business Cost

NetProfit

Net Profit

Backup Fund
Tax

Total Waterways

Water Needs

Water Availability
Rate



32 

 

 

3.1.2 Water Supply Sub Model 

This sub-model describes the process of water supply that occurs in PDAM Kota 

Malang. Water production is affected by the installed capacity of the source, while the 

volume of water sold per year is affected by the water lost and the water distributed 

based on the need of production capacity. 

 

 
 

Figure 2 Water Supply Sub Model 
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3.1.3 Net Income Sub Model 

This sub-model illustrates the water revenue flow of the net income of PDAM Malang. 

 

 
 

Figure 3  Net income sub-model 
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3.5  Base Model Simulation 

Simulation results will be presented in the form of tables and graphs, while the 

indicators for water mains rehabilitation will be presented in the result graphs.  The 

demand for mains rehabilitation occurs when production needs exceed the installed 

production capacity. When this happens, there will be an effort to increase the capacity 

of source by rehabilitation or to look for other water resources. Here are the simulation 

results of the three sub-models on the basic model of water supply in PDAM Malang. 

 

3.5.1 Water Needs Sub Model 

 

 
 

Figure 4 Simulation Result of Water Need (Customer) Sub Model 

 

 
 

Figure 5 Simulation Result of Water Need Sub Model 
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3.5.2 Water Supply Sub Model  

 

 
 

Figure 6 Simulation Result of Water Supply Sub Model 

 

3.5.3 Profit Sub Model 

 

 
 

Figure 7 Simulation Result of Profit Sub Model 
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3.6 Validation 

Model validation checks if the simulation model is an accurate representation of the 

real system being modeled. Model validation is done by comparing data of simulation 

results with data obtained from the company, in this case, PDAM Malang City. 

Simulation data must use company data so that the model can be declared valid 

conclusively. In this study, the validation method used is behavior validity test, which 

is a function used to check the ability of the created model in generating the behavior 

(behavior) output received. 

There are two kinds of testing in validation: calculating the average ratio and the 

amplitude of the amplitude variation. In the test for average ratio of a model, the model 

is said to be valid if it has an error rate of less than 5%, whereas, in the test for the ratio 

of the variation of the amplitude of a model, the model is said to be valid if it has an 

error variance of less than 30% (Barlas, 1994). The calculation of error rate can be seen 

in equation 1 for comparison of mean and equation 2 for comparison of amplitude 

variation.  

 

Error = 
| �̅�−�̅� |

�̅�
 (1) 

Description : 

�̅� = simulation average 

�̅� = actual average 

 

Errror = 
| 𝑺𝒔−𝑺𝒂 |

𝑺𝒂
 (2) 

Description : 

Ss = simulation stdev 

Sa = Actual stdev 

 

The results of the calculation of the six variables that are considered indicative in 

representing the clean water supply system of Malang City above shows that the 

average error value and the variance error value of the variables are smaller than the 

required standard values of 5% and 30%. Based on these results, it can be concluded 

that the model created by researchers of the PDAM water supply system Malang City 

can represent the real system. 

 

3.7 Scenario 

After the basic model was verified and validated, the next step was to create a 

simulation scenario. Scenarios can be created by altering some parameters that affect 

the overall base model (Salama and Suryani, 2014). The change will then have an 

impact on other variables. This is done to illustrate the possibilities that will occur in 

the future: optimistic, Pessimistic or most likely on average. The entire scenario created 

will summarize the water supply system from 2010 to 2040 over 124 quarters. This is 

aligned with the long-term strategic planning that is made every 15 years so that this 

scenario analysis summarizes twice the period of strategic planning. 
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3.7.1 Optimistic Scenario  

 

 
 

Figure 8  Variable Equation on Optimistic Scenario 

 

 
 

Figure 9 Stock and Flow of Optimistic Scenario 
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3.7.2 Most Likely Scenario  
 

 
 

Figure 10 Variable Equation on Most Likely Scenario 

 

 
 

Figure 11  Stock and Flow of Most-Likely Scenario 
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3.7.3 Pessimistic Scenario  

 

 
 

Figure 12 Variable equation on Pessimistic Scenario 

 

 
 

Figure 13 Stock and Flow of Pessimistic Scenario 
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3.8 Scenario Analysis 

There were three scenarios which analyzed in system dynamic simulation: optimistic, 

most likely, and pessimistic. The scenarios were categorized based on different policies 

depending on the combined value of two main variables. The first scenario was to 

simulate the effects of installing and managing six water resources and rehabilitating 

one existing water spring combined with the lowest rate of consumption of water. The 

second scenario was to simulate the potential impacts of installing and managing six 

water resources while losing one existing resource due to expiration of the asset 

management agreement with the local government, combined with an average rate of 

consumption of water. The third scenario was to simulate the highest rate of 

consumption of water combined with the lowest investment of assets in terms of water 

resources. Also, the model captured the characteristic monthly variation pattern in 

consumption and transition process of increasing the capacity regarding the asset 

installation. 

Based on optimistic, pessimistic and most-likely scenario analysis, it was found 

that there were differences in water availability responses to policies for each scenario. 

In the optimistic scenario, production needs at the end of the period increased by 3.9%. 

In this scenario, there was no shortage of water while profits increased by 34.7% from 

current conditions. In the pessimistic scenario, production needs at the end of the period 

increased by 25.9%, the total period with water shortage decreased by 9.37% while 

profits increased by 74.39% from current conditions. In the most-likely scenario 

production needs at the end of the period increased by 9.5%, the total period with water 

shortage decreased by 98.87% while profits increased by 55.34% from current 

conditions. In all scenarios, the period of water shortage decreased from current 

conditions. This is due to the addition of installed capacity, as even in the most 

pessimistic and most-likely scenarios there was a decrease in installed capacity due to 

delivery of Banyuning Source to PDAM Kota Batu, but total installed capacity in all 

three scenarios remains larger than current conditions. Based on the optimistic and 

most-likely scenarios, the addition of 540 liters per second capacity is considered 

capable of compensating for customer needs despite a capacity reduction of 100 liters 

/ sec in the most-likely scenario. The profits for the pessimistic scenario are larger than 

the other two scenarios because it uses the highest average requirement which results 

in larger amounts of water sold as well as no cost reductions, which directly increases 

net income. Based on the scenarios that have been analyzed, PDAM Malang City can 

formulate water supply policy planning for the future. 

 

4 Conclusion 

This study suggests that the system dynamic model developed is a useful tool to 

estimate the scarcity of water, the cost of asset investment, and the amount of water 

produced by the urban water processing unit. 
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Appendix A. Input Output Diagram 
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Appendix B. Causal Loop Diagram 
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Appendix C. Result Graph of Scenarios (Optimistic,  Most-Likely, Pessimistic) 

  

 

 

 
 


