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PREFACE 
 

International Conference on Sustainable 

Engineering and Technology 2018 (ICSET 2018) 

held on 25 September 2018 at The Orchard 

Wellness and Health Resort, Melaka. ICSET 

2018 covered the aspect of environmental issue 

and its engineering and technology solutions. The 

conference is incorporating the spirit of UniKL’s 

CITIE into the conference’s theme of “Enhancing 

Sustainable Industrial Ecology and 

Environmental Quality”. The tree used in the conference logo represents the 

sustainability of the environment through the advancement of science, 

engineering and technology. 

 

It was the main objective of the conference to prove that researchers at 

postgraduate level are not just pursuing for another certificate but they are also 

capable to transform the world into a better place by solving an environmental 

issue and discovering new source of energy. We hope that the graduates are 

inspired to choose a career path as a scientist and technologist after graduating. 

 

In this second edition, the conference received 70 submissions (oral and poster) 

from all over the world and 43 was selected to be in this proceeding. The papers 

covered vast themes of green technology such as environmental, sustainable & 

clean technologies, built environment, bioengineering (bioprocesses, biocatalysts, 

bio-products), food and agricultural based technology & products and renewable 

energy.  

 

The plenary speech lectures and the paper presentations bridged the gap between 

the different fields of green engineering and technology, making it possible for 

non-experts in a given area to gain insight into new areas. Most importantly, 

ICSET 2018 has opened up new opportunities through many fruitful discussions 

and exchanges that lead towards further development in the field of green 

engineering and technology. 
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FOREWORD FROM PRESIDENT / CEO 

UNIVERSITI KUALA LUMPUR 
 

Welcome to the International Conference on 

Sustainable Engineering and Technology (ICSET 

2018). Universiti Kuala Lumpur is proud to organize 

this conference for the second time as we are resolute 

in contributing and making an impact to the 

development research and development of Green 

Technology and Industrial Revolution 4.0 (IR 4.0) in 

Malaysia. 

 

Organizing a conference is not a simple task. The conference is indeed timely as 

it fits in well with the focus given by the Ministry of Education of Malaysia to 

enhance collaboration between universities around the nations. It will spells out a 

process of collaboration, aimed at unlocking the potential inherent in university, 

to be duly exploited in a manner that would benefit all.  

 

With advent of globalization, universities have to move towards a stronger 

commitment beyond the boundary of an ivory tower. Conference participants will 

have the opportunity to hear about new innovation, management and technology 

from across the world. I believe that ICSET 2018 will not only benefit academia 

community but also bring advantages to industry with potential collaborations in 

various areas related to engineering and technology. 

 

Finally, I would like to express gratitude to all authors, sessions’ chairs, reviewers 

and participants for their contribution to ICSET 2018. I hope you will enjoy the 

conference in both academic and social aspects and that this conference will be 

highly successful and fruitful to all participants.  

 

Dato’ Professor Dr. Mazliham Mohd Su'ud 

President / Chief Executive Officer 

Universiti Kuala Lumpur 
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FOREWORD FROM DEAN AND HEAD OF CAMPUS 

UNIVERSITI KUALA LUMPUR - MICET 
 

The International Conference on Sustainable 

Engineering and Technology (ICSET 2018) is the 

second edition of the postgraduate conference series 

that focus on Sustainable Engineering and 

Technology. This truly shows our commitment and 

passion towards Green Technology, in-line with 

federal and state governments’ vison towards 

sustainable living.  

 

This conference aims to provide a platform for young researchers in exchanging 

expertise and information in various related areas. It is my hope that this gathering 

of academics, researchers, industrialists and officials will enable them to explore 

new developments and innovation together in the effort to push for a Green 

Technology economy. I would like to take this opportunity to extend my warmest 

welcome and appreciation to all participants who are here to enrich the diversity 

of perspective and content. My appreciation also goes to the organizing committee 

for their commitment, diligence and support that has made this conference 

possible. 

 

Associate Professor Dr. Ruzainah Ali@Jaafar 

Dean / Head of Campus 

Universiti Kuala Lumpur – Malaysian Institute of Chemical and 

Bioengineering Technology (UniKL-MICET) 
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and applications of polyhydroxyalkanoates. He has 

collaborated actively with researchers in several other 

disciplines of chemical process, food technology and 

environmental science. Prof. Dr. Mohd. Azizan has 

established a postgraduate mentorship program at UniKL 

MICET. 
 

KEYNOTE SPEAKER II 
Professor Dr. Yoshimitsu Uemura is a Visiting 

Professor, AIG Collaborative Research Institute for 

Composite Materials, Fukuoka University, Japan. Prior 

to that, he was a Professor at Department of Chemical 

Engineering and Head of Centre for Biofuel & 

Biochemical Research, Universiti Teknologi 

PETRONAS (UTP). Professor Dr. Yoshimitsu Uemura 

has experience as researcher at world renowned 

university and technical advisor to multinational 

companies. His research interests are in conversion of biomass into fuels and 

sustainable use of biomass. As prolific academic and researcher, he already 

published more than 500 publications. He also serves as Editor-in-Chief for 

international peered reviewed journals. Apart from various academic society 

memberships, he has also been appointed as Board Member for Medical 

Corporation Egao (2005-2010) and Meteorological Data System Co., Ltd (2007-

2016). 
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A REVIEW OF BIODEGRADABLE FILM FROM INDUSTRIAL WASTE 

FOR FOOD PACKAGING 
 

Nur Assyiqah Syuhada Mohamad Asri, Siti Noor Suzila Maqsood-ul-Haque*, Ummi 

Kalthum Ibrahim and Tan Huey Ling 

Faculty of Chemical Engineering, Universiti Teknologi Mara (UiTM) Shah Alam, Selangor. 

*Corresponding email: suzihaque@salam.uitm.edu.my 

 

ABSTRACT 

Increasing amount of consumer demand for convenient and high-quality food product leads to 

the development of creative approaches in food packaging technology. Food packaging plays 

an important role in maintaining the quality of the packaged food from any chemical, physical 

and environmental damage. Among the packaging materials, usage of plastic material is 

commonly used in the food industry due to large availability and excellent mechanical 

performance at a low cost. However, the usage of plastic packaging in huge amount creates the 

environmental and health issues since it is non-degradable and capable to release a toxic 

compound to landfill and water supplies. Utilization of renewable and biodegradable industrial 

waste as a raw material for food packaging is promising as an alternative to reduce the 

environmental impacts and contribute to sustainability. Since the availability of waste is 

relatively abundance in nature with lower cost compared to plastic material, reusing this waste 

had gained high interest for researchers to develop new materials and innovate film that meet 

food protection and preservation requirements. The addition of natural bioactive compound 

such as antioxidant, antimicrobial and pigment also increase the functionality of the film in 

terms of quality, safety and providing intelligent communication with consumer. This review 

will be focusing on utilization of industrial waste from agricultural and pharmaceutical industry 

as source of biopolymer and additives in development of biodegradable packaging film. Their 

properties are reviewed along with their potential application in food packaging industry. 

 

Keywords: Food packaging, petroleum-based plastic, biodegradable film and industrial waste 

 

1.0 INTRODUCTION 

In recent years, there were many new technologies for food packaging introduced to suit with 

the consumer behaviour, product demand and the current level of global warming. As demand 

in the food manufacturing industry increases, types of packaging become vital component to 

ensure that the quality of the food product can be maintained from any physical, chemical and 

environmental damages. Food Packaging also can be defined as a system to preserve the 

product to satisfy the ultimate consumer during transportation, distribution, storage, retailing 

and end-used with an optimum cost (Coles, McDowell, Kirwan, & McDowell, 2003). 

According to The World Packaging Organization (WPO), it is estimated that more than 25% of 

food is wasted due to poor packaging system including preservation, protection, storage and 

transportation (Shin & Selke, 2014). Thus, the goal for food packaging is to protect the food 

from any deterioration to reduce the amount food waste and providing cost-effective ways that 

satisfy industry requirement. According to Institute of Food Technologist, advances in food 

packaging system keep the United State food supply among the safest in the world (Arthur & 

Tarver, 2007). 



ICSET 2018 13 

 

Among of other packaging material, petrochemical-based plastics are suitable to be used 

in food packaging. It has good mechanical performance including tensile and tear strength, good 

barrier of oxygen, carbon dioxide, anhydride and aroma compound, heat stability and 

convenient to be used corresponding to its capability and durability (Wu et al., 2017; Siracusa, 

Rocculi, Romani, & Rosa, 2008; Sorrentino, Gorrasi, & Vittoria, 2007). Petrochemical-based 

plastics such as polystyrene (PS), polyamide (PA), polyethylene terephthalate (PET) and 

polyethylene (PE) are originated from crude oil and has been increasingly used as packaging 

materials until now. Based on European bioplastic website, there are more than 200 million 

tonnes of plastics generated for current global consumption and most of it were made up from 

petroleum (Nur Hanani, Roos, & Kerry, 2014). In Malaysia, National Solid Waste Management 

Department Ministry of Housing and Local Government claimed that production of plastics has 

increased drastically year by year and the demand for plastic material in Asia also has increased 

rapidly since 1980 which is from 2 kg/year per capita to 27 kg/year per capita at the end of 2010 

(Golden Ecosystem Sdn. Bhd., 2011). 

 However, these petroleum-based plastics gives bad impact toward environment due to its 

non-biodegradability that may lead to serious environmental pollution if widely used by the 

community. Besides that, plastics also have tendency to contaminate the food due to the 

presence of certain carcinogenic substance. It is harmful to our health since the insoluble 

monomer from the plastic will built-up inside the body during consumption of food and lead to 

disruption of human body system. (Astuti & Erprihana, 2014). Thus, developing food 

packaging from biodegrade material were introduced to replace the usage of petroleum-based 

plastics due to its biodegradability and their composable product are free from toxic residue 

which can be use as fertilizer and soil conditioner. Development of food packaging from 

biodegradable material could contribute to resolve the accumulation of non-renewable and non-

biodegradable synthetic materials since biodegradable material required less than half energy 

to synthesize compared to non-degraded material counterparts (Mishra, Patel, Rana, Nakum, & 

Singh 2015). 

 The innovation of biodegradable food packaging for a safer and durable food products 

leads to development of an active and smart packaging technology. An active packaging 

technology is applied to reduce the food deterioration and contamination by addition of 

antioxidant and antimicrobial agent to the packaging material. Besides that, intelligent 

packaging technology is also develop to maintain the food quality by giving the colour indicator 

information regarding the condition of the food during transportation and storage (Medina-

Jaramillo, Ochoa-Yepes, Bernal, & Famá, 2017). Consequently, the area of active and 

intelligent packaging is the topic of much researched by the community to develop a natural 

bio-based film that is compatible with food and reduce the generation of synthetic packaging 

and non-biodegradable petroleum-based packaging. Addition of natural bioactive compound 

such as antioxidant, antimicrobial and colour pigment to the biodegradable packaging is a 

promising alternative to preserve and elongate the shelf-life of food. 

 

2.0 DEVELOPMENT OF BIODEGRADABLE FILM AS PRIMARY FOOD 

PACKAGING 

Biofilm is one of primary packaging system which can be applied directly with the food 

product. It is a thin layer that acts as barrier layer or self-supporting structure to maintain the 

quality and improve the shelf life of the food products. The main function of biofilm is to 

prevent the food products against oxidation, microbial growth, absorption and desorption of 
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moisture and other chemical reaction (Salgado, Ortiz, Musso, Di Giorgio, & Mauri, 2015). This 

packaging must be non-toxic, compatible with food and should not attribute to any changes of 

food condition including colour, flavour and aroma (Shin & Selke, 2014). Biofilm can be 

produce from single biopolymer or combination of two or more polymer or also known as 

composite film. Since the films are applied directly to the product, cohesion and adhesion force 

of biopolymer are needs to be considered during formulation stage (Wittaya, 2012). 

 There are three types of edible biopolymers which are polysaccharides, proteins and lipids. 

Each type of biopolymer has differences physical and chemical characteristics which influences 

the functionality of the film. Besides that, addition of plasticizer into film formulation will 

modify the extensibility, dispensability, elasticity, rigidity and mechanical strength of the film. 

Plasticizers are low volatility molecules which interact with network of polymer chain to 

increase the free volume of polymer chain without altering the polymeric structure (Cruz et al., 

2015). Other additives such as antimicrobial agent and antioxidant agent also helps in quality 

and safety improvement of the packed food (Salgado et al., 2015). Figure 1 below shows the 

types of polymers and additives for development of edible film. 

 

 
Figure 1: The types of biopolymer and additives of edible film. 

 

3.0 VALORISATION OF INDUSTRIAL WASTE FOR DEVELOPMENT OF 

BIODEGRADABLE FILM 

Recently, there are new technologies were developed in order to produce edible biodegradable 

film using industrial waste from agricultural and pharmaceutical industry. The utilization of 

these waste as natural source are interesting to be explore due to its high availability, 

renewability and low cost. Besides that, the raw materials from this waste are mainly having 

their own properties which are suitable for application in food packaging. According to 

Malaysian Food Regulation 1985, specified under the Food Act 1983, section 27 and 28 are 

clearly state that the food packaging must not yield or could yield any toxic, injurious and 

contaminate substances which contributed to deterioration of food or imparting lead, antimony, 

arsenic, cadmium or any toxic substance to the food product (Ministry of Health, Malaysia, 
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2018). Prior to these regulation, food grade industrial waste is one of alternative sources for 

development of safe packaging without releasing any toxic compound that could harmful to 

consumer. 

 

3.1 Agricultural waste 

Development of agricultural sector had gains research team attention for further utilization of 

fruits and vegetable waste from industrial processing to other useful product. During this 

process, there are a lot of edible waste that were discarded such as pulp, stalks, peels, leaves 

and seed. Table 1 below shows the previous studies on the use of fruits and vegetable waste in 

development of edible film and effect of compound towards film characteristics. 

 

Table 1: Previous research on development of biofilm from agricultural waste 
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Based from table 1, it is clearly proved that the agricultural waste from fruits and vegetables 

contain several useful compounds including biopolymer and other valuable molecules such as 

antioxidant, antimicrobial and anthocyanin that acts as an additive. The development of 

composite film could improve the physical and mechanical characteristics including tensile 
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strength, flexibility, water vapour permeability, solubility. Besides that, the combination with 

natural active compound such as antioxidant, antimicrobial and colour pigment to the film have 

ability to reduce the deterioration rate as well as improving the safety and sensory properties of 

the packaged food (Veiga-Santos et al., 2010) 

 

3.2 Pharmaceutical Waste 

In pharmaceutical industry, gelatine has been commonly used as material to protect the active 

ingredient from chemical and physical damage through encapsulation process. There are two 

types of gelatine-based capsule which are hard capsule and soft capsule (soft gel). However, 

the manufacturing of pharmaceutical products usually appeared with generation of abundant 

amount of unwanted gelatine and need to be disposed to the environment. Reusing of this waste 

product will contribute to the reducing amount of the environment waste and also cost generated 

for waste treatment. Other than that, the composition of this waste consists of gelatine, glycerol 

and water, makes it suitable to be used for making an edible film. 

 In this sense, Chiellini, Cinelli, Corti, & Refaye (2001), developed a film from 

pharmaceutical gelatine waste. They also had studied the effect of adding poly (vinyl alcohol) 

as source of natural lignocellulosic polymer and glutaraldehyde as a cross-linking agent on the 

biodegradation rate, water sensibility, thermal and thermochemical properties of the film. As 

the result, the film based on gelatine waste showed high biodegradability under soil burial 

condition. Besides that, the development of composite film and addition of cross-linked agent 

exhibited improvement in film properties. Ever since, there are many attempts to use of gelatine 

waste as raw material for development of protein-based films and coating with sustainable 

appeal. Table 2 below shows the studies of utilization of gelatine pharmaceutical waste for 

development of food packaging film. 

 Based on the Table 2 below, it clearly shows that the gelatine-based film from 

pharmaceutical formed the transparent flexible films with the mechanical properties of low 

tensile strength and high elongation at break. These results were attributed to the higher content 

of glycerol in waste content that increase the mobility of polymeric chain. Basically, the gelatine 

nutraceutical waste composed of 48% of gelatine, 30% of water and 21.8% of glycerol (de 

Moraes Crizel et al., 2016; De Campo et al., 2017). Other than that, addition of fibre and 

ethanolic compound mainly from fruits and vegetable to the film matrix resulted in active films. 

For antioxidant capacity of the film was evaluated by DPPH (2,2-diphenyl-1-picrylhydrazyl) 

and oxidative rancidity test by monitoring the peroxide index value (PI). 
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Table 2: Utilization of pharmaceutical waste for development of food packaging film 

 

 
 
4.0 FOOD APPLICATION OF BIODEGRADABLE FILM  

As has been discussed in the present review, the waste from agricultural and pharmaceutical 

have potential to become alternative source biopolymer and some valuable compound for 

development of active and intelligent biodegradable film. There are a lot of research has been 

carried out to meet the optimum characteristics of the film based on the target application. Table 

3 below shows the current application of biodegradable food packaging reported in recent years.  
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Table 3: Current application of biodegradable food packaging 

 
 

 Based on the table 3 above, most of the researchers are more interested on development of 

active and intelligent food packaging. The active packaging is a packaging system that used 

during storage period for elongation the shelf-life of food. The deterioration rate of food could 

be reduced by lowering the antimicrobial and antioxidant activity due to presence of bioactive 

compound molecule inside the film matrix. Other than that, intelligent food packaging was 

applied to detect the spoilage of the food product. To make this film performed as intelligent 

packaging, combination of film with natural colour pigment such as anthocyanin will make this 

film are sensitive to pH changes which indicate the condition of packaged food.  

 

5.0 CONCLUSION  

As a conclusion, increasing awareness among consumers regarding healthy lifestyle that will 

lead to utilize the renewable natural sources for development of novel active and smart 

packaging food material. To develop the low-cost biodegradable film, several research studies 

had been conducted to identify the most useful industrial waste as source of biopolymers. For 

development of biofilm, combination of two and more polymers were tested, and it is proved 

that film with more than single polymer shows a good effect in mechanical properties. 

Incorporation of film with active ingredients such as antimicrobial and antioxidant also gives 

additional functional of the film to reduces the generation of food waste during transporting and 

storage period. Smart packaging material can be developed by additional of plant extract that 

contained natural pigment to make the film performed as pH indicator to indicate the freshness 

of food product. Anthocyanin is one of the natural colouring agent that is widely used since it 

exhibits various colour over a very broad pH range makes it attractive for application as natural 

pH indicator. Extensive research is still needed to improve the final properties and potential 

application of intelligent film.  
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ABSTRACT 

Oil palm waste used in this study were oil palm frond and oil palm leaves. Both of these wastes 

generated from oil palm plantation were collected, characterized and then pyrolyzed in a 

gasifier to evaluate their potential to be converted into biochar with desirable properties for 

application in wastewater treatment. High carbon content and high fixed carbon were identified 

in the both of the feedstocks which made them had a potential to be converted into biochar. For 

application of wastewater treatment, the biochar should be produced at the temperature higher 

than 500oC. Top lit updraft gasifier (TLUD) was used to produce high temperature biochar. 

TLUD required a biomass with specific characteristic including uniform size; uniform structure 

and low in moisture content (12%).  Approximately about 20 % w/w of biochars were obtained 

from the TLUD gasifier. It was expected that the biochar produced form this process is low in 

moisture content and has high in porous structures indicative of many adsorption sites thus 

showing desirable characteristics for potential application as adsorbent in waste water treatment 

application. Based on the results obtained, biochar from both feedstocks have potential to be 

used as low-cost and environmental-friendly adsorbent for application of wastewater treatment. 

 

Keywords: adsorption, biochar, gasification, oil palm waste, wastewater 

 

1.0. INTRODUCTION 

There are 500 million hectares of oil palm plantation around Malaysia. There are 51.8 million 

hectares of palm oil plantation in Malaysia. The plantations produced crude palm oil (CPO), 

palm kernel oil (PKO) and palm kernel cake (PKC) that have been primary interest. These 

product are used in variety of food product, feed and other application. In 2017, production of 

CPO reached to 19.92 million tonnes, 0.97million tonnes for PKO and 2.207 million tonne for 

PKC (Din, 2018). Approximately 80 million tonne of biomass in dry weight are generated from 

this industry has potential as renewable sources; these including mesocarp fibre (MF), empty 

fruit bunch (EFB), palm shell (PS), oil palm frond (OPF), oil palm leaflet (OPL) and oil palm 

trunk (OPT) (Zwart, 2013).  Currently, most of these biomass are reused as fuels for local mill 

(PS and EFB), as mulching and fertilizer agent (EFB, OPT, OPF) and also used as building 

material (OPF and other biomass).  

Although, some of this biomass has a critical function; returning the OPF and EFB to the 

plantation are essential for maintain the soil’s condition and EFB and PS are used for fuels for 

local mills and remote mills but there are still abundant amount of biomass are not utilized or 

can be mobilized to improved its functionality (Mukherjee & Sovacool, 2014; Umar, Jennings, 

& Urmee, 2013).  However, there are still abundant amount of biomass remained idled or can 

be utilized by improving its current usage. One of the way to convert the oil palm waste into 
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value added product is through gasification process. Basically gasification process is a 

thermochemical process that converting the heating value of carbonaceous materials into 

syngas (usually mixture of hydrogen gas and methane gas), tar and biochar with the high 

temperature (≥ 500 ◦C) and oxygen deficit condition (You et al., 2017) . Generally, yield of 

biochar is commonly lower compared to the other types of thermochemical processes due to 

the partial oxidation carbon into carbon monoxide. Production of biochar as co-product from 

this process is intentionally to maximize the energy yield from the gasification process. 

Most of the research on biochar is mainly focus on the sequestration of carbon due to 

recalcitrant properties and soil application which required high yield of biochar. Although, the 

gasification process is mainly used to produce energy and also bio-oil but still the potential 

usage of biochar from this process cannot be underestimated. Gasification biochar might has 

potential application beyond carbon sequestration and soil application. There many researches 

had shown that gasification biochar has a potential to be used in wastewater application as 

adsorbent due to their high carbon content and high porosity (Kearns et al., 2014; Mohan, 

Sarswat, Sik, & Pittman, 2014). Gasification biochar is a very interesting subject to study 

especially its application in wastewater remediation. For this study, oil palm frond (OPF) and 

oil palm leaves (OPL) were selected as raw materials to produce gasification biochar. 

 

2.0. MATERIALS AND METHODS  

2.1. Source and Preparation of Raw Materials 

Two types of raw materials namely, oil palm frond (OPF) and oil palm leaflet (OPL) were 

obtained from local plantation located in Tampin, Negeri Sembilan. The collected OPF and 

OPL were chopped using a chopper into smalller pieces (1 mm - 2 mm size) and rinsed with 

tap water. Then the both feedstock were then dried in a vacuum oven for 24 hours to avoid any 

further rotting. 

 

2.2. Gasifiacation of OPL and OPF 

Biochars in this research were produced by using gasifier. Before pyrolysis process, the dried 

raw materials were sieved to ensure uniformity of the size particles to ensure the raw materials 

are uniformly pyrolyzed to obatain high quality char. The pyrolzer used in this research was 

Belinio Pyrolyzer as shown in Figure 1. The dried raw materials were weight before filling it 

into gasifier. Raw materials were then filled in the pyrolyzer about ¾ of the reactor body. The 

small pieces wood or papers were used kindling. The kindling was then lighted and it would be 

burnt strongly. The fan was then turned to provide air to assist pyrolysis process and the 

temperature of the process is monitored for quality control and assurance. The raw materials 

were burnt from top to bottom. The raw materials were then burnt until bluish flame. After that, 

the fan was switched off and the gasifier was allowed to cool. The chars was removed from 

gasifier and sprayed with water to remove fine and ash. The chars were cooled until it cool 

enough to handle. The chars produced were weight to calculate the percentage yield of char by 

using equation 1 below. 

% Yield = 
W1- W2

W1
 x 100% ------------------------------------------------------------- Equation 1 

Where 

W1 = Weight of raw materials 

W2 = Weight of biochar 

 

 



ICSET 2018 24 

 

2.3. Determination Of pH of Biochar 

Both biochars were soaked in the deionized water (ratio of 1:25 %wt. /v solid to water ratio) 

for one hour with agitation. The pH of the slurry was then test with pH meter. 

 

2.4. Proximate Analysis  

The proximate analysis of both OPL and OPF biomass were done based on National Renewable 

Energy Laboratory (NREL) 2008 for moisture content, ash content and volatile matter. The 

proximate analysis of biochars were done based on ASTM method (ASTM D2867-09, ASTM 

D5832-98 and ASTM D2866-04). 

 

2.5. Fourier Transform Infrared Spectroscopy (FT-IR) 

The functional group of both OPF and OPL biochar were analyzed using Fourier Transform 

infrared spectroscopy (Nicolet 5700, FTIR, Thermo Fisher Scientific, Waltham, MA, USA). 

Both OPF and OPL biochar were mixed with potassium bromide with ratio of 1:2000 to form 

pellet. All the spectra were obtained from wavenumber from 500 cm-1 – 4000 cm-1 with 

resolution of 8 cm-1. 

 

2.6. Adsorption Test  

About 3 gram of OPF and OPL biochar were added to the conical flask containing 100 ml of 

aerobically treated palm oil mill effluent (POME). The mixtures were then shake at 150 rpm 

using incubator shaker for 24 hours and samples were withdrawn at known time interval. The 

treated samples were then tested for chemical oxygen demand (COD) by using colorimetric 

method using HACH high range COD vials.  

 

3.0. RESULTS AND DISCUSSION 

3.1. Gasification of OPF and OPF 

The main products of gasification process are usually consist of syngas, bio-oil and biochar. 

The biochar product coming from the gasification process are usually lower compared to other 

type of thermochemical processes such as pyrolysis, hydrothermal and torrefaction. For this 

study, the biochar yield for both OPF and OPL biochar were 15% - 20% as shown in Table 1. 

This due to the partial oxidation of carbon into carbon monoxide and other flue gasses (James, 

Yuan, & Boyette, 2016; You et al., 2017). Other than that, the temperature of the gasification 

are usually ≥ 500 ◦C which is good for the production of high porosity biochar (Mohan et al., 

2014). In this study, the range of maximum temperature of the gasification process for both 

biochar were 500 ◦C – 900 ◦C by controlling the speed of the fan that proving the air supply.  

 

Table 1: Data of gasification process for OPF and OPL biochar 

Type Of Biochar OPF OPL 

Maximum Temperature, (˚c) 500 – 950 500 - 800 

Yield Of Biochar (%) 15 - 20 11 - 15 

 

3.2. pH of Biochar  

The pH for both OPF and OPL biochar in this studies were 8 and 9 respectively which were 

alkaline. The alkaline pH are usually observed in the gasification biochar due to their metal 

salts, ash content  and high degree of carbonization (Hansen et al., 2015; Shen, Linville, 

Ignacio-de Leon, Schoene, & Urgun-Demirtas, 2016). Other than that, reduction of acidic 
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functional group during gasification process also contributed to high pH value of the biochar 

(Domingues et al., 2017). 

 

3.3. Proximate Analysis and Fixed Carbon of Biochar  

Table 2 and Table 3 showed the proximate analysis for both raw materials and biochars (OPF 

and OPL).   

 

Table 2: Proximate analysis and fixed carbon for raw material (OPF and OPL) 

 

Table 3: Proximate analysis and fixed carbon for biochars (OPF and OPL) 

Type Of 

Feedstock 

Moisture Content 

(%) 

Ash Content 

(%) 

Volatile Matter 

(%) 

Fixed 

Carbo

n (%) 

OPF 3.71 12.38 15.57 68.34 

OPL  4.46 15.51 17.33 62.70 

 

Based on Table 2, the moisture content of the OPF was higher than OPL. For the 

gasification process, the moisture content of both feedstock should be within 5% - 15% to 

ensure good quality biochars produced and also to ensure proper combustion of both OPF and 

OPL. Both OPF and OPL also had high percentage of volatile matter with the value of 86.49% 

and 73.49% respectively. Feedstock with high volatile content could promote production of 

porous structure and reactivity of biochar (James et al., 2016; You et al., 2017).   

In Table 3, it can be observed that both OPF and OPL biochar had low moisture content 

with OPF biochar had value of moisture content, 3.71% which was lower than OPL. Other than 

that, it can be seen that both OPF and OPL had ash content of 12.38% and 15.51% respectively. 

Some studies stated that for a material to be good adsorbent, the ash content should be range 

from 1% - 20% (Abdullah et al., 2001; Ekpete, Marcus, & Osi, 2017). Thus, make both OPF 

and OPL biochars to be considered its application as adsorbent in adsorption process.  

After gasification, the volatile matter was decreased and the fixed carbon was increased. 

The declined volatile matter was due to the conversion of volatile matter into more condensed 

aromatic structures and/or may be burned out which might help in the development of porous 

structure of biochars (Park et al., 2013).  

 

3.4. Fourier Transform Infrared Spectroscopy (FT-IR) 

FTIR analysis was done to determine the functional group of the biochars. Figure 1 and Figure 

2 showed the FTIR spectra of the both OPF and OPL biochar. The functional group of both 

biochars were nearly the same and aliphatic and aromatic are predominant. Peak at 3400 cm-1 

and 3600 cm-1 corresponded to O –H stretch bond with carboxylic acid functional and were 

detected from both OPF and OPL biochars. Peak at 1400 cm-1 and 1600 cm-1 correspond to C-

C stretch in ring indicated the presence of aromatic ring in both chars. Both of these functional 

group are commonly found in gasification biochar (Angın, 2012a; Qian, Kumar, Zhang, 

Bellmer, & Huhnke, 2015; You et al., 2017). 

Type Of 

Feedstock 

Moisture Content 

(%) 

Ash Content 

(%) 

Volatile Matter 

(%) 

Fixed 

Carbo

n (%) 

OPF 12.07 0.92 86.49 12.59 

OPL 9.65 16.81 73.49 0.05 
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Figure 1: FTIR spectra for OPF biochar 

 

 
Figure 2: FTIR spectra for OPL biochar 

 

3.5. Adsorption Test 

Figure 3 shows the reduction of COD from the aerobically treat POME by using both OPF and 

OPL biochar as adsorbent. It was found that both of OPF and OPL biochars were capable to 

remove more than 50% of COD from the aerobically treated POME. The main problem of the 

aerobically treated POME was the presence of high level of COD value. Initially, the COD of 

the POME was 3960 mg/L. After 24 hours of contact time with the biochars, about 62% and 

72% of COD was removed from the aerobically treated POME.  
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Figure 3: Removal of COD from aerobically treated POME (dosage: 3g/100 ml) 

 

This is due to the high adsorption capacity of both OPF and OPL biochar. The presence 

of oxygen containing functional group such C-O, O-H and aromatic functional as shown in the 

Figure 1 and Figure 2 were directly related to high adsorption capacity. Other than that, the 

presence of functional groups in the biochars could be served as strong active sites, thus it 

enhanced the adsorption ability of the biochars (Angın, 2012; Mohan et al., 2014; You et al., 

2017). 

 

4.0. CONCLUSION 

Gasification studies indicated that other valuable and functional products (biochar) can be 

produced by using OPF and OPL which are only currently used as mulching and fertiliser. The 

biochar from the gasification process is not only can be used as soil conditioning but it can also 

be used in wastewater treatment as adsorbent due to its unique characteristic; low in moisture 

content, low ash content and high fixed carbon content. However, more testing or analysis 

should be done to gain more understanding the adsorption mechanism of gasification biochar. 
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ABSTRACT  
Oxo-biodegradable polymers are gaining popularity in response to environmental concerns. 

However, soil burial respirometric methods such as Chiellini et al. (2003) jar test need to be 

verified independently to confirm that these polymers are truly metabolised to CO2 and H2O 

as claimed. The aim of this study therefore is confirm the suitability and repeatability of 

Chiellini’s biodegradation method using four different oxo-biodegradable polyolefins from 

supermarket shopping bags, commercial compost as negative and a tissue paper as positive 

control. A 9 weeks incubation trial was conducted at 55°C and CO2 production monitored using 

the titration method. One sample underwent a 1 day UV oxidation prior to the biodegradation 

test. Samples were characterized by FTIR, while compost was subjected to a proximate 

analysis. The FTIR results illustrated a diversity of polyolefins being used in shopping bags. 

The moisture content of commercial compost was 78.8 2.7 wt.%. The volatile matter (VM) 

content representing the biodegradable fraction was 6.4 0.8 wt.% (as received) which equals 

a VM-to-sample ratio of 0.32 : 0.35 (dry weight basis). Biodegradation tests revealed that MR 

D.I.Y. plastic sample degraded fastest followed by MR D.I.Y (UV), Mydin and tissue paper, 

while no degradation for the first 1000 hr was observed for negative control and the AEON 

specimen. Repeatability varied and was best for MR D.I.Y. (UV) ( 4-16%), followed by 

Mydin ( 6-19%), Mr DIY ( 7-26%) and tissue ( 26-59%). Poor degradation of cellulose 

tissue paper may be due to high degree of crystallinity and highlights the importance to 

standardise material for positive control. The observed differences in biodegradation 

performance highlights the importance to standardise age and exposure history of specimen 

used for this test. Weight of compost to be added on dry basis to ensure reproducibility. Overall 

weight loss of the water from the biometer jar was 0.06 mL / d suggesting that a top up of 2.9 

mL distilled water is required every 50 days to maintain moisture level and microbial activity. 

Locally sourced jar, perlite and compost appear to be suitable for this test.  

 

Keyword: Soil burial test, oxobiodegradable plastics, polyolefin biodegradation, biometer 

flask, respirometric test  

 

INTRODUCTION  
Biodegradable plastic materials have become an interest in the world due to the environmental 

issue at the end of its service life (González-Sánchez et al., 2014). With the excessive use of 

plastics and limited available land used for plastic waste disposal, the need for biodegradable 

plastics and biodegradation of plastic wastes has gained considerable importance in the last few 

years (Shah et al., 2008).  

 Several test methods have been developed to investigate the biodegradability of polymeric 

material such as ASTM D6954, EN 13432: 2000 and JIS K6953. For example ASTM D6954 

provides guidelines that allow for the comparison and ranking of the rate and degree of thermal 
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oxidation and biodegradation of plastic material in various environments such as soil, compost, 

landfills and water. Chiellini et al. (2003) reported a method that evaluated the biodegradation 

of thermally degradable, low-density polyethylene (LDPE) samples infused with pro-oxidant 

additive TDPATM in soil and mature compost over a period of 80 weeks using a respirometric 

test. The authors observed that thermally oxidised LDPE was biodegraded between 49 to 63 % 

after 85 weeks of incubation depending on addition of fresh inoculum and amount of polymer 

charged into the biometer flask. The test appeals for its straight-forward set-up and use of 

commonly available, affordable material. In order to deploy this test in other laboratories, 

however, it is necessary to verify its reproducibility and identify any operational challenges not 

reported directly. For example, the authors mentioned that 40 mL of distilled water was added 

to the biometer after 5 months suggesting an average water loss of 0.27 mL / d due to 

evaporation. Water is essential for microbial activity. A lack of maintaining an adequate level 

of water is thus likely to compromise the test in terms of observed degree and rate of plastic 

degradation. 

 Our study, therefore, aims to verify the proposed water loss of Chiellini & Corti (2003) 

method, identify any other as well as its general reproducibility with locally sourced material 

and positive control. 

 

METHODOLOGY 

Test Materials 

Oxo-biodegradable plastics as test samples were collected from three different supermarket; 

MR D.I.Y, AEON, and Mydin, washed, dried and cut into < 4 mm pieces prior to addition to 

biometer. The Mr D.I.Y underwent a 24 hr UV exposure using a HLF-120 Gelman laminar 

flow cabin to study the effect of abiotic pretreatment on biodegradability as required by ASTM 

D6954. Kleenex tissue paper was used as positive control in respirometric biodegradation 

experiment and blank sample of jar and compost are used as negative control (Table 1). 

Reagents used in this experiment are 36%-38.5% HCl from Baker (A.C.S reagent grade) and 

99% KOH from Systerm©. Perlite and compost were obtained from Fook Choon Trading 

nursery (Malaysia). 

 

Table 1: Samples in respirometric biodegradation experiment 

 
 

Sample Preparation 

Biodegradation tests were carried out in 500 ml cylindrical flasks (Figure 1). Into each flask 5 

g of compost was added and mixed with 20 g of perlite, supplemented with 25 ml of 0.1 % 

(NH4)
2HPO4 solution in accordance with Chiellini & Corti (2003). Each plastic samples and 

positive control were sandwiched between two layers of 10 g perlite wetted with 30 ml distilled 

water. The jar was equipped with a 50 ml open glass container containing 40 ml of 0.05M KOH 

to capture the CO2 (Figure 1). The KOH solution was replaced every 3 d for the first 3 weeks 

and 7 d for the remaining experimental period. Jars were transferred into an incubator 
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(Memmert) heated to 55°C. Experiments were carried out in triplicate to test the repeatability 

of the test. 

 

Figure 1: Experimental set-up of Chiellini et al. (2003) biodegradation test. (A) Schematic 

representation, (B) actual biometer flasks inside incubator. 

Solution Preparation 

HCl solution was standardised using KOH according to following equation: 

HCl + KOH → KCl + H2O 

 

Proximate Analysis 

The proximate analysis of compost was carried out based on ASTM D 1762-84 (2011) to 

determine moisture content, volatile matter and ash content. In brief, duplicate compost samples 

of 1 g were heated in porcelain crucibles, and the sample weight differences before and after 

heating were determined. 

 For moisture content, samples were oven-dried at 105 °C for 2 hours. For volatile matter 

determination, oven-dried samples were heated to 950 °C for 11 min in covered crucible. The 

ash content was determined at 750 °C for a minimum of 2 hours with uncovered crucible. The 

calculations for moisture content, volatile matter and ash content are as followed: 

 

Moisture (%) = [(A - B)/A] x 100 

where A = grams of air-dried sample and B = grams of samples after air dried at 105°C. 

 

Volatile matter (%) = [(B - C)/B] x 100 

C = grams of samples after air dried at 905 °C 

 

Ash (%) = [D/A] x 100 

D = grams of residue 
 

The fixed carbon content was determined using following equation (ASTM D3172): 

 

% Fixed Carbon = 100 - (% moisture + % ash + % volatile matter) 
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FTIR Characterization  

Original samples were characterized using Nicolet™ iS™10 FT-IR Spectrometer (Thermo 

Scientific™, iS10). The attenuated total reflectance (ATR) technique was used at wavelength 

range of 650 - 4000 cm-1, a resolution of 4 cm-1 and 32 scans.  

 

Cumulative CO2 Data Analysis  
CO2 production was determined by titrating KOH with standardised 0.1 M HCl to pH 7 every 

3 days for the first three weeks and 7 days for remaining period. During the incubation period 

the CO2 reacts with KOH to form carbonates according to the following equation:  

 

2KOH + CO2 → K2CO3 + H2O 

 

After converting the amount of HCl consumed during the titration into number of moles 

of CO2, the cumulative amount of CO2 was plotted against incubation time using a spreadsheet.  

 

Weight Loss of KOH  

To determine the daily average weight loss of water from the jar (Mloss,H2O), the weight 

difference of the jar before placement in the incubator and after 7 days of experiment was 

calculated for each sample as follows: 

 

where Mjar,0 is the initial weight of the jar [g], Mjar,0 is the weight of the jar after 7 d [g], 

V(NH4)
2HPO4 the volume of (NH4)2HPO4 added to the jar according to Chiellini et al. (2003) 

[g], VdH2O the volume of distilled water added (Chiellini et al., 2003) [g], VMC-C the initial 

moisture content of the compost in the jar [g], and tmonitor the duration during which the water 

loss was determined [d]. 

 

RESULTS AND DISCUSSIONS 

Proximate Analysis 

The proximate analysis of the compost revealed that it primarily comprised of moisture (Table 

2). 

 

Table 2: Proximate analysis of compost (n = 2) 

 
 The results of moisture content from previous study indicate that there is wide range of 

optimum moisture content thus no standard of optimum level for moisture for diverse 

composting materials (Kim et al., 2016). The microbial activity increased at proper level of 
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moisture content. Several researchers suggested that moisture content should be around 25% to 

60% and below this limit will decrease microbial activity (Ahn et al., 2008; Haug, 1993; Liang 

et al., 2003) 

 

FTIR Analysis 

FTIR spectra of as received plastic bags from MR D.I.Y, MR D.I.Y + UV, AEON and MYDIN 

are illustrated in Figures 2-4. For comparison, the spectrum of pure LDPE reported by Jung et 

al. (2018) is presented in Figure 1. The possible chemical groups and bonds present in each 

sample are summarised in Table 3. 

 Pure LDPE exhibits characteristics peaks at 1462-1467 cm-1 which are assigned to the C-

H bond of methylene with bending deformation (Ali et al., 2016). Peak 1377 cm-1 is due to 

methyl bending of branched chain ends (Jung et al., 2018) while peaks at 2915 cm-1 and 2845 

cm-1 are assigned to CH2 undergoing asymmetric stretching (Asensio et al., 2009, Ali et al., 

2016 & Jung et al., 2018). The peak at 730 cm-1 indicates the presence of four or more 

consecutive methylene groups (Socrates, 2001) while 717 cm-1 represents CH2 with rocking 

deformation (Asensio et al., 2009, 2009; Verleye et al., 2001; Noda et al., 2007, Ali et al., 2016 

& Jung et al., 2018). 

 

Table 3: Chemical Functional Groups in different plastic samples 

 



ICSET 2018 34 

 

 

Figure 1: ATR-FTIR spectrum of pure LDPE 

  

 The peak characteristics of MR DIY shopping bag shown in Figure 2 suggests the presence 

of aromatic carbon which indicates that this bag was manufactured from a polymer other than 

LDPE. Comparison of the MR DIY spectrum with MR DIY+UV (Figure 3) revealed a similar 

spectrum but peaks have shifted towards lower wavenumbers for MR DIY+UV. 

 

 

Figure 2: ATR-FTIR spectrum of the MR DIY specimen 
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Figure 3: ATR-FTIR MR DIY+UV Spectrum and zoom between 500 cm-1 to 2000 cm-1 

 

 The FTIR spectra for MYDIN (Figure 4) and Aeon (Figure 5) appeared to have the same 

characteristic peaks exhibited by pure LDPE. Additional peaks were detected at 875 cm-1 for 

Aeon indicating presence of an aromatic compound while Mydin sample had further peaks at 

1020 and 1740 cm-1 representing ester carbonyl bonds (Muthukumar et al., 2010). The 

resemblance of the spectra with the spectrum of the LDPE sample used by Chiellini et al. (2003) 

suggests that pro-oxidants were added to both Mydin and Aeon shopping bags. 

 

 
Figure 4: ATR-FTIR MYDIN Spectrum and zoom between 500 cm-1 to 2000 cm-1 
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Figure 5: ATR-FTIR Aeon Spectrum and zoom between 500 cm-1 to 2000 cm-1 

 

Biodegradation Analysis 

In respirometric biodegradation test, each plastic samples were incubated in 55°C in 

comparison with positive controls and blank samples. The cumulative CO2 emissions from the 

jar are illustrated in Figure 6. The negative control as well as Aeon sample showed no microbial 

activity for the first 1000 hr with marginal CO2 production afterwards. The most degradable 

polyolefin appeared to be from MR DIY shopping bag. Pre-treatment of MR DIY with UV had 

an unexpected detrimental effect on its biodegradability. Microbial respiration of positive 

control appeared restrained probably due to high crystallinity of the tissue sample used. In 

contrast, Chiellini et al. (2003) used a cellulose-based filter paper as positive control and 

observed greatest microbial respiratory activity. This suggests that type of cellulose-based 

positive control plays an important role. 

 

 

Figure 2: Cumulative CO2 emissions for oxobiodegradable plastic samples, cellulose tissue 

and negative controls in a soil burial respirometric test 



ICSET 2018 37 

 

Weight Loss of Water  
Weight loss monitoring of the jar has shown that on average an evaporative loss of 0.058 mL / 

d occurred. This value was 4.6 times lower than the loss estimated for Chiellini et al. (2003) 

probably due to the higher humidity experienced in Malaysia compared to Italy. Our findings 

suggest that water loss is site-specific and should be carried out routinely when conducting the 

biodegradation test. For our laboratory it is recommended to top up the jar with 2.8 mL every 

50 d to ensure adequate moisture and hence microbial activity.  

 

CONCLUSION  
The respirometric biodegradation test can be used using locally available material. Water loss 

from the jar appears to be site-specific and should be routinely monitored during biodegradation 

tests. For conditions experienced in our laboratory it is recommended top up the jar with 

distilled water every 30 days. Non-LDPE based polymers appear to be more readily degradable 

than LDPE-based plastics. The type of cellulose sample appears to play an important roles in 

its biodegradability. Preliminary biodegradation tests on selected cellulose material should be 

carried out to establish its suitability as positive control.  
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ABSTRACT 

To address issues related to climate change, the conventional use of fossil fuels has begun to 

shift towards alternative, renewable sources of fuel such as biomass in the form of residues 

from the agricultural or plantation industry. However, the combustion of biomass causes several 

operational issues, such as higher slagging and fouling propensities, and high particulate matter 

emissions. These issues are caused by higher alkali metal contents in the biomass. Biomass 

such as palm based empty fruit bunches (EFB) have high alkali metal contents and are used for 

generating heat and power. In this preliminary study, the amount of ash and slag for EFB with 

different alkali contents are also estimated using FactSage and validated with ashing 

experiments. Both methods enable furnace operators to estimate the alkali content and slag 

propensity, permitting them sufficient time to adjust the furnace operating conditions 

correspondingly. 

 

Keyword: Alkali metals, biomass, flame emission spectroscopy, slagging behavior. 

 

INTRODUCTION 

The conventional use of fossil fuels for power generation has begun to shift towards alternative, 

renewable sources of fuel such as biomass in the form of residues from the agricultural or 

plantation industry (“Environmental Finance Publications, South Korea Steams Ahead,” 2012; 

Piwowar & Dzikuć, 2016). With its abundance in biomass resources, Malaysia is one of the top 

exporting countries of pellets that is used for heat and power generation (Miller & Harsh, 2015). 

However, the combustion of biomass causes several operational issues, such as higher slagging, 

fouling propensities, and high particulate matter emissions. These issues are caused by higher 

alkali metal contents in the biomass, which devolatilize, nucleates and condenses to form 

hydroxide, chloride and sulphate compounds(Niu, Tan, & Hui, 2016; Subramani & Jayanti, 

2011; Wu, Wang, Wang, Li, & Wei, 2016; J. Zhang et al., 2001). When the temperatures are 

high enough (depending on the alkali metal content), the alkali metal compounds form slags in 

the form of aluminosilicates (Paneru, Babat, Maier, & Scheffknecht, 2016). Biomass such as 

palm based empty fruit bunches (EFB) have high alkali metal contents and are occasionally 

used for generating heat and power (Leffler, Brackmann, Berg, Aldén, & Li, 2017; Lim, 

Zulkifli, & Hassan, 2017; Mason, Darvell, Jones, & Williams, 2016; Yan, Lou, Cheng, Zhao, 

& Zhang, 2017; Yuan, Li, & Yao, 2015). 

 As mentioned earlier, potassium contributes to the deposition of slagging and fouling 

during the thermal process (Deng, Ye, Jin, Zhu, & Che, 2017; Z. hao Zhang, Song, Alwahabi, 

Yao, & Nathan, 2015). The amount of potassium present in biomass can vary substantially 

depending on the biomass type(Clery, Mason, Rayner, & Jones, 2018), and is mostly present 

as free K+ ions in solution within the xylem cells(Clery et al., 2018). To understand the slagging 

and fouling mechanisms, a commercially available software, FactSage 7.1, is used for 

simulating the chemical process of combustion, ash and slag formation in the form of alkali 

metal based aluminosilicates(Grimm, 2012; Liao, Wu, Chen, Cao, & Ma, 2015; Paneru et al., 

2016; van Dyk, Waanders, Benson, Laumb, & Hack, 2009). The amount of ash estimated from 

the simulation are validated with those from experiments. The OES and simulation tool 

presented here shows that the both methods enable furnace operators to estimate the alkali 
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content and slagging propensity, permitting operators sufficient time to adjust the furnace 

operating conditions correspondingly. 

 

METHODOLOGY 

The in-situ method is based on estimating the amount of ash and slag, FactSage 7.1 is used to 

simulate the chemical reactions based on Gibbs free energy minimization and thermodynamic 

equilibrium. The simulations are performed for EFB samples collected from a shredder (FS1-

3) and those collected from a pile (FP1-3). Their elemental compositions are taken as inputs 

into FactSage 7.1, and are determined via an energy dispersive X-ray spectroscope (EDX) that 

has a Bruker XFlash Berrylium 6/60 detector (8386 series). The FS1-3 and FP1-3 samples are 

combusted in a Carbolite Chamber Furnace at temperatures of 650, 800 and 950 °C, shown in 

Figure 1. 

 The amounts of ash or slag that is produced are weighed and compared with the total ash 

and slag estimated from the FactSage 7.1 simulation at the three respective temperatures. The 

simulation is performed using two modules: the Equilibrium and Phase Diagram module. With 

the Equilibrium module, the FactPS, FToxide, and Ftsalt databases are chosen for simulating 

the reaction for gas, liquid, and solid pure compounds. FT-Oxide-SLAGA AND FT-SALTF 

are chosen to simulate the reaction of the molten solution phase for the potassium and 

aluminosilicate reactions. 

 

 
Figure 1: (left) FP1-3 and FS1-3 samples (middle) Carbolite Chamber Furnace (right) ash/slag 

samples after combustion sent for EDX analyses. 

 

RESULTS 

Table 1 shows the elemental composition of the various EFB samples before combustion. The 

elemental composition (in % weight) for each sample is averaged over five readings. These 

concentrations are used to estimate the concentration of potassium compounds in the form of 

chloride, sulphate and hydroxide (KCl, K₂SO₄, and KOH) which are emitted during the 

combustion of biomass (Niu et al., 2016; Paneru et al., 2016). FactSage 7.1 is used to simulate 

the reaction of the three compounds with silica oxide (SiO2) which form silicates. The amount 

of KCl is approximated to the amount of Cl in the EFB samples; the amount of K₂SO₄ available 

for the reaction with SiO2 is approximated by the amount of sulphur in the EFB. The amount 
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of KOH is approximated by subtracting the total concentration of K from the total concentration 

of S and Cl. The reaction of the potassium compounds with SiO2 is shown below, and is 

simulated with thermodynamic equilibrium models that are available in FactSage 7.1: 

 

2KOH + K2SO4 + 2KCl + 3SiO2 ̶ ˃ 3K2OSiO2 + SO3 + 2HCl 

 

Figure 2 shows that the experimental and simulated amount of ash and slag are almost 

similar, except for 950 °C. The differences range from 0.5 to 142%, with the largest deviation 

observed for FS1 at 950 °C. Thirteen out of eighteen simulations underestimates the ash and 

slag weight.  

At temperatures of 650 °C, the ash composition predominantly consists of K2SiO3, 

K2SiO5, K2Si2O5, K2Si4O9 solid compounds. Potassium chloride and hydroxide compounds 

(KCl and KOH) exist in the Salt-Liq phase. At temperatures of 800 °C, the phases in the ash is 

predominantly salt-liq. & slag-liq. phase. The proportion of KCl and KOH in Salt-Liq phase 

increases.  

 At 950 °C, the slag-liq. phase is the highest, while the proportion of KOH in the Salt-liq 

phase decreases. This is because above temperatures of 950 °C, there are reports where 

potassium is re-released from the ash compounds(Erbel, Mayerhofer, Monkhouse, Gaderer, & 

Spliethoff, 2013), and is taken up in another form due to its volatile nature(Kirnbauer Friedrich 

& Hofbauer, 2011), leading to less slag-liquid phase and silica based compounds. Other 

simulations show that above 950°C, suggesting that the re-released potassium form gaseous 

hydroxide compounds (KOH) (Paneru et al., 2016). 

 

Table 1: Elemental composition of different EFB samples from EDX analysis 
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Table 2: Ash/slag amount from simulated from Fact Sage 7.1 
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Figure 2: Experimental and simulated amount of ash/slag from FP1-3 and FS1-3 EFB samples 

for reaction temperatures of (a) 650°C (b) 800°C (c) 950°C 

 

CONCLUSION 

The amount of ash and slag for EFB with different alkali contents are also estimated using 

FactSage and validated with ashing experiments. Both methods enable furnace operators to 

estimate the alkali content and slag propensity, permitting them sufficient time to adjust the 

furnace operating conditions correspondingly. 
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ABSTRACT 

Demand on bioplastics to minimize petroleum-based plastics use is increasing over the past 

years. Despite the biodegradability of bioplastics, cascade utilization and life cycle of the 

material should be optimized. Feasibility of using superheated steam (SHS) hydrolysis for the 

depolymerization of microbial bioplastic, polyhydroxyalkanoates (PHAs) and blends with 

petroleum-based polymer was investigated. Weight loss was recorded to monitor the pattern of 

degradation at selected retention time. Mechanical separation of bioplastics and blends 

subjected to SHS were conducted for feasibility of separation of chemical recycling. All 

samples were prepared from pellets to form homopolymer and PHA petroleum-based blends 

strip prior SHS in an oven within 110 – 160 °C. Two categories of product were obtained at (a) 

110 – 140 °C and (b) 150 °C and formation of solid flakes. Minimal weight loss of less than 5 

% and 2 % for homopolymer and PHA blends were observed on PHA SHS hydrolysis at 140 

°C for 30 – 120 min respectively. Approximately 80 – 95 % separation can be realized brittle 

PHA flakes resulted from SHS hydrolysis at 140 °C. Higher hydrolysis temperature within 150 

– 160 °C shown a rapid weight loss (%) estimated to form volatile monomeric products. 

Nevertheless, size reduction and segregation of plastics waste prior to SHS hydrolysis were 

essential for efficient separation and collection of hydrolyzed products. Cascade utilization of 

PHAs and PHAs blends was encouraging through SHS hydrolysis with promising products of 

flakes. 

 

Keyword: polyhydroxyalkanoates; superheated steam hydrolysis; chemical recycling 

 

INTRODUCTION 

Polyhydroxyalkanoates (PHAs) are widely known bioplastics produced by microorganism. 

They are fully biodegradable and characterize as highly crystalline to from rigid and highly 

crystalline to flexible due to their monomeric unit [1]. PHAs contain approximately 145 

varieties which were influenced by the fermentation media ingredients and modes depending 

on the microorganism involved [2]. This superior material contains hydrolyzable linkages 

which are prone to biodegradation by microorganism and hydrolytic enzymes. Post-consumer 

products of this bioplastics were reported to degrade in soil [6], [7], marine [8], sewage [9], 

[10], [11], and composting [12] [13] environments. Despite the biodegradability, single use of 
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bioplastic is insignificant without the consideration of sustainability in its production and 

carbon cycle. Elimination of single-use products is one of the principles for the development of 

sustainable biomaterials throughout their life cycle [14]. Thermoplastic characteristic of PHAs 

enhances the opportunity for recycling and this could lead to the saving of material resources 

and the reduction of bioplastic waste. Chemical recycling being introduced as the tertiary type 

of recycling in the plastic waste management used to refer to a process to convert plastics 

material into smaller molecules [15] or a process to depolymerize polymers into low Mw 

materials before repolymerizing it into new polymers [16]. Through chemical recycling, 

cascade utilization of polymers could be introduced before they are finally being released to the 

environment. The new concept of carbon cycle embedded with chemical recycling of PHA is 

introduced as a method for sustainable development. Chemical recycling of biopolymers 

intended to reduce the amount of waste going to the landfills, minimizing the use of material 

resources and reusing the recovered monomers for other applications. It is pertinent for the solid 

waste management and also for producing valuable materials. Therefore, careful consideration 

is to be made in evaluating the suitable technology for the chemical recycling of superior 

materials such as PHA. 

 Depolymerization methods were conducted using abiotic hydrolysis [17], [18], thermal 

[19], [20], photolysis [21], alcoholysis [22], enzymatic hydrolysis [23] and microwave-assisted 

depolymerization [24)] to obtain oligomeric and monomeric PHA for chemical recycling. Some 

of these methods have leading to difficulty in recovery of PHA constituents for further 

applications. Series of limitations were reported using these methods including slow reaction 

time, non-specific reaction, apparatus corrosion, high energy consumption, specific reaction 

sites, various molar mases with broad polydispersity index (PDI) and reversible reaction. Steam 

hydrolysis (SH) of Polyhydroxybutyrate (PHB) in the melt have been reported by Saeki et al. 

[25] and for poly(L-lactic) acid (PLLA) at 110 – 130 ºC as discussed by Mohd-Adnan [26]. 

However, the commercialization of saturated steam hydrolysis in a high scale was doubted due 

to the safety issue during process handling. 

 On the other hand, Superheated Steam (SHS) was introduced in varies drying industries to 

heat or dry materials without oxidation. It is produced from heated steam to a higher 

temperature than the boiling point of water and behaves similarly to both as a dry hot gas and 

as steam. Furthermore, SHS condenses to water easily as it comes into contact with materials 

lower than its boiling point. Both convective and radiative heating heat transfer can occur in 

SHS attributed to a high emissivity contrast to hot air which only allows convective heat transfer 

[27]. The potential of using SHS in PHAs hydrolysis is yet to be evaluated. Taking advantages 

of this semi crystalline material, we intend to explore the potential of PHA homopolymer 

depolymerization through SHS hydrolysis and PHA blends separation at laboratory scale. 

Furthermore, use of SHS oven is very convenient as it is as easy as cooking meals. 

 

MATERIALS AND METHODS 

Materials 

PHB and PHBV (12 mol% HV) were obtained from Sigma-Aldrich (Germany) Polyethelyne 

(PE) and Polypropylene (PP) pellets were purchased from Polyethylene Malaysia Sdn. Bhd and 

Polypropylene (Titan Ltd) respectively. All polymers used in this study were used as received. 

Chloroform was purchased from Sigma-Aldrich (Germany) for PHB solvent casting. 
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Preparation of PHBV and polymer blends films 

PHB film of 100 ± 10 μm in thickness were prepared by 2% w/v solvent casting [28] from PHB 

powder using chloroform and petri dish of 60 mm in diameter. The thin films were kept in 

vacuo overnight and kept in airtight container prior to use. PHBV 100%, PE/PHBV, PP/PHBV 

and PE/PHB blends were prepared at 70:30, 60:40, 70:30 and 80:20 wt% respectively. The 

pellets were manually mixed in a container prior to 10 min melt in Brabender internal mixer at 

temperature 170°C. The polymer blends were then molded for 5 min in an electrically heated 

platen press and hot pressed at a pressure of 10 atm to form 1.0 mm in thickness of plastic films 

in between two stainless steel plate. The plastic films were then cold pressed for 5 min and 

cooled to room temperature prior to storage in an airtight container until use. 

 

Superheated steam hydrolysis of PHB and PHBV blends 

The SHS hydrolysis of PHBV was performed in a superheated steam oven model QF-5200C 

by Naomoto Corporation, Japan. Internal temperature of the SHS oven was thermostated within 

± 2 °C. All samples were hydrolyzed at 140 °C for 30 – 120 min and at 150 - 160°C for 90 min. 

PHAs films and blends were placed in aluminium trays individually for weight loss study and 

mixed in a tray for separation study. SHS hydrolysis set-up is illustrated in Figure 1. Upon 

hydrolysis, polymer films were dried in a vacuum desiccator at room temperature overnight and 

kept at room temperature in an airtight aluminium bag until analysis. 

 

 
FIGURE 1: PHA blend films preparation and SHS hydrolysis experimental procedure. 

 

Weight Loss 

Weight loss during SHS hydrolysis were monitored. The percentage of weight loss was 

calculated as shown as Equation 1 [21] 

 
Where Wo and Wt are the weight of samples before and after steam hydrolysis for a prescribed 

time, respectively. 
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RESULTS AND DISCUSSIONS 

Weight loss (%) observation of PHA and blends of selected MW. Figure 2 shows the weight 

loss obtained from SHS hydrolysis at 140 °C for PHB (100%), PHBV (100%) and PHAs blends. 

SHS hydrolysis at 140 °C was chosen based on thermal properties to obtain solid flakes of 

hydrolyzed PHAs for chemical recycling. Weight loss of polymeric materials often related to 

the volatilization of low MW material especially the monomeric molecules. Minimal weight 

loss was observed on PHAs SHS hydrolysis for 30 min and prolong the time increased the 

weight loss. This is supportive to our previous findings whereby monomeric products were 

produced at elevated SHS hydrolysis temperature. Weight of PHBV films (100%) were reduced 

at SHS hydrolysis for 30 – 120 min of in comparison to PHB films (100%). 

 Similar weight reduction trend was recorded for PHBV blends and slight reduction for 

PHB blends. PE was observed to be miscible with PHB thus insignificant weight loss were 

recorded. PHB weight loss was 5 times lesser in PE/PHB blend comparing to PHB (100%). 

SHS hydrolysis at 140 °C for 30 – 120 min produced moderately low MW flakes. Although 

MW is a good parameter for degradation studies, the weight loss (%) of PHB was selective 

compared to PHBV. Reduction of weight assumed to reduce MW and will induced the 

increased of crystallinity. Thus, 140 °C is a suitable temperature for PHAs SHS hydrolysis to 

obtain solid flakes and minimal weight loss which will lead to decomposition. Based on the 

samples physical observation, PHB (100%) and PHBV (100%) SHS hydrolysis at 140 °C was 

brittle. Brittleness of the products will ease separation of PHA and blends with other petroleum-

based plastics. 

 
 

FIGURE 2: Weight loss of PHA and blends after SHS hydrolysis at 140 °C for prescribed 

time 

 

 Table 1 shows the total weight loss (%) of PHB, PHBV and mixed PHA blends at 140 °C 

for prescribed SHS time. PHB (100 %) weight loss was not increased over SHS hydrolysis time 

up to 60 min and insignificantly increased after 120 min of hydrolysis. However, marked weight 

losses of 2.0 – 4.8 % were recorded for PHBV SHS hydrolysis prolongs of reaction time from 

30 – 120 min, respectively. PHBV (100 %) were melting and deformed thus contributed to 
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higher weight loss compared to PHB (100 %). Interestingly, weight loss of mixed samples was 

increased markedly prolong of the hydrolysis time at 140 °C probably due to the hydrolyzed 

products interactions. Low MW of PHB and PHBV accelerate the scission of polymer chain 

and catalyze the reaction. Furthermore, the PHA samples were brittle and potentially be 

separated. 

 

TABLE 1: Total weight loss (%) of PHBV and mixed PHA blends samples at prescribed SHS 

time (min). 

 
 A mixture of PHAs with petroleum-based plastic blends were conducted to confirm SHS 

hydrolysis at 140 ºC. SHS hydrolysis of mixed plastics waste containing homopolymer and 

blends was promising for the production of PHAs flakes (Figure 3(a) and 3(b)). All 

homopolymer were remained intact and degraded whilst blends were slightly attached to each 

other of same component. PHB and PHBV films were brittle and can be potentially separated 

by crushing and sieving. All samples separation were approximately 95% of original weight 

after SHS hydrolysis at 140 ºC for 30 min and 60 min (Figure 3(b)) and less for PHBV (100%) 

(Figure 3(c)), respectively. Plastic waste input separation will enhance SHS hydrolysis 

nevertheless variation of SHS hydrolysis temperature increase degradation and separation of a 

mixture of plastics waste. Furthermore, mechanical separation or size reduction process after 

SHS hydrolysis is a simple and reliable process to be embedded in as a whole treatment system. 

 Figure 3 (b) and 3 (c) show the SHS hydrolysis products were easily separated by using 

mechanical devices i.e. size reduction or crushing process due to their brittleness to form flakes. 

Furthermore, the hydrolyzed products were dry, do not interact with any chemical and was not 

being submerged in any solution. Recovered products are readily available for repolymerization 

and recycling process with appropriate technology. Nevertheless, recovery of low MW PHB, 

3HB and other organic compounds were needed in PHB hydrolytic degradation in the melt 

through precipitation or extraction [29]. 

 Further assessment on the SHS hydrolytic temperature at 160 ºC with longer reaction time 

is needed for monomer recovery for specific application i.e. crotonic acid (CA) because PHBV 

degradation exclusively occurred via random chain scission mechanism involving a 6-

membered ring transition state similar to that reported by Liu [30]. CA was reported to be useful 

as a feedstock for poly(CA) and its copolymers production [17]. Extended or higher temperature 

SHS hydrolysis products collection can be realized by designing a cooling system to condense 

the volatile hydrolyzates through a counter current heat exchanger similar to the use of cold 

trap in PHA thermal degradation [21]. Cascade utilization through chemical recycling of 

polyhydroxyalkanoates. Biobased and biodegradable polymeric materials are among the 

alternative solution for the growing concerns on global environment as well as the difficulty in 

managing solid waste [31]. 
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 Furthermore, the limitation of landfills space and increasing of management costs continue 

to force the efforts towards zero emission and finding alternative to bioplastics disposal. Despite 

the biodegradability of PHAs, complete biodegradation often took months and the end use 

disposal of the bioplastics to the landfills is least favorable option. Type and concentration of 

soil microflora in the specific disposal area will be changed upon the biodegradation of large 

quantities bioplastics waste. Several waste disposal sites were found to change the top soil and 

variation in microbial community was reported. Huge bioplastics waste disposal site might be 

serving the enormous carbon and energy source for the growth of microbial communities. The 

uncertainties avoidance demand a crucial attention and preventive actions to overcome the 

possible life threatening outbreak [32]. 

 
FIGURE 3: SHS hydrolysis of mixed plastics waste (a) before and after manual separation at 

140 ºC for (b) 30 min and (c) 60 min. 

 

 Through chemical recycling, the repolymerization steps of producing the same polymer 

can be minimized and copolymerization with the other polymer was encouraging. A linear chain 

PHB oligomers with one free terminal hydroxyl group on both ends can be used through chain-

extending reactions for the preparation of linear block copolymers [24]. Furthermore, reduced 

MW of PHB was found to be miscible with PLA in blends. Low MW PHA and oligomers 

containing reactive end groups were further used as building blocks for copolymerization 

reactions to yield improved properties of new block copolymers [27]. Addition of low MW 

PHB to the PHB in a blend was revealed to increase the flexibility due to plasticizing effects 
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and decreased the concentration of the PHB crystals formed in the cooling process. The 

following biodegradation study was found to accelerate biodegradation process with a great 

potential in industrial applications of PHB and other similar materials [33]. 

 

CONCLUSION 

The feasibility of PHA depolymerization through SHS hydrolysis for the chemical recycling 

was demonstrated to produce low MW PHA with minimal weight loss and potential separation. 

Depolymerization of PHB through SHS hydrolysis was promising without time delay, shorter 

time needed for production of low MW PHAs, no use of chemical, easy recovery of the recycled 

product as it was dry and homogeneous products MW. It is indicated that the low MW PHAs 

with minimal weight loss were produced at low SHS hydrolytic temperature whilst potential 

monomeric products were produced at higher temperature. SHS hydrolyzed PHB and PHBV 

films were brittle and can be separated at low SHS hydrolysis temperature. Nevertheless, input 

separation of plastic mixture will enhance SHS hydrolysis and a mechanical device for size 

reduction is a reliable process to be embedded in as a whole treatment system. Extended or 

higher temperature SHS hydrolysis products collection and separation can be realized by a 

proper design. It is concluded that the SHS hydrolysis has a great potential for the chemical 

recycling of PHA because of its ability for a controlled depolymerization process to produce 

reduced MW of PHA. 
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ABSTRACT 

Collagen type I is an abundant protein in fish processing co-product. However, underutilisation 

of the co-product could affect the environment, thus, evaluation on the potential application of 

the co-product is crucial. The main aim of this study was to perform in silico evaluation on 

collagen type I as potential precursor for ACE-inhibitory peptides. Collagen type I alpha 1 and 

alpha 2 sequences information was obtained from UniProt database. BIOPEP was used to 

determine the profiles of potential biological activity. The profile of potential biological activity 

suggested that 247 ACE-inhibitory peptides could be obtained from the parent protein sequence 

of collagen type I alpha 1 and alpha 2. Potent peptides were observed with low IC50 (<10 μM) 

and high peptide score (>0.80) derived from milk and fish protein hydrolysate. The in silico 

analysis suggested that collagen type I alpha 1 and alpha 2 can be of advantage as potential 

ACE-inhibitory peptides precursor. 

 

Keywords: Fish Processing Co-Product, Collagen Type I, Thermolysin, Bioactive Peptides, 

ACE-inhibitory activity, BIOPEP 

 

INTRODUCTION 

Collagen is the most abundant protein in vertebrates making up approximately 30% of total 

protein. It is a major component of connective tissue, muscle, teeth, bone and skin. Collagen 

has been used in the biomedical, pharmaceutical (Lee, Singla, & Lee, 2001), food and cosmetic 

industries (Kim & Mendis, 2006; Senaratne, Park, & Kim, 2006). Most commercial collagens 

come from bovine skin, pigskin or chicken waste. Due several issues such as religion and ethnic 

restriction, BSE (Mad Cow Disease), transmissible spongiform encephalopathy (TSE) and foot-

and-mouth disease (FMD), these land animal sources may be unsuitable. Thus, there is a need 

to search for new sources of collagen originating from fish and other seafood (Zhang et al., 

2007). Kong et al. (2011) suggested that collagen could be an excellent raw material for 

enzyme-mediated production of angiotensin converting enzyme inhibitory peptides, which 

might be commercially attractive and valued as functional food in the food industry. 

Bioinformatics has turned into a great apparatus for peptide research (Minkiewicz, 

Dziuba, Darewicz, et al., 2008; Minkiewicz, Dziuba, Iwaniak, Dziuba, & Darewicz, 2008), 

incorporating in silico analysis of bioactive peptides released from food proteins(I. W. Cheung, 

Nakayama, Hsu, Samaranayaka, & Li-Chan, 2009; Pripp, 2005; Vercruysse et al., 2009; 

Vermeirssen, van der Bent, Van Camp, van Amerongen, & Verstraete, 2004). BIOPEP database 

and program is a bioinformatics device allowing to distinguish biological active protein 

fragments in protein sequences, to classify proteins precursor for bioactive fragments, to 

simulate protein hydrolysis and find peptides that can be released by a given enzyme or as a 

result of multiple enzyme catalysis (Minkiewicz, Dziuba, Darewicz, et al., 2008; Minkiewicz, 

Dziuba, Iwaniak, et al., 2008). A successful prediction of the ACE-inhibitory activity of protein 
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hydrolysates derived from oat by Cheung et al. (2009) was carried out using the BIOPEP 

database and its search engine. Peptide LQP has been discovered by Miyoshi et al. (1991) in α-

zein hydrolysates through BIOPEP application. It has been found in the profiles of potential 

biological activity from the sequence of bovine β-casein and wheat α/β-gliadin, obtained in 

silico, published by Dziuba, Minkiewicz, Nałecz, and Iwaniak (1999). Empirically, the peptide 

has been detected in cheese (Tonouchi, Suzuki, Uchida, & Oda, 2008) and wheat grain milling 

co-products (Nogata, Nagamine, Yanaka, & Ohta, 2009). 

Thus, the aim of the present study was to perform an in silico evaluation on collagen type 

I as potential precursor for ACE-inhibitory peptides to reduce blood pressure mediated by the 

ability to inhibit ACE. 

 

MATERIALS AND METHODS 

Protein Sequences 

The protein sequence of collagen type I alpha 1 (UniProtKB–G9M615) with 1447 amino acids 

residues and collagen type I alpha 2 (UniProtKB–P08123) with 1366 residues were chosen 

from Universal Protein Knowledgebase (UniProtKB, http://www.uniprot.org). 

 

Amino Acid Composition Analysis by ProtParam  

Protein sequence of collagen type I from alpha 1 and alpha 2 were used to determine theoretical 

amino acids composition using ProtParam (https://web.expasy.org/protparam/). 

 

BIOPEP Analysis 

 

Profile Of Potential ACE-Inhibitory Activity From Collagen-Derived Peptides 

The prediction of potential ACE-inhibitory peptides from collagen type I alpha 1 (UniProtKB–

G9M615) and collagen type I alpha 2 (UniProtKB–P08123) was carried out using BIOPEP 

database (available at http://www.uwm.edu.pl/biochemia/index.php/pl/biopep)(Minkiewicz, 

Dziuba, Iwaniak, et al., 2008). Firstly, the protein was examined using “profiles of potential 

biological activity” tool of the BIOPEP analysis; the potential ACE-inhibitory peptide 

sequences within the protein sequence was examined and matched up against the published 

peptide sequences demonstrating either in vitro or in vivo ACE-inhibitory activity in the 

BIOPEP database.  

 

DISCUSSION 

Amino Acid Composition of Collagen Type I 

Similar amino acid compositions of collagen type I subunit alpha 1 and alpha 2 were observed 

(Table 1). Subunit alpha 1 and subunit 2 had Gly and Pro as the major amino acids with 381−387 

residues and 232-252 residues respectively. Both subunits also were rich in Ala (127−157 

residues) and Arg (72−73 residues). Low contents of Trp (10-16 residues), His (7−15 residues), 

Tyr (10−16 residues), and Cys (9−18 residues) were observed. However, ProtParam were 

unable to obtain Hyp due to its hydroxylated form. According to the literature (Muyonga, Cole, 

& Duodu, 2004), Gly is the most dominant amino acid in collagen, and all members of the 

collagen family are characterized by domains with repetitions of the proline-rich tripeptides 

(Gly-X-Y) involved in the formation of the triple helix, except for the first 14 amino acid 

residues from the N-terminus and the first 10 amino acid residues from the C-terminus of the 

collagen molecules, where X is generally Pro and Y is mainly Hyp. On the other hand, the Gly 

contents (381−387 residues) of collagen type I from both subunits obtained from ProtParam 

were similar to those of collagens from bones of bighead carp (332 residues/1 000 residues) 

(Liu, Liang, Regenstein, & Zhou, 2012), deep-sea redfish (341 residues/1 000 residues) (L. 

Wang et al., 2008), carp (334 residues/1 000 residues) (Duan, Zhang, Du, Yao, & Konno, 2009), 
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black drum (338 residues/1 000 residues), and sheepshead (342 residues/1 000 residues) 

(Ogawa et al., 2004). 

 

Table 1 Amino acids composition of Collagen Type I from Alpha 1 & Alpha 2 results 

obtained from ProtParam Program  

 

Amino 

acid 

Alphabet Alpha 1 Alpha 2 

No. 

Residue 

Content 

(%) 

No. 

Residue 

Content 

(%) 

Ala A 157 10.9 129 9.4 

Arg R 73 5 72 5.3 

Asn N 28 1.9 41 3 

Asp D 63 4.4 43 3.1 

Cys C 18 1.2 9 0.7 

Gln Q 43 3 33 2.4 

Glu E 0 0 66 4.8 

Gly G 387 26.7 381 27.9 

His H 7 0.5 15 1.1 

Ile I 26 1.8 21 2.3 

Leu L 44 3 61 4.5 

Lys K 57 3.9 50 3.7 

Met M 26 1.8 10 0.7 

Phe F 29 2 22 1.6 

Pro P 252 17.4 232 17 

Ser S 52 3.6 52 3.8 

Thr T 53 3.7 42 3.1 

Trp W 6 0.4 5 0.4 

Tyr Y 10 0.7 16 1.2 

Val V 38 2.6 55 4 

Pyl O 0 0 0 0 

Sec U 0 0 0 0 

 

 It was expected that amino acids such as proline and glycine would have dominated the 

composition of collagen in both subunits since canonically, Gly and Pro or Hyp forms the 

backbones of the protein. Additionally, the levels of imino acid (Pro and Hyp) are important 

for the structural integrity of collagen. The imino acid contents (Pro) of alpha 1 subunit (252 

residues) were slightly higher than the alpha 2 subunit (232 residues). Though, which were 

similar to those of collagens from bone of bighead carp (173.8 residues/1 000 residues) (Liu et 

al., 2012), deep-sea redfish (163 residues/1 000 residues) (L. Wang et al., 2008), and bigeye 

snapper (163 residues/1000 residues) (Kittiphattanabawon, Benjakul, Visessanguan, Nagai, & 

Tanaka, 2005). Thus, the in silico information regarding collagen type I corroborate with the 

existing empirical data published from those of collagen derived from fish. 

  Gly and Pro were classified as hydrophobic amino acids and high content of Gly and 

Pro could be the major contributor to ACE-inhibitory activity. According to Ortiz-Chao and 

Jauregi (2007) , Pa’ee, Gibson, Marakilova, and Jauregi (2015) and H.-S. Cheung, Wang, 

Ondetti, Sabo, and Cushman (1980) suggested that ACE inhibitor were mainly of hydrophobic 

(aromatic or branched-chain aliphatic) amino acid residues at the three C-terminal positions. 

The terminal sequence of Tryp-Ala-Pro is the most favourable. With suitable proteases, such 
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as thermolysin (E.C. 3.4.24.27), the enzyme would have the specificity the cleavage of peptides 

bond with hydrophobic amino acid and thus, release hydrolysate rich in ACE-inhibitory 

peptides. Alanine (hydrophobic amino acid) also is rich in collagen type I in both subunits could 

also contribute to the bioactivity. 

 

Prediction of Potential ACE-Inhibitory Peptides Derived From Collagen Type I 

The collagen type I sequences (alpha 1 & 2) precursors were submitted to BIOPEP analysis 

using the “profiles of potential biological activity” tool. Only those potential bioactive peptides 

with ACE-inhibitory activity were collected for further investigation. 

Within the primary sequence, collagen type alpha 1 and 2 with 1447 and 1366 amino 

acid residues respectively showed 247 potential ACE-inhibitory peptides in total. These 

peptides were mainly in a form of di- and tri- peptides. The predicted peptides correspond to 

the peptides sequences published and found in various sources such as milk protein (van 

Platerink, Janssen, & Haverkamp, 2008), whey protein (FitzGerald & Meisel, 1999; Hans 

Meisel, 1998; Pihlanto-Leppälä, Koskinen, Piilola, Tupasela, & Korhonen, 2000; Pihlanto-

Leppälä, Rokka, & Korhonen, 1998), sake (Saito, Wanezaki Nakamura, Kawato, & Imayasu, 

1994), buckwheat (W. Wang, Mejia, & Gonzalez, 2005), garlic & wakame (H. Meisel, Walsh, 

Murray, & FitzGerald, 2006), Alaskan pollack skin (Byun & Kim, 2002) and shark meat 

hydrolysate (Wu et al., 2008). Peptide PG has the highest number of occurrence with 109 

peptides derived from alpha 1 subunit. Whereas, peptide GP was the highest number of 

occurrence with 106 peptides derived from alpha 2 subunit. Peptide GP derived from Alaskan 

Pollack skin was more potent (252.63 μM) than that of PG (17000 μM), which may be due to 

Pro at the C-terminal of the peptide. Peptide score of GP (0.91) obtained from PeptideRanker 

was higher than PG (0.88). 

Surprisingly, both alpha 1 and alpha 2 subunits contained dipeptides derived from milk 

that were significantly potent (IC50 ~ 0 μM) such as EI, IE, EV, TE, LQ, PT, TQ, PP, PQ, ME, 

EK, KE, VE, LN & HP. Milk protein such as β-casein is known to be a potent protein precursor 

to ACE-inhibitory peptides with peptides such IPP and VPP has been the most potent peptides 

with its potency of 5 μM and 9 μM (Nakamura et al., 1995; Pa’ee et al., 2015). Furthermore, 

peptide score for PP (0.89) obtained from PeptideRanker suggested that PP will more likely to 

exhibit ACE-inhibitory. Hydrophobicity attributed to Pro will be the contributing factor to exert 

the bioactivity.  

Peptides derived from fish protein such as Alaskan Pollack skin, anchovy and bonito, 

sardine muscle and shark meat hydrolysate. Alaskan Pollack skin peptides such as GP, GPL, 

PGL, GLP, PL, PLG, LPG and LGP has high peptide score (>0.80) with peptide GP (0.91) 

being the highest. Most ACE-inhibitory peptides derived from fish protein were of tripeptides. 

GLP (9 occurrence), from alpha 1 subunit has an IC50 of 1.62 μM whereas LGP from alpha 2 

subunit was even lower (0.72 μM), potent enough to inhibit ACE. Other potential ACE-

inhibitory peptides from fish such CF, AKK and VF with IC50 of 1.62 μM (Peptide score, 1), 

3.2 μM (Peptide score, 0.08) and 9.2 μM (0.82) were also observed. Although For peptide AKK 

showed a very low peptides score, however, the IC50 showed its potency to suggest otherwise. 

Peptide AKK with Lys at the C-terminal suggest that charge amino acids especially the 

positively charged one could contribute to the bioactivity. Pa’ee et al. (2015) findings showed 

that positively charged peptides derived from whey protein exhibited higher ACE-inhibitory 

activity and potency as opposed to the negatively charged peptides. Welderufael, Gibson, and 

Jauregi (2012) found that the negatively charged peptides were more likely to exert other 

bioactivity such as antimicrobial activity and antioxidant activity. Other peptides originated 

from sake such as VW (1.4 μM) with peptide score of 0.80 were predicted to have ACE-

inhibitory activity. Peptides RF, FP and YW also should potential bioactivity with peptide score 

of 0.97, 0.99 and 0.99 respectively. 
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Collagen type I alpha 2 derived peptides showed similar potential ACE-inhibitory 

peptides. Several different peptides were observed such as IPA, GGY. LRP, FY, GPL, LGP, 

PLG, VK, AF, YA, HG, VR, NY, NK, VE, LN, EW, PH, HK, SDGS, AV, HQS, DGL, LGI, 

AIY, DF, YE, IL, WL, LMGP, KGP, VVGP and EKGP. PeptideRanker showed high peptide 

score for peptides WL (0.99), FY (0.98) and AF (0.97) with IC50 41.4, 25 and 190 μM. 

 

CONCLUSION 

Both collagen type I alpha 1 and alpha 2 possess amino acids sequences with potential ACE-

inhibitory activity. ProtParam allows the observation of theoretical amino acids composition 

especially glycine and proline (hydrophobic amino acids) as the main contributor to ACE-

inhibitory activity due to its abundance in both subunits. BIOPEP findings corroborate with the 

theoretical amino acids composition where 247 potential ACE-inhibitory peptides were 

observed.  
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ABSTRACT  

The present study aims to extract curcumin from turmeric (Curcuma Longa) and 

hydroxychavicol from betel leaves (Piper Betle) using Soxhlet Extractor as well as to identify 

the composition of each compounds through FTIR spectroscopy. Subsequently, to assess the 

activity of both active compounds with various diabetic bacteria; Escherichia coli, MRSA, 

Candida albicans, Proteus mirabilis, and Yersinia sp. through disc diffusion method. As time 

progresses, more and more synthetic drugs are produced and consumed due to its reliability and 

efficiency despite that they contain a certain amount of toxicity that may harm the human body. 

Traditional herbs (theraupeutic plants) have been exploited and were proven effective even in 

contemporary studies on antimicrobial activities and can be as alternative for future 

applications. After extraction with the soxhlet method, FTIR spectrums of both turmeric and 

betel have shown presence of a hydroxyl group which indicates the presence of interchangeable 

protons from alcohol at wavelengths of 3350.06 cm-1 and 3341.91 cm-1 respectively. It was 

convinced that this functional group acted against pathogenic bacteria because of the 

antioxidant properties. Ultimately, betel (Piper Betle) has shown better inhibitory activity than 

turmeric (Curcuma Longa) against MRSA, P. mirabilis, E. coli, and C. albicans. 

 

Keyword: Antimicrobial Activity, Betel Leaf, Curcumin, Diabetic Bacteria. 

 

INTRODUCTION  

Ayurvedic medicine is the oldest holistic healing system based on therapeutic plants or herbs. 

Fortunately, lacking of the information from these innovations have been developed through 

the years based on research experience. Furthermore, Petrovska (2012) reported on the usage 

of specific medical plants for treatment on certain diseases. The use of remedial plants as the 

secondary option in treatments and cure of diseases are explored and awareness of this 

increasing rapidly. Thus, the usage gradually became founded on explicatory facts. Thus, to be 

used for cure, treatments were discovered and the usage of the therapeutic plants’ healing 

properties increased and are explored for possibilities. 

Hence, various bioactive compounds derived from remedial plants have been assessed for 

their efficacy and tolerability in the treatment of many applications (Asano et al., 2000). In 

medicine, treatments with naturals have lasted for thousands of years because they are efficient 

since they hold powerful components and nutrition to rebalance the body and are typically safer 

than chemical drugs as well as surgery. Despite that, there are the benefits of natural healing 

that enhances one’s biological healing to hasten the recovery process. 

Chattopadhyay et al. (2004) reported that turmeric is one of the ayurvedic herbs of which 

has been found as supplements in strengthening the immunization system. Turmeric is typically 

known as a traditional indian spice which is obtained from the rhizomes of the plant Curcuma 

longa, an associate of the Zingaberaceae, ginger family. Portions of turmeric are termed 

curcuminoids, which include essentially curcumin (Diferuloulmethane), demethoxycurcumin, 

and bisdemethoxycurcumin (Cikrikci et al., 2008). Turmeric has been widely applied in 

traditional medicine and also acts as an antimicrobial in food preservation. Turmeric which is 

present in food or supplements stays in the gastrointestinal tract, and any portion that’s absorbed 
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is metabolized quickly which helps combat diseases as mentioned by NDTV Cooks (2016). 

Furthermore, as concluded by Chattopadhyay et al. (2004), Curcuma longa has some good 

effect on the intestines and enhances intestinal lipase, sucrose, as well as maltase activity. 

Turmeric has also contributed a variety of treatments of inflammatory conditions and 

other diseases. Its medicinal assets have been recognized mainly to the curcuminoids and the 

main bioactive component present in the rhizome which is known as curcumin. Curcumin is a 

phytopolyphenol yellow-orange colorant which comprises a diversity of pharmacologic 

properties due primarily to its inhibitory effects on metabolic enzymes. Curcumin has shown to 

hold a wide range of pharmacological events include anti-inflammatory, anticancer, 

antioxidant, and antimicrobial effects (Maheshwari et al., 2006). 

This research has aimed to assess the activity of turmeric and betel leaves as bio-

disinfectants due to the major antimicrobial traits, the bioactive compounds that comprise the 

therapeutic plants of Curcuma longa as well as Piper betel with selected diabetic bacteria. Also, 

through this study, more natural remedies could be discovered and might be used for as 

alternatives in modern times. 

 

METHODOLOGY  

The stated mass of samples were prepared for both materials, turmeric (Curcuma Longa) and 

betel (Piper Betle). Since moisture was present for betel leaves, oven drying at 50 ºC for 24 

hours was necessary. The blending process was initiated using a blender in order to achieve 

samples in powdered form for extraction. 

 

Extraction Parameters Setting 

Settings and configurations were made for turmeric and betel beforehand prior to the Handbook 

Chemistry and Physics. 

 

Extraction using Soxhlet Extractor 

a. Turmeric Extraction 

A mass of 30 g of powdered turmeric (Curcuma Longa) were placed into the glass chamber of 

the soxhlet extractor with accurately measured 150 mL of ethanol at 80 °C for 5 hours. Upon 

completion, the extracts were allowed to cool for at least 15 minutes. The solvent cups with the 

extracts were disconnected from the glass sample tubes of the soxhlet extractor. Extraction for 

turmeric extracts were done using the conventional setup.  

 

b. Betel Extraction 

A mass of 5 g of powdered betel (Piper Betle) were placed into the glass chamber of the soxhlet 

extractor with accurately measured 150 mL of ethanol at 80 °C for 3 hours. Upon completion, 

the extracts were allowed to cool for at least 15 minutes. The solvent cups with the extracts 

were disconnected from the glass sample tubes of the soxhlet extractor. Extraction for betel 

extracts were done using the B-811 model. Extractions were sustained in achieving a favorable 

amount of extract solution for further processing. 

 

Purification using Rotary Evaporator 

The sample extract of turmeric (Curcuma Longa) was placed into a round bottom flask to be 

connected to the rotary evaporator. Once switched on, purification occurs separating solvent 

ethanol from the sample leaving behind pure turmeric extract with the aid of a vacuum at an 

operating temperature of 65 ºC. Upon completion, the flask was let to cool for about 10 minutes 

before retrieval. Steps were repeated for betel (Piper Betle). The yield of extract was then 

calculated in achieving optimum operating conditions. 
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Freeze Drying 

Sample from purification was sent for freeze drying where the main purpose of this process is 

to remove the moisture content with the aid of a vacuum and to maintain the turmeric’s and 

betel’s respective bioactive compound without denaturing it at escalated temperatures. The 

sample was placed into an appropriate sized bottle and let to freeze in a -80 ºC refrigerator for 

24 hours. Once activated, the drying temperature was kept constant at about -50 ºC for 24 to 48 

hours.  

 

Fourier Transform InfraRed (FTIR) Spectroscopy Analysis 

The equipment was used to analyze the sample extracts of turmeric (Curcuma Longa) and betel 

(Piper Betle) by placing a small amount of sample onto the sample slot using a cotton bud. LPD 

Lab Services (2017) specified that FTIR is particularly useful in identifying organic molecular 

groups and compounds due to the range of functional groups, side chains as well as cross-links 

involved, all of which will hold characteristic vibrational frequencies in the infra-red range 

typically over the range 4000 – 600 cm-1.  

 

Disc Diffusion 

a. Sample Preparations 

Nutrient agar was used as the medium for the bacteria cultures. The nutrient agar solution was 

prepared by adding 20 g of solid nutrient agar into 1 L of distilled water prior to the ratio stated 

by Merck. The solution was prepared in an appropriate sized blue capped bottle and was 

sterilized in an autoclave at a fixed temperature of 121 ºC for 2 hours before usage. Once 

sterilized and homogeneous, the nutrient agar solution was transferred to the laminar flow for 

further preparations. A constant of 20 mL nutrient agar was poured into numbers of petri dishes 

respectively and was allowed to cool and solidify for about 1 hour. Then, the nutrient agars 

were stored in a 6 ºC refrigerator until use. 

McFarland standards were prepared to have a consistent concentration of bacteria and 

when used against turmeric extract that is curcumin and the betel extract, the results are 

relatively significant. The standards were prepared in the laminar flow through inoculation by 

transferring traces of the bacteria into half-filled sterilized distilled water inoculums. With this, 

each of the inoculum achieved the same “cloudiness” in which case, the same output 

concentration. The bacterial strains used were Gram-postive bacteria strain; MRSA, Gram-

negative bacteria strains; E. coli, P. mirabilis, and Yersinia sp. as well as a yeast microorganism; 

C. albicans. 

Other materials were also prepared; cotton buds for bacteria spreading, filter paper discs 

as sample medium, and a pair of forceps as a transferring tool. The materials listed were placed 

into suitable containers are were sterilized in an autoclave at a constant temperature of 121 ºC 

for 2 hours before usage to prevent contamination. 

  

b. Concentration Preparations of Sample 

Different concentrations were prepared by mixing pure turmeric extract (curcumin) with 

sterilized distilled water in achieving 5 %, 8 %, and 10 % concentrations. A sample dilution 

ratio of 2 g : 20 mL was used for 10 % hence 5 % and 8 % were prepared prior to the dilution 

ratio. Also, small heat was applied to aid in homogenizing the mixture. 

 

c. Disc Diffusion (Spread Plate) 

The disc diffusion is the stage to test out the turmeric (Curcuma Longa) and betel (Piper Betle) 

antimicrobial efficiency on the listed bacteria; E.coli, MRSA, C.albicans, P.mirabilis, and 

Yersinia sp. The disc diffusion test was conducted in a laminar flow to prevent contamination. 

Accordingly, each petri dish was labelled and separated into four quadrants for three different 
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concentrations; 5 %, 8 %, and 10 %, and a negative control (blank). The disc was placed onto 

each quadrant before dropping 20 µL of respective concentrations. Once done, the inoculated 

nutrient agar plates were incubated at a constant temperature of 37 ºC for 24 hours and were 

observed for clear zones. 

 

RESULTS 

Turmeric Extraction 

 

 
Figure 4.1 

 

 
Figure 4.2 

 

  

4.83%  

(10 g) 

4.05% 

(30 g) 

41.52% 
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Betel Extraction 

 

 
Figure 4.3 

 

Fourier Transform InfraRed (FTIR) Spectroscopy Analysis  

 

Table 4.1 

Functional  

Group 

Turmeric  

(cm-1) 

Betel Leaf  

(cm-1) 

Phenol O-H Stretch 3350.06 (broad, m) 3341.91 (broad, s) 

Alkenyl C-H Stretch 3007.62 (m) - 

Aliphatic C-H Stretch 2922.77 (s) 2923.21 (s) 

 2853.18 (s) 2852.15 (s) 

Ketone C=O Stretch 1738.75 (m) - 

 1681.91 (m) - 

C=C Symmetric 

Aromatic Stretch 

1622.23 (s) 1602.75 (s) 

C-O Stretch 1267.43 (s) 1277.61 (s) 

 1207.48 (s)  

Aromatic C-H Bending 815.33 (s) 912.76 (m) 

 

Disc Diffusion 

 

Table 4.2 

Test microorganism Concentration Diameter of inhibitory zones (mm) 

  Turmeric Betel 

Gram-positive bacteria    

MRSA 5 % - 12.67 ± 1.15 

 8 % 10.00 ± 1.00 25.67 ± 2.08 

 10 % 14.00 ± 1.00 19.67 ± 0.58 

Gram-negative bacteria    

P. mirabilis 5 % - 13.33 ± 0.58 

 8 % - 26.00 ± 1.00 

 10 % 9.33 ± 0.58 21.33 ± 2.08 

 

E. coli 5 % - 10 ± 0.00 

34.93% 
23.04% 



ICSET 2018 66 

 

 8 % - 13.33 ± 0.58 

 10 % - 8.67 ± 0.58 

Yersinia sp. 5 % - - 

 8 % - - 

 10 % - - 

Yeast    

C. albicans 5 % - 8.67 ± 0.58 

 8 % - 15.67 ± 1.15 

 10 % - 11.33 ± 0.58 

 

DISCUSSION  

Turmeric Extraction 

Conventional ethanolic extraction was implemented at 80 ºC for 1.5 hours with 2 : 30 sample-

solvent ratio adaption with 10 g of turmeric powder and 150 mL of ethanol (Bagchi, 2012). 

After purification using the rotary evaporator, only 0.483 g was achieved which converts into 

4.83 % of yield. The experiment was repeated by increasing the samples to 30 g for reaction of 

2.5 hours. With this conditions, the amount recovered was higher with 1.216 g of extract 

holding a yield of 4.05 %. Although the mass has increased but the percentage yield was lower. 

Figure 4.1 is provided to clarify the statement. This is because with 150 mL of solvent ethanol, 

a certain amount of extract can be absorbed into the solvent up to a stage where no more extract 

can be separated. More conditions were explored in achieving optimum conditions for best 

yield (higher mass).  

The third extraction was held with the following operating conditions due to previous 

runs; 30 g of sample turmeric and 150 mL solvent ethanol for 5 hours with the aim of identifying 

how extraction time affects the yield under similar conditions. Hence, replicates were 

completed to achieve an average value prior in achieving optimum yield. The first trial provides 

14.284 g equivalent to 47.61 %. Correspondingly, the second and third trials gave 10.592 g 

(35.31 %) and 12.492 g (41.64 %) respectively leading to an average value of 12.456 g (41.52 

%). Significant increase can be seen in comparison with the previous extractions. Increasing 

the extraction time allows more sample to be absorbed into the solvent and as a result it 

demonstrates a beneficial proportional relationship between time and yield as shown in Figure 

4.2. Due to performance and optimized yield, the operating conditions were used throughout. 

Subsequently, extractions were carried out up to a cumulative total of 109.535 g of turmeric 

extract. 

 

Betel Extraction  

The first trial consisting of two runs were conducted for 3 hours using Soxhlet Buchi Extraction 

Unit Model: B-811 with similar operating conditions of 10 g of sample betel powder and 150 

mL of solvent ethanol. Ultimately after purification, a total of 4.608 g (23.04 %) was obtained. 

However, due to excessive sample usage in thimble, the amount was halved. This was due to 

larger particle size hence lesser amount can be fitted into the thimble in comparison with 

turmeric extraction. 

Next extraction was led with two trials of the following processing conditions; 10 (5 + 5) 

g of betel extract and 150 mL solvent ethanol for 3 hours. From that, the first trial attained 3.493 

g correspondent to 34.93 % yield whereas the second trial achieved 2.98 g with 29.80 % yield. 

A yield comparison is displayed in Figure 4.3 below. 

A total of 13.2159 g was collected and it was concluded that lesser weight contributes to the 

optimized condition for betel extraction even though similar operating conditions were used. 

This is due to the limitation towards the amount of extract can be absorbed into the solvent 

despite more sample was utilized. Ultimately, more sample did not mean more extract can be 
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separated with a particular amount of solvent. However, the optimum operating conditions were 

met with these findings.  

 

Fourier Transform InfraRed (FTIR) Spectroscopy Analysis 

FTIR spectroscopic analysis was carried out to determine the composition of selected 

therapeutic plant extracts; turmeric (Curcuma Longa) and betel leaf (Piper Betle). Spectrums 

were obtained using Fourier Transform Infra-Red Spectrometers (FTIR) Model: Nicolit iS 10 

during the course of study. 

The data displayed in Table 4.1 demonstrates the functional groups present in the extract 

of turmeric and betel. In brief, curcumin’s chemical structure contains para-hydroxyl groups 

was determined to have carbonyls (keto groups) as well as double bonds. This gives a rough 

idea of what to be expected in the FTIR spectrum. 

First off, the C-H stretch absorptions at 2922.77 cm-1 and 2853.13 cm-1 slightly below 

3000 cm-1 validate the presence of saturated carbons while the C-H stretch at 3007.62 cm-1 just 

above 3000 cm-1 indicates unsaturation. It was determine that the peak at 3350.06 cm-1 is in fact 

from a phenol group due to the broad gap that covers the top part of the peak. Merlic (2000) 

has testified that between the region of 3600 cm-1 and 3100 cm-1 demonstrates the presence of 

proton exchanges commonly from amine, amide, alcohol, or carboxylic acidic groups. 

Subsequently, Merlic (2000) reported that peaks between the wavelengths of 2800 cm-1 and 

2000 cm-1 are typically anomaly of other absorptions. Hence, if the alkynes or nitriles were 

present in the peaks, they can be seen readily in the mentioned wavelengths. There are three 

notified peaks which can be seen as significant around 1700 cm-1 and 1200 cm-1 which are 

identified as carbonyls at 1738.75 cm-1 and 1681.91 cm-1 and the C-O stretch absorptions at 

1267.43 cm-1 as well as 1207.48 cm-1 accordingly. The other peak at 1622.23 cm-1 was assigned 

to a C=C symmetric aromatic stretching. 

As for the FTIR analysis on betel, the bioactive compound, hydroxychavicol was used as 

a reference on what functional groups to be expected. A similar but stronger broad gap was 

seen at 3341.91 cm-1. This indicates the presence of a stronger phenol group. Also, C-H 

absorptions were seen at 2923.21 cm-1 and 2852.15 cm-1 which show the presence of 

comparable saturated carbons with turmeric. However, no unsaturation was observed in the 

spectrum. A C=C symmetric aromatic stretch was seen at 1602.75 cm-1. Consequently, the C-

O stretch and aromatic C-H bending were spotted at 1277.61 cm-1 and 912.76 cm-1 accordingly.  

Similarly to phytochemical constituents of turmeric (curcumin), it is believed that the 

hydroxyl group that is present in the betel leaf biophenolics serve the same purpose in reducing 

free radicals. Gundala and Aneja (2014) also proposed that the hydroxyl groups work as 

electron takers or hydrogen atom donors diminish the leftover reactive oxygen species (ROS), 

favoring a xenohormetic response by the betel leaf nutraceuticals. Free radicals (R) are removed 

by metal chelating and stabilizing constituents of selected phenolic compounds, hence leading 

to strong antioxidant responses. Moreover, it is believed that betel as compared to curcumin has 

more hydroxyl groups hence more free radicals are scavenged and reduced. It is also believed 

that in term of disc diffusion bacterial clear zones, betel should provide a larger area of 

disinfection. 

 

Disc Diffusion 

The active compounds of the therapeutic plants; turmeric (Curcuma Longa) and betel leaves 

(Piper Betle) were assessed with similar diabetic bacteria of which were Gram-negative 

pathogens; E. coli, P. mirabilis, and Yersinia sp., a Gram-positive pathogen; MRSA, as well as 

a yeast microorganism, C. albicans. Demonstrated in Table 4.2 show results on clear zones 

from respective plants on nutrient agar plates after incubation for 24 hours. It was observed that 

betel was extremely active against the Gram-positive bacteria; MRSA, Gram-negative bacteria; 
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P. mirabilis, E. coli, and the yeast microorganism; C. albicans. However, curcumin has shown 

decent results against MRSA and P. mirabilis but was inactive against the other pathogens. It 

was seen that curcumin was more in effect against MRSA at 10 % concentration with 14.00 ± 

1.00 mm than P. mirabilis at 10 % concentration with 9.33 ± 0.58 mm. Betel was relatively 

most active against P. mirabilis at 8 % concentration with 26.00 ± 1.00 mm following with 

MRSA at 8% concentration with 25.67 ± 2.08 mm. Then, C. albicans at 8 % concentration with 

15.67 ± 1.15 mm and E. coli at similar concentration with 13.33 ± 0.58 mm.  

It was also observed that with curcumin, higher concentration (10 %) gives out the best 

diameter values. Betel on the other hand, the diameter values in general are higher at 8 % 

concentration despite the fact that 10 % concentration was utilized. This may be because at 8 

% concentration, the optimum conditions to act against the bacteria were met which creates a 

larger clear zone on all of the affected diabetic bacteria. It was determined that through this 

antibacterial assessments, betel was found to be more effective in combating most of the 

diabetic bacteria assigned. 

Zamhari and Yong (2017) claimed that the extract of betel has the greater potential in 

terms of antioxidant, antifungal, as well as antibacterial assay in aquaculture than turmeric. 

Betel displayed high range of antioxidants from 20 % to 90 % in which activity increases with 

increasing concentration. Comparatively, the antioxidants presented by the extract of turmeric 

are less than 50 % which is relatively different from most contemporary studies which achieved 

a higher percentage at 70 %. Zamhari and Yong (2017) concluded turmeric has lower 

antioxidant activity because dry spice was applied in the study. This is because during the 

preparation phase, turmeric has lost its major properties hence showing less exhibition. 

Also, it was reported by Singburaudom (2015) that hydroxychavicol in betel leaf is the 

bioactive compound which have shown strong antibacterial action against many bacteria 

pathogen at 100 mg/mL (10 % concentration) such as V. alginolyticus with 31.00 ± 2.94 mm, 

V. anguillarum with 22.00 ± 0.82 mm, V. harveyi with 27.33 ± 1.25 mm, and V. 

parahaemolyticus with 24.67 ± 0.47 mm whereas turmeric shows activity against V. 

anguillarum with 8.33 ± 0.47 mm and V. harveyi with 8.00 ± 0.00 mm as reported by Zamhari 

and Yong (2017). 

 

CONCLUSION  

In a nutshell, the turmeric extraction provides an average value of 12.456 g (41.52 %) with 

optimized operating conditions of 5 hours, 30 g of sample, and 150 mL solvent ethanol. 

Significant increase can be seen in comparison with the previous extractions. Increasing the 

extraction time allows more sample to be absorbed into the solvent and as a result it 

demonstrates a beneficial proportional relationship between time and yield. The betel extraction 

provides a total of 13.2159 g was collected and it was concluded that lesser weight contributes 

to the optimized condition for betel extraction even though similar operating conditions were 

used. This is due to the limitation towards the amount of extract can be absorbed into the solvent 

despite more sample was utilized. Ultimately, more sample did not mean more extract can be 

separated with a particular amount of solvent. The FTIR results of both turmeric and betel have 

shown presence of a hydroxyl group which indicates the presence of interchangeable protons 

from alcohol at wavelengths of 3350.06 cm-1 and 3341.91 cm-1 respectively. It was convinced 

that this functional group acted against pathogenic bacteria because of the antioxidant 

properties. Ultimately, betel (Piper Betle) has shown better inhibitory activity than turmeric 

(Curcuma Longa) against MRSA, P. mirabilis, E. coli, and C. albicans. It was also observed 

that with curcumin, higher concentration (10 %) gives out the best diameter values. Betel on 

the other hand, the diameter values in general are higher at 8 % concentration despite the fact 

that 10 % concentration was utilized. This may be because at 8 % concentration, the optimum 

conditions to act against the bacteria were met which creates a larger clear zone on all of the 
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affected diabetic bacteria. It was determined that through this antibacterial assessments, betel 

was found to be more effective in combating most of the diabetic bacteria assigned. Extra 

cautious steps need to be taken during the preparation of the dry rhizome of turmeric as it was 

concluded that from there the antimicrobial properties have been reduced which explained the 

minor inhibitory effects. 
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ABSTRACT 

The main aim of this study was to determine the optimum condition (enzyme to substrate ratio, 

temperature and pH) to hydrolyse collagen type I using Thermoase PC10F (thermolysin). In 

silico evaluation on amino acids profile of collagen type I and in silico sensory profile of the 

hydrolysate were performed using Protparam and BIOPEP respectively. Theoretical 

thermolysin was chosen from the BIOPEP due to its specificity to cleave peptide bonds with 

hydrophobic amino acids. Hydrolysis conditions were optimized based on its optimum degree 

hydrolysis (DH) using o-phthalaldehyde (OPA) method. The temperature of 60°C, pH of 5 and 

an enzyme to substrate ratio of 1:100 were the optimum conditions to obtain the highest DH 

using Thermoase PC10F. Thus, the optimised hydrolysis condition using Thermoase PC10F 

could produce hydrolysate with multiple applications such as health and functional food. 

 

Keywords: Tilapia Co-Product, Collagen Type I, Protein Hydrolysate, Thermoase PC10F, 

Sensory Peptides, BIOPEP 

 

INTRODUCTION 

Commercial tilapia agriculture in Malaysia has become one of the most important commodities, 

which contribute 33% from 132,892 metric tonnes production of freshwater fish in 2013 

(Marzuki, 2015). Red tilapia (Oreochromis Niloticus) is the most popular farmed fish with 

approximately 81% (33,600 tons) of the total tilapia production (Department of Fisheries, 2011; 

Ng, 2009). The increased amount of tilapia industrial processing such as filleting generates 

great amount of by-products such as frames, fins, guts, heads, skins, scales, and tails. These by-

products, in which consist of 50-70% of the total fish’s weight, are normally being perceived 

as no commercial values and discarded (Kittiphattanabawon, Benjakul, Visessanguan, Nagai, 

& Tanaka, 2005). On the contrary, these by-products contain considerable amount of protein 

such as collagen type I which can be useful in food, cosmetic and pharmaceutical industry. 

Enzymatic hydrolysis of collagen using specific proteases can be applied to produce 

hydrolysate (product) with potential biological activity. Alcalase, bromelein, Flavourzyme, 

trypsin, papain and Neutrase were commonly used to hydrolyse fish protein (Choonpicharn, 

Jaturasitha, Rakariyatham, Suree, & Niamsup, 2015; Chuesiang & Sanguandeekul, 2015; Lin, 

Alashi, Aluko, Sun Pan, & Chang, 2017; Roslan, Yunos, Abdullah, & Kamal, 2014). 
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Thermolysin is another protease to be considered for the production of protein hydrolysate. The 

enzyme specifically catalyses the hydrolysis of peptide bonds containing hydrophobic amino 

acids releasing hydrophobic peptides which is known to possess angiotensin-I-converting 

enzyme (ACE)-inhibitory activity. Protease N Amano, for instant, with similar specificity to 

thermolysin had showed to produce ACE-inhibitory peptides from whey proteins (P. Ortiz-

Chao et al., 2009; Pa’ee, Gibson, Marakilova, & Jauregi, 2015; F. Welderufael & Jauregi, 2010; 

Fisseha T Welderufael, Gibson, & Jauregi, 2012; Fisseha Tesfay Welderufael, Gibson, 

Methven, & Jauregi, 2012). 

Thus, the aim of this study was to establish the reaction time, enzyme to substrate (E/S) 

ratio and temperature conditions to produce protein hydrolysate with the highest degree of 

hydrolysis  

 

MATERIALS AND METHODS 

Materials  

Pure tilapia skin collagen type I (JPR-05FC) was purchased from Xi’an Guanyu Bio-Tech Co. 

Ltd, China for all experiments. Protease Thermoase PC10F was donated by AMANO 

ENZYME INC (Japan). Details of the enzyme nomenclature were elaborated in Table 1. 

 

Enzymatic Hydrolysis of Collagen 

Fish collagen was hydrolysed using Thermoase PC10F. Phosphate buffer was used to solubilise 

the enzyme and the by-product. For the effect of temperature (45°C, 50°C, 55°C and 60°C), the 

pH of phosphate buffer and the enzyme to substrate ratio (E:S) was maintained at 5 and 1:100 

respectively. For the effect of pH (pH 4, pH 5, pH 6, pH 7 and pH 8), the E:S and temperature 

was maintained at 1:100 and 60°C respectively. For the effect of E:S, pH and temperature was 

maintained at 5 and 60°C respectively. The mixture was incubated in a shaking bath for 0, 2, 4, 

6 and 8 h. Hydrolysate at 0 h was defined as initial hydrolysis at 5 min. At each hours of 

hydrolysis, the reaction was terminated with boiling water for 5 min. Then, the hydrolysate was 

centrifuged and the supernatant was collected for further analysis.  

 

Determination Degree Hydrolysis (DH) 

Degree of hydrolysis by using method of o-phthaldialdehyde (OPA) was performed according 

to Nielsen, Petersen, and Dambmann (2001) with some modification as describe below. 50 mM 

carbonate buffer was prepared with pH of 10.5. The OPA reagent was prepared using 5 mg of 

OPA, 100 μL of pure ethanol, 5μL of β-2-mercatoethanol and 10 mL of 50 mM carbonate buffer 

pH 10.5. OPA reagent was covered to protect from direct light and must used within 2 hours. 

Alternatively, it can be stored under nitrogen in amber glass vial for 1-2 weeks at 4°C. A volume 

of 400 μL of standard or sample was added into the 3 mL of OPA reagent and mixed for 5 s. 

The standard or sample was incubated before being read at 340 nm using a spectrophotometer. 

Deionised water was used as a blank and isoleucine was used as a standard. The DH was 

calculated using the following equation (1): 

DH % =  
h

htot
 x 100 (1) 

Where the DH% is the percentage of degree of hydrolysis and h is given in the following 

equation (2): 
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ℎ =  
Isoleucine –  NH2 −  β

α meqv g-1   (2) 

Where α, β and htot with the value 1.00, 4.00 and 8.6 respectively, are constant for fish 

describe by Nielsen et al. (2001).  

 

To calculate isoleucine - NH2 using the following equation (3): 

Isoleucine –  NH2 =
ODsample –  ODblank

ODstandard –  ODblank
 ×  0.7624

meqv

L
 ×  0. l × 

100

𝑥 ×  𝑃
  (3) 

Where isoleucine - NH2 = meqv Isoleucine –  NH2 /g protein; 𝑥 = g sample; P = protein % in 

sample; 0.1 is the sample volume in liter (L).  

 

Peptide Chain Length (PCL) 

Due to the complex peptide profile, it is often useful to calculate the average peptide chain 

length (PCL) introduced by Adler-Nissen and Olsen (1979) to express the composition of 

protein hydrolysate. PCL is calculated from the degree of hydrolysis in the following way: 

PCL =
100

%DH
 (4) 

Statistical Analysis 

All experiment was carried out in triplicate. The value in this experiment was expressed in mean 

and standard error mean. One-way ANOVA was used to determine comparison of means using 

Minitab 17 Statistical Software with P<0.05 indicating significance difference. 

 

DISCUSSION 

Effect Of Enzyme To Substrate (E:S) Ratio On The Degree Hydrolysis (DH) Of 

Collagen 

DH were measured at different E:S ratio of Thermoase PC10F for 8 hours of hydrolysis with 

constant pH and temperature of 5 and 60°C respectively (Figure 1). The 1:100 ratio showed the 

highest DH after 8 hours of hydrolysis. The highest DH was obtained at the 6th hour (11.5 %). 

Initially, 1:250 showed the highest DH at 2 hour, however, the hydrolysis became plateau as 

the hydrolysis time increased. The highest DH for 1:250 was 8% at the 6th hour and was similar 

to the hydrolysis at E:S ratio of 1:500. Extend hydrolysis of both E:S ratios (1:250 & 1:500) 

were insignificant. DH for 1:500 decreased at the 8th hour, which may be due to enzyme 

deactivation and/or product (peptides) inhibition. E:S ratio of 1:500 had the lowest DH 

throughout the 8 hours of hydrolysis. The finding was similar to See, Hoo, and Babji (2011) on 

Salmon salar skin using alcalase showed that the DH% increased with the increase in enzyme 

concentration and hydrolysis temperature when the pH was kept constant. Furthermore, Daud, 

Babji, and Yusop (2015) showed that thermolysin showed a higher capacity of protein 

hydrolysate production than alcalase enzyme. Thermoace PC10F which have similar 

characteristic with thermolysin compliments the binding sites and more efficient than any 

enzymes. The production of peptides with biological activity depends on the sequence of amino 

acids in hydrolysate produced at certain time, which carry the activity of interest. Peptide chain 

length (PCL) were measured for all E:S ratios and showed that all PCL decreased as the DH 

increased (Figure 1) suggesting that Thermoace PC10F was able to hydrolyse collagen. Both 

1:250 (107) and 1:500 (110) showed the highest PCL with the lowest DH at the beginning of 
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hydrolysis. Subsequently, PCL for 1:250 (PCL of 13) and 1:500 (PCL of 14) decreased 

significantly (P<0.005) at DH of 7 % & 8 % respectively. In contrary, 1:100 being the most 

concentrated enzyme showed the highest DH (11%) at the 6th hour with the lowest PCL at 10.  

 

 

Figure 1 Production of collagen type I hydrolysate at different enzyme to substrate ratio (E:S) 

and it effect on peptide chain length (PCL) 

 

Effect Of pH On Degree of Hydrolysis of Collagen 

Based on Figure 2, pH 5 had the highest DH while at pH 8 had the lowest DH. Initially, the DH 

for pH 6 and 7 were the highest as opposed to other pH condition at 2 hours of hydrolysis time. 

The DH for pH 5 and 8 were among the lowest during the initial stage of hydrolysis. 

Surprisingly, as hydrolysis time increases the DH significantly (P<0.05) for pH 5 and was the 

highest DH after 6 hours of hydrolysis. Pa’ee et al. (2015) suggested that pH could also affect 

enzyme function where changes in pH can affect the residues and make it hard for substrates to 

bind due to protein conformational structure change. Furthermore, according to the 

manufacturers the enzyme maximum activity s found at pH 5. Therefore, the pH value higher 

than pH 5 (pH 6, pH7 and pH8) or lower than pH 5 (pH 4) could cause the enzyme to denature 

and/or conformational structural change in which decreased the DH. The peptide chain length 
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(PCL) for all the pH decreased as the DH increased. During the initial hydrolysis especially for 

pH 4 had shown that low DH significantly affects the PCL as opposed to other pH. The latter, 

pH 5 had the highest DH (10-11%) and thus, showed the lowest PCL. 

 

 
Figure 2 Production of collagen type I hydrolysate at pH and it effect on peptide chain length 

(PCL) 

 

Effect of Temperature on Degree of Hydrolysis of Collagen 

Temperature has a significant impact in protease activity. In Figure 3, all temperature condition 

(45°C-60°C) showed increased in DH. Temperature of 60°C showed the highest DH after 6 

hours of hydrolysis. However, during the initial hydrolysis (2 hour), the temperature showed 

the lowest DH as opposed to other temperature condition. Temperature of 45°C showed a 

promising reaction kinetic in the beginning but the DH became plateau as the reaction time 

increased. Although, the DH increases at the 8th hour but extended hydrolysis would only mean 

longer hydrolysis time in comparison other temperature condition. Similarly, P. A. Ortiz-Chao 

and Jauregi (2007), shows that higher temperatures (55°C) using Protease N Amano tend to 

increase the rate of reaction of the enzyme. Thus, more collagen molecules tend to be 

hydrolysed on the 6th hour of the hydrolysis at 60°C. Furthermore, according to the 
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manufacturers the enzyme maximum activity s found at 60°C-70°C. The PCL showed similar 

trend to the effect of enzyme to substrate ratio and pH where PCL decreased as the DH 

decreased. Initial PCL were similar for all temperature conditions due to similar DH, however, 

PCL decreased gradually for 60°C as opposed to other condition and reached the highest DH at 

12 % and the lowest PCL.  

 

 
Figure 3 Production of collagen type I hydrolysate at different temperature and it effect on 

peptide chain length (PCL) 

 

CONCLUSION 

The use Thermoase PC10F for the production protein hydrolysate derived tilapia skin was 

plausible based on the degree hydrolysis measured. The optimum hydrolysis conditions were 

at 60°C, pH 5 and enzyme to substrate ratio of 1:100. The degree hydrolysis was consistent at 

11 % for al hydrolysis condition.  
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ABSTRACT  
Phytoremediation provides a low cost and sustainable remediation to eliminate the 

contaminants in water particularly heavy metals. Some plants have the ability to absorb certain 

metals and some plants not. This research investigates the potential of different green plants to 

absorb lead (Pb) in three types of water; distilled, mineral and surface water. The green plants 

scientifically named as Nappier grass (Pennisetum Purpureum) was found to be effective in 

absorbing the lead contaminants. The rate of absorption of lead for different plants and water 

types were determined and monitored in fume cupboard equipped with tungsten bulb under 

controlled environment; light intensity, humidity, temperature and concentration of Pb(NO3)2. 

In 14 days of experiment, the highest rate of absorption of lead was observed by using 

Pennisetum Purpureum plant where the absorption rate was 2.069 ppm/day and the Pb removal 

from surface water sample was 86.99%. In addition, the absorption rate of lead in mineral and 

distilled water samples were 1.899 ppm/day and 1.916 ppm/day with percentage of the metal 

removal of 86.78% and 84.97% respectively. Additionally, plants named Mung bean (Vigna 

Radiata) was studied and unable to absorb any trace of the lead. These results could be 

compared with the success of the other plant. The concentration of Pb in the water samples 

throughout the research were analyzed at 283.3 nm wavelength using Atomic Absorption 

Spectroscopy (AAS). 

 

Keyword: Absorption, Heavy metal, Lead, Phytoremediation, Water. 

 

INTRODUCTION 

Global chemicals industries such as petroleum refinery, metal ore processing, power plants, and 

underground mines (Fikru, 2018) have contributed to the release of heavy metals to the 

environment especially into surface water and soil. A paper reported by Tangahun et al., 2014 

stated that the general definition of Phytoremediation is defined as an emerging technology 

using selected plants to clean up the contaminated environment from hazardous contaminant to 

improve the environment quality.  Phytoremediation which is a bioremediation activity that 

occurs biologically does not only has potential to solve this type of pollution but also to protect 

the environment. Phytoremediation can be divided into several types of technique which 

includes phytodegradation, phytoextraction, phytofiltration, and phytostabilization whereby 

every type of phytoremediation technique has their own potential to absorbs, adsorbs and break 

down the contaminant from the soil and waters (Pajevi et al., 2016). Overcoming this problem 

in a large-scale process usually requires high capital and expenditure cost to treat the polluted 

or hazardous pollution such as water pollution from the industrial waste (Gautam, et al., 2014).  

mailto:aminsafwan@unikl.edu.my
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Hence, phytoremediation is preferable to be used as a tool to remove the toxic 

contaminant in the ecological system naturally with lower outlay as they use green plants or 

biomass-derived to remove heavy metals as a macronutrient. This technique is more effective 

and cheaper compared to the old method to treat heavy metal (Gerhardt, et al., 2017). The 

mechanism of the photodegradation, starts from the root of the plant and it continues the 

absorption process into the tissue root of plant and it will mobilize and biotransformed. The 

adsorption and absorption process will depend on the type of plant used whether to trap the 

contaminant on their roots, stem or leaves. Apart from that, other forms of phytoremediation 

which is phytostabilization are able to decrease the bioavailability of certain contaminants 

which is the metals or metalloids by immobilizing or binding the metals to the soil matrix of 

the plant (Peuke & Rennenberg, 2005). 

 Phytoextraction which is also a sub process of phytoremediation is very useful for the 

ecological system to minimize the contaminated (forest) areas and it has a good accumulation 

capacity for higher biomass production. The mechanisms of phytofiltration also occurs at the 

root of plant where the contaminant will be attracted by the root of plant and will move it to the 

upper part of the plant by absorbing the contaminants (Fahr et al., 2013). Hence, removing the 

heavy metal from polluted water or surface water is the most indispensable thing to do as they 

contain harm material that can damage the ecosystem and human as well as animal bodies, such 

as skin irritations, anemia, nausea, vomiting and stomach cramps (Oyaro et al., 2007).  

 The heavy metal and metalloids are non-biodegradable matter that could not be 

decompose into a non-hazardous matter and it should be removed from surface water to prevent 

from water pollution to occur (Ayangbenro & Babalola, 2017). The heavy metal cannot degrade 

by their own and they should be removed by using the water treatment technology such as 

chemical precipitation, ion-exchange, adsorption, membrane filtration, coagulation–

flocculation, flotation and electrochemical (Bazrafshan et al., 2015). However, this technique 

is expensive and requires the high expenses to treat the heavy metal. Various strategies have 

been tested by ecologist to obtain the most sustainable and cost-efficient method to evacuate 

the dissolvable pollutants from surface water.   

 The phytoremediation technique is found in 1983 by Professor Brooks, and it was 

applied by the scientist from Rutgers University (Society, 2017). All plants have the capability 

to absorb heavy metals whereby plants such as cucumber and Brassica juncea that was found 

to accumulate different concentration of Lead, Pb(NO3)2 (Takeda et al., 2010). Hyper 

accumulative exists in each plant that makes them capable of treating the heavy metal by their 

own through the plant’s tissues: root tissue or leaves tissue as an agent to trap the pollutants 

like heavy metal (Li, Yu, & Luan, 2015). The aim of this paperwork is to investigate the 

potential of the plant to adsorb & absorb the heavy metal by using the plant as an absorbent to 

clean up the contaminant in the surface water. Pennisetum Purpureum, and Vigna radiata were 

used to absorb the heavy metal from distilled, mineral, and surface water as a sustainable and 

low cost remediation to treat the polluted water.  

 

Sources of Heavy Metals 
Heavy metal is discharged from industrial waste, soils, surface water, and atmosphere. Some 

of the heavy metal such as Cr, Mn, Cu, and Zn is essential for the metabolism of the human.  

However, the overexposed of these metals can lead to bad effect of human health and can cause 

the chronic intoxication especially Lead, Pb where most of the studies found that industrial 

workers are likely to be diagnosed with stomach cancer as well as other types of cancer 

(Manhurpawar, 2015). Lead is highly resistant to biological or chemical degradation where it 

could persist in soil for more than 150 years after sludge application. (Nandakumar et al., 1995; 

Khalid et al., 2017). Heavy metals can affect the ecosystem through two pathway which is the 

pedogenic and anthropogenic (Bolan et al., 2014). Most heavy metals present naturally on earth 
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does not have the capability to directly perform plant uptake if they are from pedogenic inputs. 

While for heavy metals that comes from anthropogenic inputs which usually comes from events 

such as industrial and manufacturing sector has higher rate of plant uptake. (Adriano, 2001 as 

cited in Bolan et. al., 2014).  

 

Table 1: Properties of the heavy metal (Marin-Mezquita et al.1997) 

Element Sc Ti V Cr Mn Fe Co Ni Cu Zn 

First ionization energy 

(kJ/mol) 

  

631 

  

658 

  

650 

  

653 

  

717 

  

759 

  

758 

  

737 

  

745 

  

906 

Bonding Atomic 

radius (Ắ) 

1.44 1.36 1.25 1.27 139 1.25 1.26 1.21 1.38 1.31 

Density (g/cm3) 3.0 4.5 6.1 7.9 7.2 7.9 8.7 8.9 8.9 7.1 

Melting point (ºC) 1541 1660  1917  1857  1244  1537 1494  1455 108

4 

420 

 

Plant Species  

Napier Grass and Mung Bean were used in absorbing heavy metals in three different types of 

water compared to other studies that absorbs the heavy metal through soil medium. Recently, 

Napier grass has drawn attention in phytoremediation due to its long, deep root system and 

resistance to an extensive variety of unfavorable climatic and edaphic conditions (Md. Ariful, 

et al., 2018).  

 

METHODOLOGY 

Collection of materials 

Pennisetum purpureum was collected from Padang Lebar located at Negeri Sembilan. Vigna 

Radiata and mineral water were purchased from local hypermarket, Mydin Pulau Sebang 

located at Melaka. All plants were cultivated in tap water by using pail. The surface water 

samples were collected from two point which are Cherana Putih River located at Alor Gajah, 

Malacca and Jati River located at Simpang Ampat, Malacca. Distilled water, nitric acid (HNO3) 

and 0.5 M Pb(NO3)2 were obtained from Analytical Chemistry Lab 2B. The plants and water 

samples were kept under controlled condition in the laboratory unless stated otherwise.  

 

Experimental Setup 

Each plant is washed properly with distilled water prior the experiment to remove the soil 

residue from the roots. Then, all plants were placed into the labelled bottles filled with water 

samples: distilled water, mineral water and surface water. Each bottle has been added with a 

same amount of Pb (30 ppm). At the same time, another set of bottles were prepared as 

experimental control which were leave without any plants. All these experiments were carried 

out in a fume cupboard equipped with tungsten bulb (Chiyoda, 100 watt) to provide sufficient 

light intensity for the plants. The plants must be exposed to a light source for about 14 hours 

and in dark for about 10 hours. Malaysia climate is not suitable to simulate controlled 

environment hence the experiments were done in laboratory. Other than that, the humidity and 
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temperature were monitored and measured constantly every day. Additionally, 1% volume of 

nitric acid (HNO3) was used to reduce precipitation, cease microbial activity, preserves most 

trace metal, and avoid absorption losses to container walls.  

 

Sample Collection 

The sample for each types of water were collected after 24 hours for every two days 

consecutively for 14 days. Then they were labelled accordingly and being secured using 

parafilm to avoid evaporation process. The samples were kept under a suitable condition for 

further analysis. 

 

Laboratory Analysis 

The concentration of heavy metal (Pb) in all the samples were analyzed at 283.3 nm wavelength 

by Atomic Absorption Spectroscopy (AAS), Perkin Elmer Aanalyst 100 Flame Atomic 

Absorption Spectrometer. This analysis is used to determine the amount of Pb absorbed from 

the water samples by each green plant.  

 

RESULTS AND DISCUSSION 

The effectiveness of Pennisetum purpureum and Vigna Radiata in absorbing the Pb on different 

types of water were investigated and recorded.  

 

Initial Rate of Absorption 

The first eight days of the experiment is considered as it’s the initial rate of lead (Pb) adsorption. 

Based on the initial rate, the potential of the green plants to perform phytoremediation were 

determined. 

 

Table 2: The Initial Rate of Absorption for Different Green Plants 

Plant Distilled water 

(ppm/day) 
Surface water 

(ppm/day) 
Mineral water 

(ppm/day) 

Pennisetum purpureum 2.188  1.792 1.171 

Vigna Radiata 0 0 0 

 

From Table 2, Vigna Radiata was clearly not capable to absorb the contaminant from 

the water samples. Their ability for phytoremediation is proven to be ineffective as there is no 

heavy metal uptake that has occurred for the first eight days. This suggests that both are not 

suitable for phytoremediation, since all experiments were run under similar condition unless 

stated otherwise. Similarly, both Zhai (2011) and Jagtap et al. (2016) also suggested that not all 

plants can play such a big role in phytoremediation. Zhai (2011) further added that it is difficult 

to find the right plants for the right pollutant.  

Apart from that, Pennisetum purpureum has a different rate of absorption (Table 2). 

This is due to the ability of a green plant to absorb heavy metal was highly dependent with its 

type. Moreover, plants absorption rate for the given metal are corresponded with its ability to 

absorb other metal (Li et al., 2015). Hence, they have the tendency to absorb the other 
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compound as well. In this study, the initial rate of absorption for mineral water and surface 

water are lower compared to distilled water. Distilled water has undergone treatment process in 

which most of the impurities and mineral has been removed. Thus, the absorption on distilled 

water was not affected much by other compounds presence. Mineral water and surface water 

however does contain various minerals. On the other hand, Li et al. (2015) also mentioned that 

the absorption abilities are strongly correlated with the plant organ. Absorptions of the heavy 

metal by the plant may occur through several parts of the plant which is the root, shoot and leaf 

(Md. Ariful, et al., 2018). 

 

Efficiency of the Absorption 

The efficiency of absorption was determined to prove that phytoremediation does occur. It is 

also to measure the effectiveness of the green plants to uptake the contaminant from the water 

samples. Thus, the following formula was used to calculate the absorption rate for each plant: 

Absorption (%) = 
𝐶𝑜 −𝐶𝑡

𝐶𝑜
x 100 

Where, 

Co = initial concentration (ppm) 

Ct = variable concentration (ppm) 

From the calculation result, the ability of the green plants to perform phytoremediation 

can be determined. As for Pennisetum Purpureum, their efficiency to absorb Pb from distilled 

water, surface water and mineral water for total of 14 days are presented graphically in Figure 

1 and Figure 2 below.  

 

 
Figure 2. The Absorption Efficiency of Pennisetum Purpureum for 14 Days. 

 

Data time interval are 2 days. The placement of symbols corresponding to the type of 

water samples, distilled water (filled square), mineral water (open circle), surface water (filled 

triangle), Vigna Radiata in surface water (open diamond). 

The percentage of absorption for both plants are significantly increasing during the 

period of 14 days (ref. Figure 1 and Figure 2). The increasing trendline shows the presence of 
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absorption activities throughout the experiment. As a conclusion, the efficiency of absorption 

performance is almost constant for 14 days. Although Pennisetum Purpureum uptake is lower 

at day 2, its uptake is the highest at the final day. The absorption of heavy metal depends on 

many factors such as the plant characteristics, the root zone, properties of the water, 

environmental condition, bioavailability of the metal, as well as the chemical properties of the 

heavy metal (Tangahu et al., 2011). However, Li et al. (2015) stated that other factors that might 

affect the absorption as well are the pH, cation exchange capacity, dissolved oxygen, 

temperature and secretion of roots. Apart from the type of the plant, the diameter of the roots 

could also affect the absorption.  

 

Rate of Heavy Metal (Pb) Absorption 

Figure 3 and Figure 4 show the absorption rate of Pb on mineral water, distilled water and 

surface water using Pennisetum Purpureum for the period of 14 days. 

  

 
Figure 4. The Absorption Rate of Pennisetum Purpureum for 14 Days. 

 

Data time interval are 2 days. The placement of symbols corresponding to the type of water 

samples, distilled water (filled square) mineral water (open circle) and surface water (filled 

triangle). 

The concentration of Pb absorbed are decreasing steadily until day 14. It shows that the 

plants were absorbing the contaminants effectively hence, the concentration of Pb in water 

samples were reduced as well. On the other hand, the initial absorption rate (ppm/day) for 

Pennisetum Purpureum are illustrated in Figure 5 below. The absorption rate of Pennisetum 

Purpureum per day on all water samples are high. Since its rate of absorption is higher, the final 

concentration of Pb in its water samples are reduced greatly (ref. Figure 4). The highest rate of 

absorption for Pennisetum Purpureum is on surface water which is 2.069 ppm/day. 
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Figure 5. The absorption rate on different type of water sample (ppm/day). 

 

The black and white bar represent absorption rate for Pennisetum Purpureum respectively. 

 

 
Figure 6. Percentage of Removed Heavy Metal (Pb) form Distilled, Mineral and Surface 

water. 

 

The black and white bar represent absorption rate for Pennisetum Purpureum 

respectively. The total removal of heavy metal (Pb) in different type of water sample are 

presented in Figure 6. It seems obvious that Pennisetum Purpureum has removed large amount 

of Pb while none Pb was detected in Vigna Radiata system, Figure 2. Since the surface water 

used for both plants are collected from different source, the amount of contaminant present is 

also different. As for the result, only Pennisetum Purpureum is able to remove more Pb on 

surface water. However, based on previous studies, Napier Grass has the lowest ability to 

uptake Pb compared to other heavy metals in a soil medium which is the tannery sludge (Md. 

Ariful, et al., 2018).  

 

Experiment control 

An experiment control is set up to minimize errors throughout the experiment. As for this 

research, it aims to demonstrate that heavy metals inside the water samples remains unchanged 

when the green plant is not present. The controlled experiments were conducted using a similar 

condition as the actual experiment to ensure the reliability of the trials made. From the findings, 

absorption activity does occur during the experiment since the concentration of Pb is decreasing 

by time. The concentration of Pb for experiment control was expected to remain constant 

considering the absent of any green plants that capable to absorb the heavy metals. However, 
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the Pb concentration showed a slight increase. The vaporization of water was suspected to 

induce the minor error to the finding. As the evaporation rate increases, the amount of water 

samples would decrease significantly. Hence, the concentration of Pb would increase due to 

reduce in solvent volume. The vaporization does happen at both samples with the existence of 

plant and without plant.  

Other than that, the humidity and temperature were monitored throughout the 

experiment to control its condition. Both parameters would not introduce errors, but it does 

affect the growth of the plant. The suitable ambient humidity and temperature for the plants are 

approximately 75% and 26.67 ͦ C respectively. When the amount of humidity is high, the plant 

would not release any moisture content that can evaporate to surrounding. Thus, it can keep and 

retain the amount of water content inside the plant. 

 

CONCLUSIONS 

From the overall experiment result, it was deducted that not all green plants can carry out 

phytoremediation. The initial observation shows that Vigna Radiata has failed to absorb heavy 

metal (Pb) from distilled water, mineral water and surface water. In contrast, there was an 

uptake of Pb from the water samples when using Pennisetum purpureum. The Pennisetum 

purpureum is suitable to perform phytoremediation due to its ability to remove a large amount 

of Pb from the water samples.  
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ABSTRACT 

The production of the cassava chips as a type of snack to meet demands from consumers is 

growing from time to time. In Malaysia, this snack industry has contributed in increasing the 

demand of oil-palm based cooking oil, which is commonly used in deep frying processes. 

However, usage of the cooking oil in high volumes during a deep-frying process may lead to 

high production of cooking-oil waste. This waste would further contribute to the production of 

environmental problems and current waste disposal. Moreover, the frying process uses heat that 

can increase the lipid content and reduce the appearance, nutritional values and benefits of 

consuming cassava chips. This research was performed to evaluate the effect of Carboxymethyl 

Cellulose (CMC) concentration (1, 2 or 3 %) and CaCl2 solution (0.1 mol/L) as coating 

materials on the characteristics of fried cassava chips. The coating materials were attained from 

edible and natural sources. A dipping method was used in performing the edible coating 

process. The characteristics evaluated of the chips were lipid content and colour measurement. 

All data were then analysed using one-way ANOVA and Duncan multiple range. Significant 

results showed 3% CMC as an excellent edible coating in reducing the lipid content of cassava 

chips up to 10%. In addition, the coated-cassava chips significantly brighten up their colour as 

compared to uncoated-cassava chips. Overall, the CMC-coated cassava chips reduced the lipid 

contents, which subsequently resulted in a healthy and better appearance snack. Indirectly, it 

may also reduce the high usage of oil-palm based cooking oil during the deep-frying process as 

a smaller amount cooking oil would be needed. 

 

Keywords: Carboxymethyl Cellulose, Cassava, Coating, Cooking oil, Oil uptake.  

 

1 INTRODUCTION 

Cassava chips as a type of snack food has created a high demand by global consumers, 

especially in Malaysia. The chips are usually processed using deep-frying method that uses a 

high amount of cooking oil. In Malaysia, this situation contributes to an increasing demand of 

oil-palm based cooking oil. Unfortunately, the high usage of the cooking oil in the deep-frying 

process may lead to high production of cooking-oil waste. Consequently, current environmental 
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problems and waste disposal levels are worsening due to this abundance of the waste presence. 

The level of waste disposal is becoming one of the major problems in certain countries such as 

Malaysia and Brazil (Sorbinho et al., 2018).   

 Deep fat frying is one of the common processing practice in the food industry. The 

simple processing involves chemical and physical changes including starch gelatinization, 

protein denatured, water vaporization and crust formation (Rimac-Brnčić, Lelas, Rade, & 

Šimundić, 2004). Various factors can affect the quality of fried food products such as time of 

frying, product composition, moisture content, texture, pre-treatment heating of the food 

product, and so forth. (Quasem et al., 2009). The frying process also serves as a heat transfer 

medium that migrates into the food, thus providing flavour and increases the calorie content 

(Williams & Mittal, 1999). Some of the food products may not contain any lipid before being 

fried, however after the frying process, most of them may have a lipid content of up to 50% of 

the total weight product (Shaker, 2015). For example, the lipid content in French fries increased 

from 0.2% to 14% after being fried, while an increase to 40% and 18% could be observed for 

potato chips and raw fish, respectively (Ferrero, Bertola, Martino, & Zaritzky, 2002). 

Consequently, consumer health awareness on the side effects of eating food with high-fat 

content has become more prominent as it can lead to obesity, high cholesterol levels and 

coronary heart diseases. (Angor, 2016).  

 Therefore, due to consumers’ health concerns and the trends to get healthier food 

product, intensive research has been conducted to reduce the lipid uptake in fried food. One of 

the effective ways to reduce lipid in fried food products that has been proven is by using specific 

barriers to prevent the high oil uptake from entering the food product. The application of 

specific barriers concept, also known as “edible coating”, has been proven to be successful in 

reducing oil uptake in fried food (Huse, 1998). Moreover, the texture characteristics of fried 

chips such as crispiness and brittleness, were maintained, or even enhanced, with the presence 

of the coating.   

 Hydrocolloids has been widely used in the food processing industry. It could improve 

functional properties such as water binding capacity, emulsion stability and viscosity in food 

products. It has been reported that some hydrocolloids have a main long polysaccharide chains 

that could assist in reducing oil absorption during deep-fat frying (Meulenaer, 1990). 

Researchers have also found that the “edible coatings” from methylcellulose can reduce fat 

absorption and improve moisture retention in starchy and poultry products, respectively 

(Olownia, Hinnan, & Rickson, 2000). Some studies have utilised hydrocolloids that are 

cellulose derivatives such as hydroxypropyl cellulose (HPC), methyl cellulose (MC), and 

hydroxypropylmethyl cellulose (HPMC) (Albert & Mittal, 2002). All these celluloses are water 

soluble ethers with good film-forming properties and the hydrophility increases in the order of 

HPC<MC<HPMC<CMC (Rimac-Brnčić et al., 2004). However, there are no published 

information about the use of Carboxymethyl Cellulose (CMC) and calcium chloride as an edible 

coating material to reduce lipid uptake of cassava chips during deep-fat frying. Therefore, this 

study was performed using CMC and calcium chloride with the aim of investigating the effect 

of different percentages of Carboxymethyl Cellulose (CMC) and CaCl2 as coating materials 

for cassava chips during deep-fat frying with regards to the level of lipid uptake and colour 

properties. 
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2 MATERIALS AND METHODS 

Materials  

Raw cassava and cooking oil (Buruh) were purchased in local market in Alor Gajah, Melaka, 

Malaysia. All the chemicals used in the present study were of analytical grade such as 

Carboxymethyl Cellulose (Hannschweiller) and Calcium Chloride (R&M Chem). 

 

Preparations of Cassava Chips 

Approximately 2kg of cassava were used for each treatment in three replicates. Then, chipping 

procedure consisted of cassava washing, peeling, slicing it by using vegetable slicer and rinsing 

in distilled water to remove surface starch. 

 

Preparations of Cellulose Coated Chips 

Cassava chips were fully submerged in cellulose solution (1.0%, 2.0% or 3.0%, w/v) for 5 

seconds and subsequently in CaCl2 solution (0.1 mol/L) for 3 seconds. After draining off the 

excessive liquid, the sample were dried by using tray drier with 35°C for 20 minutes. Next, 

chips would be fried by using an electrical deep fryer (Cecilware EL2X25 Stailess Steel Deep 

Fryer) at 170oC for 3 minutes. The sample were dried by using tray drier with 35°C for 20 

minutes. Fresh cooking oil were used for each treatment and maintained at the processing 

temperature for 1 hour. The proportion of food to oil are constantly 1:20 and the chips would 

fully have submerged in oil during frying. The products will subsequently shake in aluminium 

basket to drain off the excessive oil. The chips were stored in air-tight container prior to 

analysis.  

 

Determination of Lipid via Soxhlet Method 

An empty solvent beaker was weighted. Approximately two grams of sample were weighted 

and placed into the thimble covered with cotton wool. Then, the thimble was transferred to 

soxhlet extraction unit. Approximately 125ml petroleum ether was added in the solvent beaker. 

The extraction completed after 2 hours and 30 minutes (Hua, Wang, Yang, Kang, & Yang, 

2015). The solvent beaker was transferred into drying oven at 100oC for 30 minutes. Afterthat, 

the solvent beaker would let to cool in desiccator and weighted. The weight was recorded and 

used in determines the fat content using this formula; 

% fat on dry weight basis = (fat in sample weight/dried sample weight) x 100% 

 

Determination of Colour 

The colour values (L, a* and b*) of the coated and uncoated chips (control) were identified 

using chromameter (CR-400 Chroma Meter Konica Minolta).  

 

Statistical Analysis 

Data analysis was performed using SPSS Inc Software (24th version). Statistical analysis was 

accomplished by using one-way anova analysis of variance (ANOVA). The data were presented 

as mean value ± standard error. The statistical significance of the results was evaluated using 

Duncan multiple range these at significance of p<0.05. 
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3 RESULTS AND DISCUSSION 

Effect of coating concentration on lipid uptake 

As presented in Table 1, when the concentration of CMC was increased from uncoated to 3.0%, 

it showed a significant reduction in the trend of lipid content of the cassava chips. The lipid 

reduction was up to 10% from 52.3±0.008 (uncoated) to 42.7±0.012 (3% CMC). These results 

were in concurrence with a study by Angor (2016), which stated that the CMC could help to 

reduce the fat content in fried chips. In general, when frying without coatings, oil will be 

absorbed into the surface of the food, while water will evaporate (Kurek, Ščetar, & Galić, 2017). 

In the presence of a coating, lipid was poorly absorbed due to the hydrophilic coating of CMC. 

Similar poor lipid absorption was observed in hydrophilic coated-methyl cellulose of fried 

potato chips (Hua et al., 2015). Furthermore, as the MC concentration was increased from 1.0 

to 3.0% (w/v), the lipid content showed a significant change (p > 0.05). Higher concentration 

of CMC coating proved to have a significant effect towards the lipid reduction due to better 

coating structure integrity and compactness.    

 

Table 1 Lipid contents in Cassava chips with differences concentration 

CMC concentration (%, w/v) Lipid Content (%) 

Uncoated 52.3±0.008c 

1 49.9±0.129b 

2 47.3±0.011b 

3 42.7±0.012a 

abcMeans with different superscripts within a column were significantly different [P<0.05, n=3]. 

Analysis of Colour 

 

 During frying, the change of colour is caused by Maillard reactions, which is also known 

as non-enzymatic browning reactions. It is a complex chemical reaction between free amino 

acid groups and reducing sugars with the presence of heat (Hua et al., 2015). Maillard reaction 

plays an important role in the food industry, and it occurs during processing of food storage 

(Finot, 2005). Brown colour development during processing and storage occurs for many 

products such as fried food, baked food and others. In this study, colour change of the coated 

chips was compared with the uncoated chips. Colour components of L*, a* and b* are tabulated 

in Table 2. The 1% CMC-coated chips showed higher value lightness L* as compared to the 

uncoated chips. However, the value was reduced when higher concentrations of CMC was used. 

This phenomenon indicated that the Maillard reaction was increased with the increase of the 

concentration. Thus, the colours were brighter in the higher concentrations of CMC coated 

chips. This showed that the coating did not change the initials colours of the cassava chips but 

further enhanced the colours after being fried. In comparison with coated chips, the a* and b* 

components of uncoated chips were lower and higher, respectively. According to Raghav et al. 

(2015), edibles with coating can help improve the appearance, as well as the mechanical 

handling, in maintaining the structure and colours of fruit and vegetables.  
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Table 2 Determination of colour by using Chromameter 

CMC concentration (%, w/v) L* a* b* 

Uncoated 62.740±1.722b -0.834±0.508c 20.040±0.842c 

1 68.283±0.742c -1.327±0.90c 17.888±0.678b 

2 59.333±0.672a -2.257±0.075a 13.887±0.526a 

3 59.160±3.152a -1.700±0.092b 13.889±0.526a    

abcMeans with different superscripts within a column were significantly different [P<0.05, n=3]. 

 

4 CONCLUSIONS 

From this research, a natural CMC-coated fried cassava chips were prepared. This study showed 

that a significant reduction in lipid content up to 10% was obtained using the best formulation 

of 3% CMC as the edible coating in fried cassava chips. In addition, the colour values of coated 

cassava chips were enhanced in comparison to the uncoated cassava chips. The CMC coated 

cassava chips reduced the lipid content and resulted in a healthy and better appearance snack. 

Indirectly, it may also reduce the high usage of oil palm-based cooking oil during the deep-

frying process as a smaller amount may be needed. This pre-treatment technology could be 

applied in snack industries, especially in fried cassava chips as the coating process is simple, 

fast and impactful.  
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ABSTRACT  

Film material incorporated with antimicrobial compounds can be used to wrap various food 

products to extend the shelf life. However, the widespread uses of these non-biodegradable 

packaging materials have an overall negative impact to the environment. Furthermore, some of 

the antimicrobial compounds added to the packaging materials are toxic upon release to the 

environment. Thus, in this study, we aimed to develop an alginate-based film incorporated with 

cinnamaldehyde for food packaging applications. A natural compound, cinnamaldehyde was 

incorporated directly into the sodium alginate film. The biodegradability of the film was tested 

with Aspergillus niger ATCC 9029. After 21 days of incubation, the fungal growth was visible 

on the plate with alginate film, and 29.7% of weight loss was observed at the end of incubation 

period. The film can be readily degraded by A. niger. The mechanical characterization showed 

that the film obtained was strong and flexible. For the cinnamaldehyde release test, no burst 

release was detected throughout the test period. The release reaches plateau condition at 36 

hours. On cross streak test, the film inhibited the growth of 6 test microorganisms, including 

both Gram positive and negative bacteria. The results indicate the potential use of alginate film 

with cinnamaldehyde as an active and biodegradable food packaging material.  

 

Keyword: Alginate film; Biodegradable material; Cinnamaldehyde; Food packaging. 

  

INTRODUCTION  

Film material incorporated with antimicrobial compounds can be used to wrap various food 

products to extend the shelf life. The film also provides surface sterility which can prevent the 

loss of nutritive compounds from food (Ansari & Datta, 2003). However, the widespread use 

of these packaging materials have an inevitable consequence to the environment, particularly if 

the materials used are non-biodegradable (Marsh & Bugusu, 2007). Packaging material is one 

of the significant part of municipal solid waste, and over 67 million tonnes of packaging waste 

was generated in Europe in 2000 (Davis & Song, 2006). Furthermore, conventional oil-based 

plastic materials are non-biodegradable and difficult to recycle or reuse (Song et al., 2009). This 

presents environmental concerns. Hence, in this study, we aimed to develop an alginate-based 

film incorporated with cinnamaldehyde for food packaging applications.  

 Biopolymers such as alginate can be used as an alternative for food packaging material, 

as they are in expensive, abundant, biodegradable and edible (Nair & Laurencin, 2007). 

Besides, these biopolymer films can be used to control the release of nutrients and bioactive 
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compounds from the active packaging systems (Ozdemir & Floros, 2004). However, some the 

chemical substances added such as parabens, benzoic acids and nitrites are banned by U.S. Food 

and Drug Administration because they caused cancer and birth defects (Arvanitoyannis & 

Bosnea, 2004). The release of these substances to the environment also caused detrimental 

effects to the environment. Thus, in this study, a non-toxic natural compound, cinnamaldehyde 

was added into alginate film as antimicrobial finishing. 

 

METHODOLOGY 

Development of film 

The sodium alginate films were prepared based on the method described by Pranoto et al. (2005) 

by using 5% sodium alginate solution (pH 7.0). 

 

Biodegradability test 

Aspergillus niger ATCC9029 was used for this test (Sunilkumar et al., 2012). The film voucher 

(2cm × 2cm) was placed on the surface of inoculated medium. After 21 days of incubation at 

30 °C, the fungal growth was observed. Besides, the weight of the film voucher was measured. 

 

Mechanical characterization 

The tensile strength, elastic modulus and elongation at break of the film was measured using 

Universal Testing Machine (Llyod LR30K Plus) according to ASTM D882 

 

Cinnamaldehyde release test 

The assay was performed according to Gemili et al. (2009). Voucher of developed films were 

placed into conical flasks containing phosphate buffered saline (pH 7) at a ratio of 1:100 (w/v). 

The flasks were placed at 30 °C on an orbital shaker at 80 rpm. At the pre-determined time 

intervals (0, 2, 4, 6, 12, 24, 36, 48, 60 h), a flask was withdrawn and the amount of 

cinnamaldehyde released was measured with UV-Visible spectrophotometer (Shimadzu Japan) 

at 280nm (Loquercio et al., 2014). The cinnamaldehyde releases at pre-set times was 

determined using a calibration curve. 

 

Test microorganisms 

The test bacteria used in this study were 4 Gram positive bacteria (Bacillus cereus, Bacillus 

subtilis, Staphylococcus aureus and Streptococcus sp.), 4 Gram negative bacteria (Escherichia 

coli, Proteus mirabilis, Yersinia enterocolitica, Salmonella typhii). The test bacteria were 

previously isolated from contaminated food samples. 

 

Cross Streak Test 

The bacterial inoculum was suitably streaked on the surface nutrient agar (Merck) plate by 

using a sterile cotton swab according to Leong et al. (2017) by using film voucher (2cm × 2cm) 

film voucher. 

 

RESULTS AND DISCUSSION 

In this study, sodium alginate was used as a food packaging material. Besides, alginate-based 

films have been widely used to carry active ingredient like colorant, nutrient, flavors, and anti-

browning agent in food products (Fabra et. al., 2018). In this study, a natural compound 

cinnamaldehyde was added into the film to inhibit the growth of microorganisms on the food 
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products. The developed film was colorless, with a thickness of 0.3 mm. The surface of the film 

was smooth, with no brittle areas or bubbles. 

 Tensile testing is important to indicate the strength and elasticity of the developed film 

on the results, a tensile strength of 49.8 ± 0.84 MPa was obtained. The film obtained is strong 

and flexible. However, the film has low ductility. The percentage elongation at break was only 

1.9 ± 0.08%. The property can be improved by the addition of cross-linker such as calcium 

carbonate (Bernavides et al., 2012). In this study, a modules of elasticity of 661 ± 97 MPa was 

observed. The developed film was elastic. The mechanical characterization of the developed 

film showed that the film is suitable for food packaging application due to its strength and 

elasticity. 

 To develop an eco-friendly and sustainable food packaging material, the 

biodegradability of cinnamaldehyde incorporated film was studied. The biodegradability of the 

film was tested using A. niger as model microorganism. On Day 1 to 3, no apparent fungal 

growth was observed. On Day 4, the fungal was visible and the presence of white mycelial mat 

was observed on the film. On Day 7, the fungal growth covered approximately 25% of the 

voucher surface and sporulation of the fungus was observed. Black colored conidia were 

observed on the film voucher. On Day 14, the fungal growth was dense and it covered 

approximately 40% of the voucher surface. On Day 21, we observed the 60% of the voucher 

surface was covered with the fungal conidia. The attachment of A. niger on the alginate film 

allows the fungus to utilize the polysaccharide as their sole carbon source. We also reported a 

29.7 ± 5.3 % of weight loss of the film at the end of incubation period. The alginate film was 

biodegradable and susceptible to the fungal attack, evidenced by the growth of A. niger on the 

film. 

 In overall, no burst release of cinnamaldehyde was observed throughout the experiment 

(Figure 1). The cinnamaldehyde release reaches plateau at 36 hours with a total release of 81.98 

± 8.1 % from the alginate film. The alginate film provides a constant and controlled 

cinnamaldehyde release from the alginate film to the food products. This characteristic favours 

the application of alginate film as food packaging material, as the controlled release property is 

crucial to ensure long term antimicrobial effect of the film. 

 On Cross Streak Test, the alginate film incorporated with cinnamaldehyde showed 

broad spectrum antimicrobial activity, as the film exhibited both Gram positive and negative 

bacteria. Table 1 shows that the film exhibited significant inhibitory activity on all Gram 

positive bacteria tested, and 2 Gram negative bacteria. The largest diameter of clear zone was 

observed on S. aureus (36.5 ± 3.2 mm). The antimicrobial activity of cinnamaldehyde was 

previously reported (Qin et al., 2015; Gill & Holley, 2004). Its antimicrobial activity is due to 

the presence of aldehyde group conjugated with a benzene ring (Wang et al., 2016). 

 

CONCLUSION 

A biodegradable food packaging film was developed by incorporating cinnamaldehyde into the 

alginate film. The alginate film was biodegradable and susceptible to the fungal attack, 

evidenced by the growth of A. niger on the film. The film also exhibited significant 

antimicrobial activity on both Gram positive and negative food borne microorganisms. The 

developed film can be potentially used as an eco-friendly packaging material to prolong the 

shelf life of perishable food products. 
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FIGURES AND TABLES 

 

Table 1: Antibacterial activity of cinnamaldehyde incorporated alginate film on Cross Streak 

Test. The film inhibited both Gram positive and negative bacteria. 

 
 

 

Figure 1: The release of cinnamaldehyde from the alginate film. No burst release effect was 

observed. 
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ABSTRACT  

Due to rapid growth in the electronic industries, the useful life of the electronic devices has 

been shortening drastically resulting to a massive electronics waste (E-waste) generation. As 

an important part of the E-waste, printed circuit boards (PCBs) attract significant concerns to 

seek an environmental friendly and cost effective recycling technology. The leaching of silver 

from PCBs is the basis of extractive economies globally, however, the strategy employed often 

depend on harmful substances such as cyanides. Therefore, citric acid as a potential alternative 

green chemical for leaching was studied to replace cyanides in order to leach silver from PCBs. 

Eh-pH and speciation diagrams were constructed for silver leaching in the Ag-C6H8O7-H2O2 

system from the HYDRA-MEDUSA software database. The calculations also revealed the 

differences in structural stability and oxidation potential of the Silver complexes. The Eh-pH 

and speciation diagrams also showed that the thermodynamically stable redox couple of silver 

complexes can be produced and promote the dissolution of silver in the citric acid plus hydrogen 

hydroxide solution. Leaching experiments were conducted in 100ml solution containing 0.5M 

citric acid and 20ml of 5% hydrogen peroxide as an oxidizing agent at 25oC and under static 

condition. The influence of various parameters like citric acid concentration and hydrogen 

peroxide were also conducted and studied. The optimal parameters of silver leaching were 

determined as 1.5M citric acid and 5% hydrogen peroxide at static condition with temperature 

40°C and with a leaching rate less than 4 hours. The result indicates that leaching of silver from 

E-waste by citric acid in the present of hydrogen peroxide is feasible and electrodeposition of 

silver technology can be developed as it is believed that this strategy can increase the percentage 

of silver extraction as well as the efficiency in citric acid and hydrogen peroxide solution 

consumption.  

 

Keyword: Electronics waste, Leaching, Recycle, Silver, Thermodynamic.  

 

1. INTRODUCTION  

Nowadays, technological advances and their rapid and wide use are having a significant impact 

on the peoples’ lifestyles. Every day, people become the consumer of the electronics as the 

technology has changed the way people communicate, retrieve information and view 

entertainment. As there are many types of electronic devices produced and used, it is estimated 

that the average person owns 24 electronic products (Namias, 2013). The useful life of the 

electronic devices are relatively short as a result of rapid changes in equipment aspect and 

capabilities (Kang & Schoenung, 2005, Peter, Veit & Bernades., 2014). Besides, due to 

technology advances and fashion obsolescence, electronic companies purposely designed the 

electronics to be obsolete in a couple of years. For instance, Apple Inc. produces iPhone 6 just 

after a year iPhone 5 was produced (Namias, 2013). In the European Union, more that 8000 
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million kg of electronic equipment waste is generated every year (Namias, 2013). A study by 

Egeonu and Herat (2016) found that the electronics waste is estimated to rise to 12 million 

tonnes by 2020. In India, the increases of electronics waste generation is from domestic and 

illegal import that creates major challenge in managing the electronics waste in low-cost and 

environmental friendly approach (Borthakur, 2016). Computer are one of the electronic devices 

that are becoming obsolete every year. Thus, effort to recycle or reuse computer parts and to 

find the effective disposal methods are important for the sake of better environment. The 

computer printed circuit boards (CPCBs) contains base metals such as copper (Cu), nickel (Ni), 

lead (Pb), tin (Sn) and Zinc (Zn) (Cayumil, Ikram-Ul-Haq, Rajarao, Hill & Sahajwalla, 2014). 

However, most people are unaware of the negative impact of the rapidly increasing use of 

electronic devices. When these products are placed in landfills or incinerated, they pose health 

risks due to the hazardous metals (Kavitha, 2014). The leaching of precious metals from mineral 

ores is the indication of extractive economies globally. However, the strategies implemented 

commonly rely on the harmful materials such as cyanides. Therefore, with the advantages 

gained from recovery of electronics waste, it has drawn attention to the development of 

techniques for recycling of electronics waste. In addition, recycling of electronics waste is also 

considered beneficial because of the presence of precious metals such as gold (Au), silver (Ag) 

and palladium (Pd) (Cayumil et al., 2014; Peter et al., 2014). The recovery of these metals are 

crucial as the sources are extremely limited and at the same time to reduce the impact on the 

environment. Thus, recycling of metals of electronics waste is important not only for long-

lasting waste management but also for the sustainability of the high demand of various base 

metals and natural sources (Cayumil et al., 2014; Askari et al., 2014).The technology for 

leaching of metals from electronic wastes are based on pyrometallurgical and 

hydrometallurgical method. However, the pyrometallurgical have several advantages such as it 

only able to partially separate the metal (Jadhav, Su & Hocheng, 2016). The pyrometallurgical 

method are normally design for base metal are not suitable for leaching of precious metals 

(Yazizi & Deveci, 2014). Currently, the hydrometallurgical method becomes one of the popular 

processes for the treatment of electronics waste. Many researchers found that the use of strong 

acids as leaching agent for metals leaching were effective (Akcil et al., 2015; Park and Fray 

2009; Tuncuk, Stazi, Akcil, Yazici & Deveci, 2012; Yang, Jingyang & Jiakuan, 2011). 

However, the use of strong acid such as Cl2, SO3 and NOx produce waste during the leaching 

process give a great impact to the environment (Jadhav et al., 2016). Besides, the dependency 

of gold and silver producers on cyanidation to the leach the metals is shown as an urgency to 

shift to the use of green and safer chemicals (Alarcon et al., 2017). 

 Alternatively, the organic acid such as citric acid is used. Many researchers have utilized 

citric acid and H2O2 for metal leaching from electronics waste for example, sewage sludge and 

battery waste (Sonmez and Kumar 2009; Li et al., 2010a,b). The leaching waste from citric acid 

solution can be easily treated as it is water soluble and easily degrades under aerobics and 

anaerobic condition (Jadhav et al., 2016). A major disadvantage using citric acid is that it is a 

weak acid. The use of weak acid to dissolve stable metal are seem to be impossible. A strong 

oxidant are required to achieve an acceptable silver leaching rate. A study was conducted for 

leaching using H2O2 and citric acid from lithium cobalt batteries waste showed that H2O2 is a 

good oxidant with high reduction potential of 1.78 V (Li et al. 2010a,b). Several researcher had 

also used H2O2 as the oxidant in acid sulfate solutions for metals leaching from waste printed 

circuit boards’ powder (Birloaga, Michelis, Ferella, Buzatu & Veglio, 2013; Deveci et al., 2010; 

Yang et al., 2011; Yazici and Deveci 2014). The leaching of metals from waste computer 
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printed circuit boards using citric acid together with H2O2 is also possible to leach metals from 

electronics waste. No thermodynamic analysis on the Ag-C6H8O7-H2O2 system has been 

conducted, leaving the possible mechanism for the C6H8O7-H2O2 effects and the possibility to 

reduce the acid consumption. This work also used thermodynamic calculation from HYDRA-

MEDUSA software database to construct Eh-pH and speciation diagrams under various 

leaching solutions condition. The diagrams show a theoretical basis for the possible mechanism 

for silver leaching that can also guide to optimize the citric acid and hydrogen peroxide leaching 

of silver. The leaching study is to evaluate the feasibility of the combination of citric acid and 

H2O2 as leaching agents to extract silver from CPCBs. 

This study is also believed as a window towards the development of electrodeposition 

process of silver from CPCBs waste using environmental friendly acid and H2O2.  

 

2. MATERIALS AND METHODOLOGY  

2.1 CONSTRUCTION OF EH-PH AND SPECIATION DIAGRAMS  
Eh-pH diagrams for Ag-C6H8O7-H2O2 system were developed using HYDRA-MEDUSA 

Software (Peter et al., 2014). Under different solution conditions in association with silver 

concentration, citric acid and hydrogen peroxide concentration, pH and Eh, the distribution in 

concentration (M) and species fraction (%) were determined from equilibrium constants from 

the HYDRA-MEDUSA software database.  

 

2.2 CHEMICAL PRE-TREATMENT OF PCBS  
The CPCBs used in the leaching experiment were obtained from a local recycling centre and 

University’s Information Technology (IT) Unit. For the experimental used, The CPCBs were 

dismantled to remove the main electronic components such as capacitors and resistors before 

cut into smaller pieces. All the electronic components attached to the CPCBs were manually 

disassembled. A 500g of CPCBs was reduced in size into smaller pieces using a plastic bender. 

The sizes varies with estimation around 2cm x 2cm a piece. 5g of cut CPCBs samples were 

weighed using analytical balance for samples preparation. The smaller pieces of CPCBs 

samples were then dipped in 7.0 M of Sodium Hydroxide for 24 hours and then rinsed with 

distilled water until the adhered sodium hydroxide was removed by observing the pH of distilled 

water (Jadhav et al., 2016). The pretreated samples were used for the leaching experiment. The 

CPCBs samples were then analyzed for silver content after NaOH pretreatment using atomic 

absorption spectrophotometry (AAS).  

 

2.3 DETERMINATION OF SILVER CONTENT OF CPCBS  
Leaching tests with nitric acid were conducted to determine the reference value for recovery of 

silver. 100 ml of nitric acid solution was prepared by diluting with distilled water with a ratio 

of 1:3 (25ml HNO3 + 75ml H2O). The solution was ensured to be at 25oC before immersing 

the CPCB into beakers and leave for 2 hours at static condition. 5 g of CPCBs sample was used 

for each series of leaching test. The CPCBs samples were then analyzed for silver content using 

AAS.  

 

2.4 LEACHING EXPERIMENT  
The leaching of silver was conducted by immersing the pieces of CPCBs (2cm x 2 cm) in 200ml 

beaker containing a mixture of 100ml citric acid and hydrogen peroxide solution. The beakers 

were labelled according to the concentration variation and maintained at 25oC using a hot plate 

for a duration of 4 hours. The samples were then taken at pre-determined time intervals. The 

concentration of silver in the leaching solution was determined using atomic absorption 
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spectrophotometer. The leaching parameters were optimized as explained in the following 

section.  

 

2.4.1 Effect of Citric acid concentration on silver leaching  
The effect of citric acid concentration on the silver leaching from CPCBs was carried out. 100 

ml citric acid solution was prepared in a various beaker with different concentration range from 

0.5 M to 2.0 M. Then, 20 ml of 5% H2O2 was mixed into each beaker. Then, the CPCB samples 

were immersed into the solution and maintained at 25oC using a hot plate at static condition. 

After intervals between 1-4h, 10ml of sample solution was collected. The samples were taken 

to AAS to analyze the amount of silver concentration.  

 

2.4.2 Effect of H2O2 concentration on silver leaching 

The effect of H2O2 on silver leaching from CPCBs pieces were carried out. 100 ml of citric 

acid solution was prepared at 0.5 M concentration in the beakers. Then, the various H2O2 

concentration from 1% to 7% were added. Then, the CPCBs samples were immersed into the 

solution and maintained at 25oC using a hot plate at static condition. After intervals between 

1-4h, 10ml of sample solution was collected. The samples were taken to AAS to analyze the 

amount of silver content in the solution.  

3. RESULTS AND DISCUSSION  

3.1 CPCBs CHARACTERIZATION WITH NITRIC ACID  

The effect of CPCBs pre-treatment with sodium hydroxide was studied before conducting the 

characterization step. After the 5.04g of CPCBs samples were dipped overnight with 7.0 M of 

sodium hydroxide, they were rinsed with distilled water and observed. From observations, the 

chemical coating on the CPCBs pieces were completely removed. Results from AAS showed 

that the amount of silver loss during the reaction was less than 1mg/l. Figure 1 shows the 

variation of silver concentration that has been leached for the not pre-treatment and pre-

treatment of CPCBs with 7.0 M of NaOH. As can be seen from the figure, both conditions 

showed an increase in the first hour of leaching with extracting 3.15mg/l and 3.625mg/l from 

CPCBs with no treatment and with treatment respectively. However, as the time increased only 

the pre-treated samples showed a gradual increases of silver concentration and after 3 hours it 

is successfully leached 5.945 mg/l of silver. Whereas the results for the other samples decreased 

over time and obtained a lower amount of silver concentration, 1.365 mg/l after 3 hours. The 

results showed that silver leaching with nitric acid after pretreatment have better efficiency than 

that of the result presented without pretreatment.  

 The CPCBs have a solder mask that used a material from epoxy. The epoxy covers the 

metal mounted on CPCBs and inhibit the leaching agent to penetrate through the solder mask 

for metal leaching (Jadhav et al., 2016). The previous study reported that the determination of 

silver leaching using aqua regia without pretreatment using sodium hydroxide leached about 

0.022 mg/g of silver (Jadhav et al., 2016). The uses of sodium hydroxide as pretreatment step 

followed by nitric acid leaching have shown a better efficiency than that of the result presented 

by aqua regia. The results showed that all the metals on the CPCBs have been removed from 

the boards. Figure 2 shows the diagram simulated from Hydra Medusa software. This figure 

presents that leaching of silver in nitric acid did not produce any insoluble compound at pH < 

10. The use of various temperature during metal leaching from CPCBs also did not any 

significant effect on the amount of silver leached (Peter et al., 2014). Hence, the reference 
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amount of silver was chosen at 5.945 mg/l which is 0.1189 mg/g, since it shows the maximum 

amount of silver leached from 5g of CPCBs. 

 

 
 

3.2 EFFECT OF CITRIC ACID CONCENTRATION ON SILVER LEACHING  

The initial amount of citrate ions concentration was controlled at 0.5M, 1.0M, 1,5M and 2.0M 

with the constant hydrogen peroxide initial percentage of 5%. The pH value was maintained at 

acidic condition and leaching time was 4 hours. The citric acid concentration dependency for 

leaching silver is shown in Figure 3. During the first 80 minutes, it can be seen that the amount 

of silver decreased with an increase of leaching time and then increased for the next time 

interval. However, after 160 minutes the concentration of silver dropped with time. The samples 

with initial citric acid concentration of 0.5M and 1.5M showed the lower amount of silver 

leached than the other citric acid concentration for 4 hours of leaching time. The samples with 

initial citric acid concentration of 1.5M showed the highest amount of silver at 160 minutes of 

leaching time. Comparing the highest amount of silver achieved in this parameter to the 

reference value, calculation of the percentage of silver leached is by using the formula below: 

 
From there it was calculated that at most, only 14% of silver has been successfully leached for 

this parameter. Although it is far from achieving a 100% silver leaching, the relationship 

presented that the amount of citric acid plays a role in increasing the concentration of silver 

leached. Hence, theoretically increases of citric acid concentration also increase the amount of 

metal hydrogen citrate. However, excess of citric acid concentration may cause by products that 

inhibits the leaching rate from increasing (Jadhav et al., 2016). 
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3.3 EFFECT OF HYDROGE PEROXIDE CONCENTRATION ON SILVER 

LEACHING  

In this stage, the influences of hydrogen peroxide, during the silver leaching experiment with 

citric acid as leaching agent was studied. The initial amount of hydrogen peroxide was 

controlled at 1%, 3%, 5% and 7% with the constant citric acid initial concentration of 0.5M. %. 

The pH value was maintained at acidic condition and leaching time was 4 hours. The 

experimental results are shown in Figure 4. As the leaching duration increased up to 80 minutes, 

the concentration of silver leached increased slightly for all hydrogen peroxide concentrations. 

With time increasing, it can be observed that the amount of silver leached also increased for 

hydrogen peroxide concentration of 1%, 5% and 7%. However, the silver concentration for 3% 

H2O2 dropped after the peak at 80 minutes. From the graph it can also be seen that increasing 

the leaching time has potential to further increase the amount of silver leached. Overall, the 5% 

H2O2 managed to obtain the most silver concentration with 0.1456 mg/l of silver successfully 

leached. From the figure, this amount of hydrogen peroxide is the most sufficient to act as an 

oxidizing agent in the solution. It is also complements the theory that further increase of H2O2 

would be insignificant to silver leaching (Birloaga et al. 2013). These results proves that silver 

leaching efficiency is also dependent on the concentration of H2O2 (Jadhav et al., 2016). 

Hydrogen peroxide is the oxidant in the leaching process and the low dosage of hydrogen 

peroxide will result in the fact and silver cannot be oxidized adequately hence a lower leaching 

rate. However, if the amount of H2O2 is more than a certain amount, not only silver is oxidized, 

but also citric acid. Therefore, the reduction of citric acid content in the leaching solution will 

lower the silver leaching rate. Thus, the oxidation potential of leaching solution can maintain 

the silver leaching rate with the suitable amount of dosage. 
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THERMODYNAMICS OF FORMATION OF AG/AG(I) REDOX COUPLE  

3.4.1 Effect of Eh and pH on the stability of silver species  

Based on Figure 5, the Eh-pH and speciation diagrams of Ag-C6H8O7-H2O2 system showed the 

Eh has effected the predominance areas and species distribution of silver species but not the pH. 

Under the system of 5e-5 M Ag, 0.5 M C6H8O7 and 0.001M H2O2, the Eh-pH diagram shows 

that the stability areas of aqueous silver (I) species are formed at pH< 10.5 with Eh of 0.501 V. 

Particularly, the stability area of silver precipitate such as AgO and Ag2O can be seen at pH > 

8 and pH > 10.5 respectively. Similar trends are shown for the conditions in Figure 6. Thus, a 

suitable pH range is necessary to prevent the precipitation of silver out from the solution. 

Besides, the equilibrium between Ag/Ag(I) is influenced by Eh. It can be seen that Ag(I) ion 

exist at Eh above 0.501 V. If Eh drops to just below 0.501 V, silver precipitate will form. At Eh 

of 0.6 V, the effect of pH on the speciation of silver species is presented in Figure 7. It is shown 

that when Eh is constant at 0.6 V the formation of silver precipitate can be avoided in the pH 

range of 10.8 – 13.1. The effect of Eh on the speciation of silver species at pH of 9.0 is shown 

in Figure 8. In this figure, the silver (I) ions can be formed within 0.501 V- 1.8V without the 

presence of silver precipitate. 
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3.4.2 Effect of reagent concentration on the stability of silver species  

The Hydra-Medusa software was used to evaluate the silver leaching trend. Figure 9 shows a 

diagram using Ag 5x10-5M- C6H8O7 0.5M- H2O2 0.001M. Meanwhile, Figure 10 shows a 

diagram using 2.0M of citrate ions. It can be seen that the compound formed were similar when 

silver is leached in the pH evaluated. These results show that increased the citrate ion did not 

change the rate of leaching significantly (Peter et al., 2016). Figure 11 shows the leaching 

behavior when the hydrogen peroxide is increased using Ag 5x10-5M- C8H7O7 0.5M- H2O2 1M. 

These result also show that increased the hydrogen peroxide did not change the rate of leaching 

significantly. 
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The effect of the concentration of citric acid and hydrogen peroxide on the stability of 

silver species were investigated based on the effect of Eh and pH diagram by the speciation 

diagram of silver species for Ag-C6H8H7-H2O2 system under 0M - 1M range of hydrogen 

peroxide as described in Figures 12 and 13. Under the condition of 1.5M citric acid, pH 5.00 

and Eh 0.5 V, it is shown in Figure 12 that the concentration of hydrogen has no significant 

effect on the oxidation of silver metal to silver (I) ions. It can be seen that as the concentration 

increased, the fraction of silver(I) has no changed. However, at this oxidation potential, the 

predominant species was silver metal. In Figure 13, under the same condition but with higher 

oxidation potential at Eh 2.00 V, the diagram shows that the predominant species is silver(I) 

ions. This suggest that the H2O2 can act as an oxidant in its reaction with this is accordance with 

the mechanism as per reaction below (Jadhav et al., 2016)  

 

Ag(s) + H2O2(aq) →Ag+ (aq)+ OH + OH- (3) 

Ag(s) + OH →Ag+ (aq)+ OH + OH- (4) 

 

The effect of citric acid concentration on silver leaching is possible as per suggested by 

Jadhav et al., 2016). Silver leaching by citric acid mechanism is proposed based on the 

reaction with organic acid where it can dissolve metals by producing protons and ligand by 

acidification and complexation (Jadhav et al., 2016).  

 

RCOOH + H2O ↔ RCOO- + H3O- (5) 

 

The formation of silver (I) ions is due to the reduction of proton that generates hydrogen 

(Jadhav et al., 2016). The complexation mechanism of organic acid can form stable metal 

complexes where the reaction can increase the metals stability in the solution (Jadhav et al., 

2016). However the silver ion complexes were not shown in the diagram. The leaching of silver 

metals was enhanced by the combination of citric acid and hydrogen peroxide. This mechanism 

was suggested by Jadhav et al., (2016) where the organic acid forms peroxy carboxylic acid in 

the presence of H2O2. Peroxy carboxylic and hydrogen peroxide can act as powerful oxidant 

for silver leaching (Jadhav et al., 2016). Another mechanism suggested that the combination of 

citric acid and hydrogen peroxide can form silver hydrogen citrate as per following reaction 

(Jadhav et al., 2016).  

 

C6H8O7 + Ag + H2O2 → Ag (C6H6O7) + 2H2O + Ag+ (6) 

 

However, based on the diagram simulated by HYDRA- MEDUSA, it is found that the increase 

in the hydrogen and citric acid concentration did not show a difference in the fraction of silver 

ions formed. 
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CONCLUSION  

Laboratory scale leaching experiments were conducted to investigate the leaching of silver from 

CPCBs. Different parameters such as citric acid concentration and hydrogen peroxide 

concentration were carried out. It was concluded that the characterization of CPCBs with nitric 

acid showed satisfactory result to silver metal analyzed. The leaching with nitric acid under 7.0 

M sodium hydroxide pretreatment extracted 5.945 mg/l from 5g of CPCBs. The results obtained 

on leaching of silver using citric acid and hydrogen peroxide show that the best result were 

obtained when using a leaching solution with 1.5M of citric acid,5% of hydrogen peroxide at 

40oC and at static condition at leaching time of less than 4 hours, reaching about 14% of silver 

leaching rate. The addition of hydrogen peroxide as oxidizing agent together with 0.5M of citric 

acid did not improved the leaching efficiency where the best percentage of hydrogen peroxide 

is at 5%. It has been discovered that increasing concentrations of citric acid and hydrogen 

peroxide enhances the leaching rate. In general, it can be concluded that the use of citric acid 

and hydrogen peroxide as oxidizing agent is feasible to leach silver from CPCBs but under the 

condition studied, show a low efficiency of silver leaching, hence requiring further 

investigations. 

 The thermodynamics of silver leaching in citric acid and hydrogen peroxide solutions 

were elucidated based on the development of Eh-pH and speciation diagrams under different 

conditions of pH, Eh and varying concentrations of citric acid and hydrogen peroxide. Based on 

the diagram simulated by HYDRA-MEDUSA software, it is suggested that the variation of 

citric acid and hydrogen peroxide concentration has no significant effect on the fraction of silver 

ion(I) formed. However, under the appropriate concentrations, the oxidation of Ag/Ag(I) could 

be formed at Eh of 0.501 V and at pH < 10.5. Thermodynamically, the dissolution of silver in 

citric acid added with hydrogen peroxide solution is feasible. A possible electrochemical 

mechanism for the reduction of silver complexes from citric acid and hydrogen peroxide 

solution could be proposed. The thermodynamic analysis in this study can also provide a 

theoretical basis for the optimization of the H2O2 – citrate leaching of silver. 
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ABSTRACT  
Background: Potential presence of pathogens, antibiotics as well as metals such as copper and 

chromium in chicken litter (CL) poses a disposal problem to poultry farmers. While 

thermochemical treatment can destroy pathogens and antibiotics the fate of copper and 

chromium in CL biochar is less understood.  

Aims: The aim of this work is therefore to investigate the influence of pyrolysis temperature 

and holding time on biochar yield and Cu and Cr content of CL biochar.  

Method: Sundried CL of < 5.4 mm was pyrolysed in covered silicate crucibles at 200 – 800°C 

for 30 to 120 min. Biochar was ashed and acid-digested to determine the Cu and Cr content by 

atomic absorption spectroscopy using the standard addition method.  

Results: Biochar yield decreased primarily between 200 and 600°C due to devolatilisation of 

organic matter. Holding times greater than 60 min had no noticeable effect on the yield, Cr and 

Cu content. The Cr content in chicken litter biochar increased linearly with pyrolysis 

temperature and was within the range observed for sewage sludge biochar. The Cu content was 

similar to sewage sludge and increased until 600°C and dropped off at higher temperature 

suggesting a loss due to devolatilisation. The copper concentration in CL biochar remained 

within the permissible maximum limits prescribed by EU directive 86/278/EEC for sewage 

sludge.  

Conclusions: Pyrolysis can be considered as a promising sustainable option in the management 

of CL.  

 

Keyword: Chicken litter; biochar; pyrolysis; chromium; copper.  

 

INTRODUCTION  
The poultry industry is one of the biggest and rapidly growing agro-based industries in the 

world (Bolan et al., 2010). The increasing demand for poultry meat is primarily due to its 

acceptance by most of the societies and it is relatively low cholesterol content (Bolan et al., 

2010). One of the main challenges faced by the poultry industry is the accumulation of chicken 

litter (CL) as a result of intensive production (Bolan et al., 2010) and the use of wood shavings 

and sawdust from the furniture industry contaminated with preservatives. These large-scale 

accumulation of CL not only pose a disposal but also pollution problem calling for a solution 

that is both environmentally and economically sustainable (Kelleher et al., 2002; Sharpley, 

Herron, & Daniel, 2007).  

 Chicken litter contains phosphorus, nitrogen and trace elements for crop production and 

can help to improve the physical and biological fertility of soil (Faridullah et al., 2008; Guo et 

al., 2012; Song & Guo, 2012). However presence of arsenic, copper, chromium and cadmium 

as well as opportunistic pathogens, antibiotics and release of unpleasant odours during storage 

and application results in a low acceptance by the farming community. A promising 

pretreatment was proposed by Singh et al. (2010) who pyrolysed the coarse fraction of chicken 

litter at 300 and 500°C to produce biochar, bio-oil and syngas. The authors observed that almost 

all of the Al, Ca, Fe, K, Mg, Na, and P remained in the char while the nitrogen relocated from 
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the char to the bio-oil fraction. Based on experience with sewage sludge pyrolysis it is safe to 

assume that pathogenic organisms are destroyed (Hossain et al., 2011) thus posing no health 

hazards to farmers and their produce. Addition of biochar to low fertility soil is not only 

expected to improve crop yield but also locks up carbon thus mitigating global warming 

(Mathews, 2008).  

Broiler farmers prefer to use wood shavings and sawdust from the furniture industry as 

bedding material because it not only absorbs moisture but also is abundantly available at low 

cost. However, this material may contain common wood preservatives copper, chromium and 

arsenic (Helsen et al., 1998; Lundholm et al., 2008) thus contaminating the CL. While complete 

combustion provides an oxidative environment in which refractory metal oxides are expected 

to form in the solid phase, volatilisation of heavy metals occurs under reducing conditions with 

increasing temperature (Lundholm et al., 2008). Based on results from the pyrolytic conversion 

of sewage sludge to biochar (Jin et al., 2016; Hossain et al., 2011) the concentration of metals 

present in the poultry litter biochar is also expected to increase with temperature. Increase in 

pyrolytic temperature and holding time is also expected to affect the biochar yield from chicken 

litter.  

The aim of this work is therefore to investigate the influence of pyrolysis temperature and 

holding on the biochar yield and chromium and copper content of CL biochar.  

 

METHODOLOGY  

RAW MATERIALS AND SAMPLE PREPARATION  
One day old CL was collected from INS FARM PLT, Hulu Langat, Selangor (Malaysia) and 

sundried until constant weight. Sundried CL was then sieved to collect the <5.4 mm fraction 

and kept in an air tight container at ambient temperatures until further use.  

 

BIOCHAR PRODUCTION  
Pyrolysis was carried by placing 8 g of sundried CL into 50 mL ceramic crucibles covered with 

a lid. Six crucibles with sample were then placed inside a muffle furnace (Carbolyte ELF 

11/1413) preheated to the desired temperature (200°C, 400°C, 600°C and 800°C). The samples 

were then pyrolysed at these temperatures for 30, 60 and 120 min. Each experiment was carried 

out in duplicate. After the designated holding time lapsed two crucibles were retrieved and put 

on a mineral, clean surface for 10 min before transfer into a desiccator. The sample were 

weighed and the biochar yield calculated as follows:  

 
where mbc is dry weight of biochar [g] and mCL the dry weight of chicken litter [g].  

 

PROXIMATE AND HIGHER HEATING VALUE ANALYSIS  
The proximate analysis of CL was carried out according to ASTM D1762-84. The HHV content 

of the CL was calculated using the formula HHV = 0.3536FC + 0.1559VM - 0.0078ASH 

(MJ/kg) (Parikh et al., 2005).  

 

METAL CONTENT ANALYSIS  

Each sample was crushed using pestle and mortar and sieved to collect the 250 - 350 μm particle 

fraction. The samples were then ashed and digested using Enders & Lehmann (2012) modified 

dry ashing procedure. The samples were analysed using the standard addition method to 

eliminate interfering matrix effects. The chromium stock solution was prepared by following 

the British Standard (1997). The metal analysis was conducted using an atomic absorption 
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spectrophotometer (AAS) (Perkin Elmer, Analyst 200). The linearity of the standard addition 

trendlines always exceeded R2 > 0.99.  

 

RESULTS  

PROXIMATE ANALYSIS  

The results of proximate analysis of CL are shown in Table 1. Moisture content of solar-dried 

CL stored in an air-tight container was 9.5 %. The volatile matter content was greatest (70.3 % 

d.b.) followed by fixed carbon (16.0 % d.b.) and ash content (13.7 % d.b.). The HHV, as 

predicted using Parikh et al. (2005) correlation, was found to be 16.3 MJ/kg. 
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BIOCHAR YIELD 

The yield of CL biochar produced at different pyrolysis temperatures and holding times are 

shown in Figures 1 and 2. Values from literature are also provided for comparison purpose. 

 

 
Figure 1 Effect of pyrolysis temperature on CL biochar yield. 

 

In general CL biochar yield decreased with pyrolysis temperature and holding time. The rate of 

weight loss was the most rapid between 200 and 600°C and 0 to 60 min, respectively. 

 

 
Figure 2 Effect of holding time on CL biochar yield at different temperatures. 

 

COPPER AND CHROMIUM CONTENT 

The concentrations of copper and chromium were greater in the biochar samples than original 

CL regardless of pyrolysis temperature and holding time (Figures 3 and 4). Concentration of 

chromium in the CL biochar was found to increase linearly with rising pyrolysis temperature. 

Copper concentration was greatest in CL biochar produced at 400°C and decreased 

subsequently.  
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Figure 3 Effect of pyrolysis temperature and holding time on Cr content in chicken litter 

biochar. For comparison Cr concentrations in biochar derived from sewage sludge are also 

shown. Concentration of copper in original and pyrolysed CL was consistently greater than 

chromium.  

 

 
Figure 4 Effect of pyrolysis temperature and holding time on Cu content in chicken litter 

biochar. For comparison Cu concentrations in biochar derived from sewage sludge are also 

shown. 

 

DISCUSSION 

Solar-drying was able to reduce the moisture content from 35 % to < 15 % within 5 days (Fig. 

S1, supplementary material) which makes the pyrolysis of CL energetically favourable (Antal 

& Grønli, 2003). The as-received moisture content was greater than the 23.7 % reported by 

Cantrell et al. (2012). Chicken litter produced at INS Farm received excrements from one flock 

compared to the 8-9 flocks old CL used by Cantrell et al. (2012). Other factors such as type and 

amount of bedding material also affect the moisture content. Cantrell et al. (2012) solar-dried 

separated swine solids in a greenhouse from 78.5 % to 12.8 % (Ro et al., 2010). Required drying 

time was not reported. Ong & Ooi (2002) designed a solar-assisted dehumidifier for flower 
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drying and managed to dry 3.8 kg of wet foliage from 79% to 34% within 4 day. For large-scale 

CL drying, solar-assisted drying units which can operate independently from weather, contain 

flies and capture odour should be designed and tested to ensure the process is economically 

viable. 

Volatile matter and fixed carbon content were within the range of 54.8 to 74.2 % (d.b.) 

and 4.7 to 17.6 % (d.b.), respectively, as reported in literature (Table 1). A high volatile matter 

content results in faster burning rates (Annamalai, n.d.), which suggests that solar-dried CL has 

potential to be used as an alternative fuel. Fixed carbon is calculated by weight difference and 

assumed to relate to carbon forms with a high thermal and thus environmental stability 

(Crombie et al., 2013b). However, the release of volatiles (e.g. P), alkali (e.g. K) and metals 

(e.g. As, Se, Hg) from the ash phase at high temperatures can lead to an inaccurate 

determination of fixed carbon which affects estimates of the stability of biochar (Crombie et 

al., 2013). Loss of non-carbon elements from the mineral phase of CL is not known and should 

be elucidated in order to determine the fixed carbon content accurately. 

 Ash content was the greatest of all the values reported (Table 1). Country of CL origin, 

number of flocks as well as proximate analysis method used varied without a noticeable specific 

trend suggesting that the wide range of values reported in literature is due to a farm-specific 

formula of bedding material and feeding system. In general, a high ash content decreases the 

flame temperature and heating value, and increases fouling of the boiler tube (Singh et al., 

2010). Fractionation of CL as proposed by Singh et al. (2010) or co-combustion with low-ash 

coal (Li et al., 2008) may minimise these effects. 

 The predicted HHV for CL in this study was similar to values reported by Cantrell et al. 

(2012) and Kantarli et al. (2016) suggesting that the correlation and proximate analysis are 

reasonably accurate. However, in order to experimentally verify the accuracy of the correlation 

the HHV should be determined according to ASTM D 2015-85. 

 When comparing the yield of biochar as a function of temperature a decrease in yield of 

biochar was found within the first 60 min and temperatures < 600°C. Only minor additional 

weight losses were observed at higher temperatures and residence times. This observation is in 

agreement with Sun et al. (2017) and Hossain et al. (2011). The main weight loss of biomass is 

typically observed between 250 and 400°C and attributed to the chemical dehydration and 

decarboxylation of hemicellulose, cellulose and proteins (Jie et al., 2008; Liu et al., 2014). In 

contrast, lignin undergoes decomposition over a wider temperature range producing 30-50% 

char and a noticeable amount of low molecular mass volatiles. The broad temperature range is 

due to the presence of various oxygen functionalities possessing different thermal stabilities 

(Várhegyi, Antal, Jakab, & Szabó, 1997). 

 The effect of holding time on the yield at CL biochar as reported in literature is 

summarized in, Figure 2. In contrast to the clear effect that pyrolysis temperature has on CL 

biochar yield, the yield of biochar varies greatly with different time at constant temperature is 

unclear and varies greatly. However based on Figure 3, it is shown that the holding time 

decreases the amount of biochar yield but only by a small margin. This suggests that the 

hemicellulose, cellulose and proteins have been completely carbonized within 60 min. 

Prolonged holding times at high temperatures (e.g. > 600°C) changes the surface and internal 

structure of the biochar without a noticeable effect on the biochar yield (Braadbaart & Poole, 

2008). 

 Song and Guo (2012) produced biochar for agricultural uses and proposed that the optimal 

pyrolysis temperature is at 300°C where loss of plant nutrients N, P, K, S, Ca and Mg is minimal 
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while biochar yield is high. However, the optimal pyrolysis temperature to promote carbon 

sequestration is at 500°C where the biochar yield are high with superior organic carbon stability 

(Song & Guo, 2012). 

 The concentration of Cr in CL ranged from 153 mg/kg (original CL) to 906 mg/kg 

(800°C, 60 min). A similar trend but lower values were reported by Taupe et al. (2016) who 

observed an increase in Cr content from 6.4 to 16.1 mg/kg. This suggests that the bedding 

material used in this study contained Cr as wood preservative. Chromium concentrations 

observed in this study agree with original and pyrolysed sewage sludge values as shown in 

Figure 3. The general increase in chromium content with pyrolysis temperature suggests that 

this metal does not volatilize to the same degree as Cu indicating that the chromium are retain 

within the biochar because of stronger bonds (Khanmohammadi et al., 2015). Copper 

concentration ranged from 337 mg/kg in original CL to 1345 mg/kg in CL pyrolysed at 400°C 

for 120 min. Copper concentrations of similar order of magnitude were reported by (Taupe et 

al., 2016). In contrast to Cr, the concentration of Cu in CL biochar declined at temperatures 

>400°C. A decrease of Cu content in sewage sludge biochar produced at 800°C was also 

reported by Chen et al. (2014). Zhao et al. (2017) pyrolysed apple tree brunches and reported a 

decrease in Cu content at 400°C. This suggest that Cu volatilizes to a greater degree than Cr at 

higher temperatures. Holding time had a comparatively minor effect on Cr and Cu concentration 

suggesting that losses were small and in the case of Cu occurred within the first 30 min of 

pyrolysis. The EU council directive 86/278/EEC prescribes Cu limits in sewage sludge ranging 

from 1000 to 1750 mg/kg. No values are stated for chromium. This suggests that original and 

pyrolysed CL can be applied onto agricultural land without harm to the environment and plants. 

In order to test the bioaccumulation of metals such as chromium and cupper Hossain et al. 

(2010) applied 10 t of sewage sludge biochar (550°C) per ha of soil. The accumulation of 

chromium in cherry tomatoes was below the detection limit while Cu concentration of 6.2 

mg/kg was similar to control (5.9 mg/kg) and below that maximum permitted concentration. 

However, Rombolà et al. (2015) conducted a seed germination test with corn stalk and chicken 

litter biochar on cress (Lepidium sativum L.). While pyrolysis temperature had no noticeable 

effect on seed germination, dosage of CL biochar had. However, washing or biodegradation 

removed polyclic aromatic hydrocarbons, volatile fatty acids and minerals and reversed the 

negative effects. 

 

CONCLUSION 

Solar drying could reduce the moisture content of CL to < 15 % as required by thermochemical 

treatment processes such as pyrolysis. Biochar yield decreased with pyrolysis temperature most 

prominently between 200 and 600°C. Conversion of organic matter to fixed carbon can be 

considered complete at 600°C within 60 min. Carbonisation of CL biomass increased the fixed 

carbon, ash, chromium and copper content as well as destroys pathogens. The copper 

concentration in CL biochar remained within the permissible maximum limits prescribed by 

EU directive 86/278/EEC for sewage sludge. Pyrolysis is therefore considered to be a promising 

sustainable option in the management of CL. 
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ABSTRACT 

Problem statement: During harvesting nutrients present in fresh fruit bunches are removed from 

the oil palm plantation and often disposed of at the palm oil mill. In addition, thermally treated 

deoiled spent bleaching earth is an industrial by-product from the palm oil refinery which is 

either used as supplement in cement production or for road construction. 

Aim: The aim of this study was to test the possibility to recover plant nutrients ammonia, 

phosphorus, potassium, copper, zinc, manganese, iron and biodegradable matter from 

anaerobically pretreated POME using thermally oxidised de-oiled spent bleaching earth (ePP). 

Method: Response surface methodology (RSM) and circumscribed central composite design 

(CCD) was used for designing the jar test experiment. A preliminary test to investigate colour 

and turbidity reduction of POME using bleaching earth was carried out to identify most 

promising factors and range to be used. Phosphate and ammonia concentrations were 

determined calorimetrically, while atomic absorption spectroscopy was used for detection of 

trace elements and potassium. Organic matter was measured with biochemical oxygen demand 

method. 

Results: At selected optimum mixing time and dosage, adsorbent ePP was able to partially 

recover NH3, Mn and Fe from anaerobic POME effluent while Cu was released. Dosage had a 

significant effect on all four nutrients (p < 0.1) while mixing time played a role for Cu (p = 

0.01) and Fe (p = 0.001). Interaction between dosage and mixing time was only observed for 

NH3 (p = 0.005). At a dosage and mixing time of 50 g/L and 120 min, NH3, Mn and Fe recovery 

were predicted to be 6.2 %, 37.6 % and 7.6 %, respectively. Future investigations should lower 

the mixing time parameter and include pH as a third factor. The effect of chemical activation 

of ePP on nutrient recovery should be investigated and compared with its precursors: original 

and deoiled spent bleaching earth (DSBE). Characterisation of original, deoiled and thermally 

treated bleaching earth is required to detect adsorption-relevant presence of cation exchange 

capacity as well surface area. 

 

Keywords: Bleaching earth, adsorption, anaerobic palm oil mill effluent, nutrient recovery, 

RSM. 
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INTRODUCTION  
The Malaysian palm oil industry is moving towards sustainable development and cleaner 

technology approach. At present the plantations rely primarily on inorganic fertilisers 

consisting of potassium, phosphorus and nitrogen, which are essential for plant growth. 

Dependency on mineral inorganic fertilisers is a drawback since they need to be imported, their 

production is not renewable (Teo et al., 2010) while highly water-soluble nutrients runoff that 

pollutes the nearby water stream (Timilsena et al., 2015). The usage of inorganic fertilisers is 

also reported to decrease the quality of fruits produced (Montagu & Goh, 1990). Organic 

fertilisers, on the other hand, are made from renewable animal or plant-based materials such as 

leaves and manures. Substitution to slow nutrient release organic fertiliser is essential which 

could not only reduce the reliance on imported fertilizers but also minimise excessive nutrient 

leaching into ground and surface waters.  

Oil palm waste such as empty fruit bunches (EFB), mesocarp fibre, palm kernel shell 

(PKS) and palm oil mill effluent (POME) contain valuable macro- and micronutrients 

(Hadiyanto et al., 2012) that should be returned to the plantation and partially substitute 

inorganic fertilizers (Awalludin et al., 2015). However, traditional treatment methods mainly 

focused on the treatment of POME to decrease its characteristics and lowering nutrients 

concentration using evaporation (Patel, 2015; Kandiah & Batumalai, 2013), co-anaerobic 

digestion (Selaman & Wid, 2016), integrated membrane system (Liew et al., 2015; Tabassum 

et al., 2015; Loh et al., 2013) and physiochemical treatment (Ahmad et al., 2015; Wu et al., 

2010), neglecting the recovery of nutrients for use as fertilizer in plantations. More recently, 

recycling of nutrients from oil palm waste through conversion into slow release organic 

fertilisers has attracted growing interest (Taylor et al., 2011; Tamil Selvam et al., 2015; 

Vairappan & Yen, 2016). (Takriff et al., 2016) proposed a combination of coagulation and 

adsorption with starch and PKS biochar to reduce suspended solids (SS), chemical oxygen 

demand (COD) and turbidity from anaerobic POME effluent. It was found that optimum dosage 

for rice starch was 2.5 g/L, with 30-45% reduction of COD, SS and turbidity. Adsorption using 

PKS char with optimum dosage of 25 g achieved 78.39% reduction of turbidity, 79.87 % 

reduction of COD and 70.55% reduction of SS.  

Recovery of AD POME nutrients by coagulation and adsorption could be done using 

clay. Clay is used as bleaching earth in palm oil refineries for degumming and decolourisation 

of crude palm oil (Abd Wafti et al., 2011). Each year the refining process generates 170 000 t 

of spent bleaching earth (SBE) in Malaysia alone (Loh et al., 2015) which is de-oiled and either 

send for disposal, used a component in organic fertilizer (Loh et al., 2013) or thermally oxidised 

for subsequent use in the cement industry. The use of clay has the advantage in not only 

potentially recovering nutrients but could also returning the material back to plantation as soil 

modifier loaded with nutrients. Abd Majid & Che Mat (2017) used different kinds of treated 

SBE to reduce the colour and BOD of POME and reported 90 % colour removal with a dosage 

of 250 g / L. However, recovery of macro- and minor nutrients such as dissolved organics, 

NH3, PO4, Cu, Zn, Mn, and Fe from anaerobic POME effluent using ePP has not been reported. 

The aim of this study is therefore to predict the effect of dosage of ePP and mixing time on the 

recovery of these nutrients using response surface methodology (RSM).  

 

METHODOLOGY  

SAMPLE COLLECTION  

Bleaching earth (BE) was obtained from Sime Darby Jomalina, Carey Island, Selangor, while 

thermally oxidised de-oiled spent bleaching earth (ePP) was provided by EcoOils Nilai, Negeri 

Sembilan (Malaysia). POME effluent from an anaerobic digester was collected at Sime Darby 

East Oil Mill, Klang, Selangor. POME was filled in plastics bottles with stoppers and caps. The 
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bottles were placed into an ice box to prevent possible organic matter degradation during 

transportation before transferring into freezer at MPOB.  

 

NUTRIENTS ANALYSIS 

Colour was determined with a HACH spectrophotometer (DR 6000) according to HACH 

ADMI weighted ordinate method 10048. pH adjustment of POME was done prior to 

experiments using 1M H2SO4 or 1M NaOH and a calibrated pH meter (Mettler Toledo, 

FiveEasy FE20). The concentration of NH3 was determined using HACH Salicylate Method 

8155. Phosphorus was measured following the molybdenum blue method and analysed using a 

UV-vis spectrophotometer (Loh et al., 2015). Samples for K, Cu, Zn, Mn and Fe analysis were 

centrifuged at 8000 rpm for 15 min (Hettich, Universal 32R), diluted and analysed using atomic 

absorption spectroscopy (Perkin Elmer, AAnalyst 400) by means of the calibration method. 

BOD was measured in accordance with HACH Dilution Method 8043. Preservation of POME 

prior to nutrient analysis was done using 1% nitric acid (EPA, 1983), except for ammonia, 

where its concentration was measured immediately. All other samples were analysed within 1 

week. 

 

PRELIMINARY EXPERIMENTS 

Aliquots of 250 mL of POME were filled into 500 mL glass beakers to determine the effect of 

dosage, pH and mixing time on colour reduction. The solution was stirred with a jar tester 

(VELP Scientifica, FP4) at 100 rpm. After 1 hr settling time, the colour of supernatant was 

analysed. Based on the findings, the two most important factors were then chosen for the RSM 

experiment. 

 

EXPERIMENTAL DESIGN AND DATA ANALYSIS 

The statistical design of experiment and data analysis were carried out using Design Expert 

Software (version 9.0.5) circumscribed central composite design (CCD). Table 1 illustrates the 

32 full factorial design for dosage and mixing time with further 4 experimental trials (run 

numbers 10-13) as replicates of the centre point. The original units for the independent factors 

dosage (g/L) and mixing time (min) were used. Mixing was done using 250 mL of POME filled 

in 500 mL glass beakers and stirred at 100 rpm using flocculator (VELP Scientifica, FP4). 

Negative control (NC) was included for runs having same mixing time. The solution was then 

left to settle for 1 hr followed by BOD analysis or centrifugation as described above. The results 

obtained were transferred into the RSM software to obtain the model for nutrients removal. The 

recovery of each nutrient was determined using the following equation: 

 
RESULTS 

PRELIMINARY EXPERIMENT 

In dosage trial, dosage of 12.5, 25 and 50 g/L were used to coagulate 250 ml of POME. The 

mixing time and pH were fixed at 2 hrs and pH 7. Colour removal was proportional with 

bleaching earth dosage (R2 > 0.99) (Figure 1a). In pH trial, colour decreased from 53% to 42% 

as pH increased from 3 to 7 (Figure 1b). Therefore, the pH chosen for future experiment is pH 

3. The mixing time trial revealed that most colour was removed within the first 120 min (Figure 

1c). 
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Figure 1 Effect of bleaching earth dosage (a), pH (b) and mixing time (c) on colour and SS 

removal from anaerobic POME digester effluent (n = 2). 

 

 From the preliminary trial, mixing time and dosage were selected as influential factors. 

The minimum value for dosage is 12.5 g/L while its maximum value is 50 g/L. The minimum 

value for mixing time is 0.5 hr while the maximum value is 2 hr. The parameter of pH was 

neglected since altering the pH of POME requires time and chemicals that incur additional 

treatment cost while introducing potentially undesirable salts.  

 

STATISTICAL ANALYSIS 

Relationship between mixing time, dosage and eight important responses (ammonia, 

phosphorus, copper, zinc, manganese, iron, potassium and BOD) during coagulation was 

analysed using RSM. CCD shown in Table 1 enable the formation of mathematical equations 

where predicted results (y) were accessed as a function of ePP dosage (A) and mixing time (B), 

and calculated as the sum of a constant, two first order effects (termed A and B), one interaction 

effect (AB) and two second order effects (A2 and B2). 

 The results obtained were analysed using ANOVA to access the “goodness of fit”. 

Equations from the first ANOVA analysis were modified by eliminating the terms found 

statistically insignificant.  
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Table 1 CCD for the study of effect of ePP dosage and mixing time on NH3, P, Cu, Zn, Mn, 

Fe, K and BOD3 recovery from POME effluent. 

 
 

DISCUSSION 

In dosage trial, the observed linear increase in colour recovery with BE dosage might be due to 

the increase in available sorption sites. At a dosage of 50 g/L the colour recovery of 37 % was 

similar to values (40.1%) reported by Abd Majid & Che Mat (2017). Using the equation 

provided in Figure 1a, a dosage of 128 g/L would be required to fully recover the colour-

promoting compounds from anaerobic POME. The pH trials revealed that the recovery 

decreased with increasing pH. An increase in pH causes deprotonation of the edges of the clay 

mineral (Tombácz & Szekeres 2004). The newly formed negative surface attracts cations but 

repels similarly charged molecules suggesting the colour-inducing substances are negatively 

charged. Abd Majid & Che Mat, (2017) also found a decrease in colour removal with increasing 

pH. Mixing time does not affect the colour recovery as strongly as pH and dosage suggesting 

that the process is already in equilibrium. It is suggested to use shorter mixing times in order to 

observe noticeable effects. In terms of suspended solids recovery, dosage and mixing time had 

no apparent effect. According to Ahmad et al., (2005), all types of bentonite clay do not give 

complete clarification by altering the mixing time due to the fact that while the pollutants are 

adsorbed on the surface and removed from the suspension, the adsorbent itself forms a colloidal 

suspension and causes colour and turbidity or suspended particle towards the solution. 

 Table 2 summarises the RSM results of the experiment. Recovery of Cu, Mn, NH3 and 

Fe was significant at p < 0.1 level. The R2 values of the models are also more than 0.5, which 

indicates 50 % of the observations can be attributed to dosage and mixing time. At optimum 

mixing time and dosage of 2 hrs and 50 g/L, it was predicted that NH3, Mn and Fe had a 

recovery of 6.2%, 37.6% and 7.6%, respectively. Negative recovery of Cu (-25.3%) suggested 

that the nutrient was initially captured by ePP but later was released back into POME. The 

release of Cu might be due to absence of functional groups in ePP that could effectively act as 

binding sites for Cu to attach. It is suggested that the low to negative nutrient recovery is due 

to the absence of chemical bonds and functional groups in ePP (Figure 3) that reduces the clay’s 

interaction towards the nutrients. 
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Figure 2 Surface plot of NH3 %Removal (a), Cu %Removal (b), Mn %Removal (c) and Fe 

%Removal (d). 
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Phosphorus, Zn, K and BOD3, however, could not form a model. This might due to unsuitable 

variable selection of mixing time and dosage. In order to know whether the variables chosen 

are suitable, a confirmation run with replicates should be conducted. If the results still do not 

form a model for these parameters, then the range or parameters need to be revised. It is also 

suggested to further reduce the mixing time so that reduction of nutrients could be captured as 

early as at the beginning of the experiment. 

 Potassium did not generate a model. This might due to low adsorption capability of ePP 

for potassium. It is reported that potassium adsorption onto clay was 50% lower than other 

nutrients such as nitrogen and phosphorus, while the loss of K in soil was 1.1- and 14.5- fold 

that of N and P (Li et al., 2014). 

 RSM could not create a model for BOD3 suggesting that the organic matter in POME 

such as volatile fatty acids and humic acids could not interact with ePP. Besides, 3 days of 

incubation was sufficient to remove the biodegradable organic matter, but not the recalcitrant 

one. Humic acid is one of the examples of recalcitrant organic matter which contributes to BOD 

reading (Zouboulis et al., 2004). In future, it is suggested that the measurement of BOD is 

replaced with colour. Humic acid-like substance which is also a form of organic matter gives 

colour to POME. The reduction of colour could be reflected as the capture of organic matter by 

ePP. 

 

CONCLUSIONS 

Selected nutrients could be recovered from anaerobically digested POME using ePP. NH3, Cu, 

Mn and Fe recoveries were significant, while at optimum dosage and mixing time, NH3, Mn 

and Fe recoveries were predicted to be 6.2%, 37.6% and 7.6%. Nutrients recovery of POME by 

ePP provides new perspective to palm oil mills to view POME as a valuable resource instead 

of a wastewater that requires treatment to meet legislative requirements. In order to enhance the 

performance of ePP, chemical activation should be considered. Other potential coagulants such 

as DSBE should also be investigated using circumscribed CCD. Further studies are in progress 

to produce a pallet from the POME mixed ePP to be used as slow release fertilisers. 
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ABSTRACT 

This study was focusing on production of new biolubricant from fatty acid methyl ester using 

propylene glycol (PG) as substrate base. The production of propylene glycol diester (PGD) has 

been investigated through determination of conversion. PG has been chosen as substrate base 

due to its edibility with less toxicity. Several parameters have been studied including reaction 

temperature (140 oC – 180 oC), catalyst loading (0.1 wt% - 0.5 wt%), molar ratio of PG: FAME 

(1:2 – 1:6) and reaction time (2 hr – 8 hr). The conversion of PG to PGD was studied in order 

to determine the most optimum parameter during the reaction. Toxicity analysis by using brine 

shrimp was conducted to analyze the toxicity effect of the PGD. The optimum condition for 

production of biolubricant study with the highest PGD conversion (99.2 %) was found at 

temperature 160 oC with molar ratio PG:FAME= 1:6 using 0.5 wt% for 8 hours of reaction 

time. The minimum level of toxicity for PGD was successfully surpass the petroleum-based 

lubricant. The study is economically feasible and it is proven to be favourable. Hence, 

production of PGD by using PG as substrate base is highly potential in producing a new 

alternative of edible biolubricant that effectively applicable for the outshine future. 
 

Keyword: Esterification, Fatty acid methyl ester, Propylene glycol, Propylene glycol diester, 

Toxicity. 

 

INTRODUCTION 

Food hygiene is of paramount factor to be considered in food industry. The food processing 

plant should be hygienically designed in order to prevent food contamination. It encompasses 

the use of grease or lubricant for mechanical parts in food processing equipment. One of the 

vital focuses on the hygienic design of food processing equipment is the selection of lubricant 

for mechanical moving parts. Basically, lubricant used for mechanical parts for food processing 

equipment is of petroleum-based which contain non-hazardous toxic and non-biodegradable 

materials (Shahabuddin et al, 2013). Any leakage and inadvertent spillage of lubricant during 

food processing, breakdown, maintenance and servicing, dismantling and repairing would give 

high risk which result in foodborne threats (Moerman, 2017). As an early precaution on this 

problem, consideration on safe and hygiene food processing equipment should be designed. By 

applying edible biolubricant, the chemical contamination is not a worrisome issue anymore 

since it could be kindly controlled. 

Vegetable oils as feedstock for lubricant products is no longer scarce due to its low eco-

toxicity (Chang et al., 2012). Vegetable oil has the potential to replace the mineral base oil in 

the lubrication oil production. Vegetable oil such as palm oil, coconut oil, avocado, canola 

(rapeseed), corn, olive, peanut, safflower, sesame and soybean oil contain more than 95 % 

triglyceride (McNutt & He, 2015). High oleic or palmitoleic acid content is preferred as it might 

lower the melting point. Chemical modification of vegetable oils by reaction is a promising way 
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to gain valuable commercial products from renewable raw materials (Salimon et al., 2010). The 

processes include expoxidation, estolides formation, and esterification/ transesterification of 

vegetables oils with polyols have improved the oxidative stability of plant oil based lubricants 

with optimal characteristics for extreme applications (Salimon et al., 2010). Therefore, through 

appropriate chemical processes, high quality of biolubricants could be a feasible alternative 

replacement for petroleum- based mineral lubricants for various applications.  

In common route of biolubricant production, basically trimethylol propane (TMP) is 

one of the popular substrate base that has been used widely (da Silva et al., 2015, Heikal et al., 

2016, Sripada et al., 2013). The used of TMP was proven effectively produced high value 

biolubricant that applicable in many sectors. However, the used of TMP is not suitable for 

production of edible-based biolubricant. TMP in food sector perspective is highly toxic and 

would cause severe effect if contacted with food during processing and machinery maintenance. 

For that concern, biolubricant should be produced in highly edible way in which TMP should 

be wisely replaced with more edible source. For this reason, in this proposed study, propylene 

glycol will be used as substrate base for edible-based biolubricant production 

Propylene glycol (PG) would be one of the best replacement substrate that can be 

selected. The molecular structure of PG could have provided hydroxyl group needed to attach 

methyl esters formed as propylene glycol diester (PGD). The unreacted hydroxyl group in the 

biolubricant will not contaminated the environment if discarded because it is highly degradable 

unlike TMP. PG presents special interest with regards to its edibility and hygienic properties 

which beneficial to be applied in food and pharmaceutical industry (Bolado et al., 2010, 

Jiménez-Morales et al., 2012). For that approach, PG fits with edible production line of 

biolubricant. PG is potentially replacing TMP since the structure could possibly create new kind 

of diester. The study of biolubricant production using PG as reactant is still new and no previous 

work has reported before. Therefore, the novel synthesis of edible PGD from esterification 

reaction of methyl ester with PG is yet to be established in this present study. 

Therefore, PG could be better most suitable replacement for substrate base due to its 

edibility and friendly environmental. No study has been reported in the literature for the 

esterification of fatty acid methyl ester with PG in biolubricant production. However, a number 

of studies related to the esterification reactions of fatty acid methyl ester with some other 

alcohols have been reported. Therefore, a study of biolubricant production using PG as substrate 

base is yet to be elucidated. 
 

METHODOLOGY 

Preparation of Palm Oil Fatty Acid Methyl Ester (FAME) 

As a preliminary, fatty acid methyl ester (FAME) has been synthesized from palm oil using 

sodium methoxide as catalyst. Pre-measured palm oil, methanol and sodium methoxide was 

reacted under stirring and heating at 65 oC in a single necked round bottom flask connected to 

condenser and immersed in an oil bath for about 5 hr. Then, the reaction mixture was allowed 

for access methanol removal in rotary evaporator. After all methanol has been removed, the 

mixture consists of fatty acid methyl ester, glycerol and catalyst were separated into 3 clear 

layers under 400 rpm centrifugation. The top layer is the fatty acid methyl ester (FAME) needed 

for further processing. By using warm distilled water, the FAME has undergone washing 

process to remove sodium methoxide. The washing process was repeated 2-3 times.  

 

Preparation of Propylene Glycol Diester (PGD) 

The synthesis of PGD was conducted similarly with experimental setup for FAME preparation. 

In a typical run, pre-measured synthesized FAME was mixed with PG and calcium oxide (CaO) 

as catalyst under stirring with pre-determined reaction parameters. By applying the method one-

factor at a time, several reaction parameters were studied. The present study started with the 
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investigation of the effect of reaction temperature (140, 160 and 190 °C), catalyst loading (0.1, 

0.3 and 0.5 wt%), PG:FAME molar ratio (1:2, 1:4, and 1:6) and reaction time (2, 4, 6 and 8 

hours). After the reaction complete, the reaction mixture was analyzed using GC. The pre-

measured of sample was taken and diluted in n-hexane for 50 dilution factor (DF).  

 

Toxicity Analysis  
Toxicity analysis was conducted by monitoring the biological response of specific terrestrial 

aquatic microorganisms to PGD that acted as contaminant. This analysis was conducted by 

varying the dilution of sample from 10 % to 40 % and 50 % dilution as stock sample. After the 

sample was prepared, the shrimp was inserted into each 20 ml of sample with different dilution. 

The time taken for shrimp to survive in the sample was recorded by observation. 

 

RESULTS AND DISCUSSION 

Effect of Reaction Temperature  
The study on the effect of reaction temperature was conducted by varying the operating 

temperature from 140 °C to 180 °C. The amount of calcium oxide as catalyst was kept at 0.3 

wt % and the molar ratio PG: FAME is 1:4. The sample were collected for analysis after 8 hours 

of reaction. Figure 1 shows that the conversion of PGD is slightly increase when the 

temperature elevated from 140 °C to 160 °C while decrease when achieves 180 °C. The highest 

conversion of PGD achieved when esterification was operated at 160 oC (94.3 %). This result 

was suggested that 160 oC is the optimum temperature for activating calcium oxide as catalyst 

in enhancing the reaction between PG and FAME. These results were somehow better from 

previous work where the reaction was operated at temperature 180-190 °C with triester yield 

achieved above 60 % using calcium methoxide as catalyst (Chang et al.,2012). Furthermore, 

higher temperature favours saponification to take place which reduces the activity of catalyst 

as well as the conversion of PGD.  

 

 
Figure 1. PGD conversion at different reaction temperature. 

 

The conversion of PGD depleted at 180 °C after 8 hours of reaction due to the reverse 

reaction happened in this reaction. Overheated operation will become one of the causalities to 

calcium oxide that leached during the reaction as the structure collapse cause by the action of 

extreme temperature. Sulaiman and the co-workers have also found the same situation when 

the highest yield of triester was achieved at temperature 120 oC before it dropped at temperature 
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130 oC due to tendency of FAME to vaporize and easier to be pulled away via vacuum pressure 

(Sulaiman et al., 2007). 

 

Effect of Catalyst Loading 
At this stage, 160 °C was fixed as this temperature was considered as optimal for enhancing the 

production of PGD. The amount of catalyst loading was then varied from 0.1 wt%, 0.3 wt% 

and 0.5 wt%. Calcium oxide is heterogeneous and usually tend to be very beneficial with high 

conversion. Figure 2 illustrated that 0.1 wt% of catalyst is insufficient to initiate the reaction 

of FAME and PG, thus the PGD conversion was resulted a slight low which is less than 90 % 

compared to others. Meanwhile, the PGD conversion for catalyst amount of 0.3 wt% and 0.5 

wt% has resulted a slightly higher conversion which are 94.4 % and 98.5 % respectively. It can 

be observed that, the reaction was significantly enhanced with large amount of active material 

which is calcium oxide. However, the present study has shown a somewhat different findings 

compared to previous studies. Zhang et al. (2003) and Schuchardt et al. (1998) reported that the 

higher amount of catalyst can increase the solid content in the product and physically change 

into cloudier colour. This also may reduce the yield of biolubricant produced from this reaction. 

Another finding by Sulaiman et al. (2007), 0.9 wt% amount of catalyst was considered as the 

optimum amount even 1 wt% showed the highest yield. This is to prevent the existence of high 

amount of solid content which can reduce the yield. Thus, 0.5 wt% amount of catalyst was 

selected as an optimum condition rather than other values for the next stage. 

 

 
Figure 2. PGD conversion at different catalyst loading. 

 

Effect of PG:FAME Molar Ratio  
The molar ratio of PG:FAME was varied between 1:2, 1:4 and 1:6. Other parameters were kept 

constant at 160°C temperature and 0.5 wt% amount of catalyst loading for 8 hours of reaction 

time. The effect of PG:FAME molar ratio is shown in Figure 3. At molar ratio 1:2, 72.6 % 

PGD conversion was obtained after reaction was being executed for 8 hours. However, when 

the ratio was increased to 1:4, the PGD conversion was slightly increase to above 90 %. 

Meanwhile at ratio 1:6, the PGD conversion achieved more than 98 %. It can be observed that 

the greater amount of excess reactant in the reaction which is FAME drive the reaction to the 

completion. On the other hand, the less amount of excess reactant inhibits the completion of 

reaction with present of unreacted methyl ester after the reaction. The results are somewhat 

identical with work done by Chang et al, (2012) in which the highest yield of biolubricant 
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synthesis form FAME and TMP was 98 % at molar ratio 1:6. Therefore in this study, molar 

ratio 1:6 can be considered as the optimized molar ratio PG:FAME within the studied 

parameters. 

 
Figure 3. PGD conversion at different PG:FAME molar ratio. 

 

Effect of Reaction Time 
The effect of reaction time PGD conversion was studied by varying to 2, 4, 6 and 8 hours. The 

experiment was performed at fixed conditions of temperature 160 °C, PG:FAME molar ratio 

1:6, and 0.5 wt% amount of catalyst loading. Every 2 hours the sample was collected in order 

to analyze the PGD conversion. From Figure 4, the PGD conversion shows a gradual increase 

towards time. As early as 2 hours, the PGD conversion has achieved 22.1 % and keep on 

increasing up to 99.2 % at 8 hr. 

 

 
Figure 4. PGD conversion at different reaction time. 

The reaction between PG and FAME was continuously occurred when sufficient 

reaction time is provided. The PG will not completely esterified if the time is too short. Reaction 

time must sufficiently provide in order to since the reaction pathway was included 2 stages 

conversion of PG which are production of monoester and diester. Chang et al. (2012) also 

reported similar finding in which almost 98 % of triesters were successfully synthesized from 
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TMP at 8 hours of reaction time. Therefore, for this present study, reaction was completed when 

achieved 8 hours. 

 

Toxicity Analysis  
Table 1 shows the toxicity analysis for PGD at different dilution percentage. At the lowest 

dilution, the time for shrimp to survive was up to 2 hours compared to other dilutions. By 

comparing to petroleum-based lubricant, the shrimp died right after being put in to the lubricant. 

This proved that at low dilution percentage, PGD is significantly less toxicity than petroleum 

based lubricant. The shrimp can survive up to 2 hours in PGD. As the catalyst used in making 

FAME and PGD was made up from chemical substances, leaching effect might be the relevant 

reason the shrimp’s surviving time is not exceeding 2 hr. since there is no previous works 

reported on toxicity analysis, this present research can be a good benchmark for upcoming 

works in improving the quality of biolubricant for environment conservation purposes. 

 

Table 4.2: Toxicity analysis on PGD. 

Percentage of dilution Survived time (hr) 

10 2 

20 <1 

30 <1 

40 <1 

 

CONCLUSION 

A brand new biolubricant with minimum toxic effect was successfully synthesized from PG as 

substrate base. The esterification of FAME with PG was successfully produced PGD at the 

highest conversion of 99.2 %. This optimum conditions were also determined at 160 °C reaction 

temperature, PG:FAME ratio of 1:6, 0.5 wt% catalyst loading within 8 hours of reaction. 

Therefore, the study on the production of PGD can be a good benchmark in developing new 

research on eco-friendly biolubricant.  
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ABSTRACT  

Coagulation-flocculation treatment is an important water treatment process. Applications of 

natural coagulants for drinking water treatment have gained increasing attention over the past 

five decades especially from seeds of Moringa oleifera (MO). Many publications provide 

information on effect of dosage, pH and turbidity on coagulation efficacy, while others 

investigate methods for isolation, purification, identification and physico-chemical properties 

of these coagulants. While numerous researchers have reported the isolation and purification of 

MO as coagulant using a variety of experimental conditions, there is no systematic work 

reported on the optimum conditions required for protein extraction. The basic aim of this article 

is therefore to present a systematic overview on MO protein extraction protocol.  

 

Keyword: Coagulation, Moringa oleifera, Natural coagulant, Protein-based coagulant, 

sustainable.  

 

1. INTRODUCTION  

Natural polyelectrolytes (cationic, anionic and amphoteric polymers) and non-ionic polymers 

of plant origin have been used for many centuries in developing countries for clarifying turbid 

water (Schulz & Okun 1984). For home water treatment, the materials are used in the form of 

powder or paste, contain 90% of which consists of substances other than the bio-coagulant. In 

Egypt, Sudan and India, for example, traditional processes of water purification used seeds of 

MO and clearing nut (Strychnos potatorum) (Jahn & Dirar, 1979; Gassenschmidt et al., 1995).  

Many types of natural coagulants have been studied such as MO and others seed or protein 

source. Beans (Phaseolus vulgaris) were reported as promising source for natural coagulants 

which can be purified the same method as MO (Gunaratna et al., 2007), and shows optimum 

dosage of 1mg/ml purified protein toward coagulation activity (Antov, Šćiban, & Petrović, 

2010).  

 Different natural coagulant has been reported throughout years have shown it Figure 1 

which also shows some coagulation properties such as cactus (Opuntia spp., Hylocereus 

costaricensis) and starch (maize, rice, potato).  
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Figure 1: Different types of plants investigated for natural coagulant activity with M. oleifera 

attracting the greatest interest.  

 

One of the most well-known and investigated coagulants is a cationic protein from the seeds of 

the Moringa oleifera (MO) tree (Figure 2). The utilisation of MO and other natural coagulants 

in drinking water treatment is of growing interest due to its ability to contribute towards 

sustainable development.  

 Moringa oleifera Lam is the most broadly developed assortment of the family Moringa. 

It is also known as the 'steed radish' tree emerging from the essence of a topping arranged from 

the roots, or 'drumstick' tree, emerging from the state of the pods. The tree itself is somewhat 

slim with hanging branches that develops to around 10 m in stature. Nonetheless, it ordinarily 

is curtailed every year to one meter or less, and permitted to regrow, so pods and leaves stay 

inside reach. Moringaceae is a solitary variety family with 13 known species. Of these, MO 

Lam is the most well-known and used specie (Olson, 2017). A native of the sub-Himalayan 

areas of north-west India, MO is currently cultivated in numerous tropical countries in Africa, 

Arabia, South East Asia, the Pacific and Caribbean Islands as well as South America (Olson, 

2017). The seed kernel has nutritional value such as vitamins, Ca and soluble proteins with 

nutritional as food, medicinal, cosmetic and reported as coagulant in water treatment. MO has 

low levels of trypsin inhibitors, tannins, saponins, and lectins (Olson, 2017).  

 Although many researchers reported the efficiency of the various natural coagulant 

(Figure 1), the best coagulation activity appears to be by MO seed (Gunaratna, Garcia, 

Andersson, & Dalhammar, 2007). This fact shows that extraction and purification of the 

cationic protein from MO seeds is of great scientific and industrial interest.  
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Figure 2: Exponential scientific paper publishes on M. oleifera from 1979 to 2017 

 

Moringa oleifera has been traditionally used for water treatment in Africa and India due to 

limited source of technology. Historically the fresh seed was used for water clarification without 

pretreatment. But due to biodegradable organics released from the seed matrix into treated 

water, methods have been developed to selectively extract the proteins from the seeds. There 

are many parameters that potentially affect the quantity and quality of the extracted protein such 

as the use of shelled or non-deshelled seeds, the maturity of the seeds, solvent type (Tsaknis et 

al., 1999) and the use of different types and concentration of salt (Okuda et al., 2001). This 

mini-review therefore aims to scrutinize the existing literature with respect to oil and protein 

extraction methods to establish whether these processes tend to have a beneficial or detrimental 

effect on protein yield and ultimately coagulation activity. 

 

2. PROTEIN EXTRACTION AND PURIFICATION 

Protein extraction from plants for the purpose of natural coagulant production can be classified 

into 3 stages. Firstly, extraction of oil from seeds followed by protein extraction using pure or 

salty water as solvent. The second stage is purification of active component including 

purification of protein, and the tertiary stage aims to identify and characterise the protein in 

terms of molecular weight, amino acid sequence, isoelectric point, zeta potential and 

coagulation activity (Figure 3). Various pre-treatments have been reported for MO seed such 

as seed deshelling, grinding and sieving, as well as defatting.  
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Figure 3: The process diagram of M. oleifera seed kernel for protein purification and 

identification 

 

2.1 EFFECT OF OIL EXTRACTION PROCESS ON COAGULANT RECOVERY AND 

ACTIVITY  
The majority of researchers use the original seed kernel for crude protein extraction (Madrona 

et al., 2012)(Beltrán‐Heredia & Sánchez‐Martín, 2009) while others subject the seeds to a 

defatting process (Figure 4). One of the advantages of the defatting process is that it helps to 

minimise contamination of treated water with natural organic matter (NOM). NOM will cause 

odour, colour and taste problem due to bacterial growth that deteriorate the drinking water 

quality. Defatting not only reduces the NOM problem but also helps to generate extra income 

from seed oil.  

Various methods such as mechanical (Tsaknis et al., 1999), supercritical (Da Porto, 

Decorti, & Natolino, 2016; Ruttarattanamongkol et al., 2014), and biological (Abdulkarim, 

Long, Lai, Muhammad, & Ghazali, 2005; Nguyen et al., 2011) are used for the defatting 

process. However, the most commonly used process so far is solvent extraction (Suleyman 

Aremu Muyibi, Mohd. Noor, Leong, & Loon, 2002; Ndabigengesere et al., 1995; 

Ghebremichael et a., 2005; Mani et al., 2007; Arnoldsson et al., 2008; Okuda et al., 2001). 

Solvents used for Moringa oil extraction comprise of hexane (Muyibi et al., 2002; 

Ndabigengesere et al., 1995; Mani et al., 2007; Arnoldsson et al., 2008), ethanol 

(Ghebremichael et al., 2005), methanol (Ndabigengesere et al., 1995), petroleum ether 

(Ndabigengesere et al., 1995; Mani et al., 2007), acetone (Ndabigengesere et al., 1995) Mani et 

al., 2007) or methanol /chloroform mixture (Ndabigengesere et al., 1995).  

 With regards to the effect of the oil extraction process on coagulant protein and its 

efficiency, only a few authors specifically investigated the effect of specific methods or solvents 

for extraction. Muyibi et al. (2002) and Ali et al. (2010) recommended the use of Soxhlet 

method and hexane as solvent because this combination does not reduce coagulant efficiency 

and allows for an efficient oil extraction. Ghebremichael et al. (2005) defatted MO seeds with 

95% ethanol and did not observe a detrimental effect on the coagulation activity. When 

comparing the ethanol and hexane in solvent extraction, Garcia Fayos (2010 reported that 

coagulation activity of ethanol extraction had similar coagulation activity to PAC, while the 
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defatted seed exhibited a 30% enhanced coagulation efficiency compare to non-defatted MO 

seeds. The authors recommend using ethanol, because this solvent is renewable and low-cost 

solvent. 

Arnoldsson et al. (2008) investigated the effect of pre-treatment on turbidity removal 

efficiencies and obtained best results when MO was extracted using tap water compared to 

distilled water and oil extraction. However, it is not known whether co-extraction of non-

proteineous substances with coagulation activity or detrimental effects of the defatting process 

on protein concentration and configuration was responsible for the enhanced turbidity removal 

efficiency. In another study conducted by Camacho et al. (2017) it was reported that oil 

extraction did not affect the coagulation activity. The authors recommended the use of defatted 

seeds for economic reasons because the oil can be used in valuable cosmetic and medicinal 

products. 

From the literature review it is clear that further studies are needed to analyse the effect 

of extraction method and solvent type on protein yield, configuration and coagulation activity.  

 

Figure 4: Proportion of publications using raw and defatted Mo seeds for coagulant extraction 

and activity testing. 

 

2.2 PROTEIN EXTRACTION WITH AQUEOUS SOLVENTS 

The MO seed protein were extracted using different aqueous solvents as illustrated in Figure 5. 

Distilled water was the most frequently used solvent (Muyibi & Okuofu, 1995; Muyibi & 

Evison, 1995; Katayon et al., 2004; Ghebremichael et al., 2005) followed by tap water, ionic 

solutions and lastly deionised water. 

Table 1 shows the turbidity reduction percentage in both high and low initial turbidity. 

MO with salt extract shows better reduction. Comparing salt and water extracts, it can be 

conclude that ionic solutions generally increase coagulation activity than water extract 

(Ghebremichael et al., 2005;(Okuda, Baes, Nishijima, & Okada, 1999),(Montakhab et al., 

2010).  
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This could be explained by the opposite charge reaction among protein. Diluting the salt 

to lower concentration will result in recovery of the native protein (Gunaratna et al., 2007) .The 

salting-in mechanism could explain the improvement of turbidity removal by NaCl which 

increase the protein-protein dissociation, hence higher the solubility of protein as salt ionic 

strength increase. Coagulation activity increase with salt concentration increase up to 1M but 

decrease when the salt concentration increase beyond that. At 3.0 M of salt concentration, the 

coagulation reduce due to salting-out effect.(Okuda et al., 1999). 

Okuda et al. (1999, 2001) use a dialysis step for removing the salt ion from the extraction 

step before purifying the MO protein. This could explain best on salt ion leftover that helping 

the coagulation. Moreover, Okuda et al. (1999) tested the 1M NaCl solution for coagulation to 

test the salt coagulation activity, thus proved that NaCl did not improve the coagulation but the 

coagulant protein extraction. 

Even though higher concentration of protein were obtained with salt extracts, the 

amount of protein that attached to ion-exchange matrix when protein purification are equally 

same and showed same coagulation activity and physico-chemical properties for protein in salt 

and water extract (Ghebremichael et al., 2005). This suggests that salt or water extract did not 

have a major effect on crude protein compare to the pure protein with high coagulation 

properties during purification step. 

 
Figure 5: The different solvent use for Mo protein extraction 
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3. CONCLUSION  
The coagulation activity performance affected by the extraction solvent during defatted. 

Defatted step is a good step for NOM removal and have economic value for the oil. Other 

parameter which significantly effect is the salting-in effect during crude protein extraction. The 

Salting-in process increase the extraction of our target coagulant protein from Mo and enhance 

the MO purification of protein process.  
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ABSTRACT 

The commonly used operational modes of supercritical fluid extraction (SFE), namely static 

and static-dynamic, have been applied for the extraction of bioactive compounds from 

Orthosiphon stamineus. A comparison of the two modes in terms of experimental set-up used, 

extraction time needed to extract the highest yield of the bioactive compounds i.e rosmarinic 

acid, 3’-hydroxy-5, 6, 7, 4’- tetramethoxyflavone , sinensetin and eupatorin has been carried 

out. The SFE system with fixed conditions of total flow rates (4 ml/min), co solvent content 

10% (v/v) of ethanol-water 75% (v/v), pressure at 225 bar and temperature at 60 °C has allowed 

the extraction of bioactive compounds in O. stamineus of the proposed approaches. Both 

operational modes have showed no significant different (p>0.05) in total extract yield and total 

component yield for the bioactive compounds. However, the dynamic mode has been 

demonstrated as a better alternative providing the shortest extraction time (160 min) compared 

to the static-dynamic (200 min) mode. High performance liquid chromatography (HPLC) with 

UV detection has been used for detection and quantification of the bioactive compounds. The 

comparison of the proposed approaches has shown that both methods provide similar 

efficiencies with an important shortening in the extraction time 160 min in SFE where no static 

extra time (40 min) needed for the extraction process of O. stamineus. The use of 50% (v/v) 

ethanol in water as co solvent has avoided the use of large amount of organic solvents providing 

an environmentally friendly method. 

 

Keywords: Orthosiphon stamineus; Supercritical Fluid Extraction; High Pressure Extraction 

 

INTRODUCTION 
Orthosiphon stamineus or is a herbal plant belongs to a genus in the family of Lamiaceae. 

Locally, it’s called “misai kucing” with the the presence of long filaments at each flower 

(unique white to light violet flowers) that looks like cat’s whiskers. In Southeast Asia, it is used 

consumed as beverage to improve health and to treat a variety of diseases such as kidney 

disorders, bladder inflammation, gout, diabetes, eruptive fevers, hepatitis, hypertension, 

syphilis, rheumatism, gonorrhea and diuretic (Akowuah et al., 2004; Ho et al., 2010; Ameer et 

al., 2012). It has various terpenoids, polyphenols and sterols (Tezuka et al., 2000), acts as 

antibacterial, antifungal, antimicrobial, antitumor, and exhibits antioxidant and anticancer 

activity (Akowuah et al., 2004; Scheckel et al., 2008; Yam et al., 2009; Ameer et al., 2012). 

mailto:masturahmarkom@ukm.edu.my


ICSET 2018 145 

 

Some studies reported that O. stamineus leaves contain high contents of phenolic compounds 

including lipophilic flavones, caffeic acid derivatives, rosmarinic acid, 2,3-dicaffeoyltartaric 

acid (Akowuah et al., 2004) and flavanoids such as sinensetin, eupatorin and 3’-hydroxy-

5,6,7,4’- tetramethoxyflavone (Yam et al., 2011; Muhammad et al., 2011; Ameer et al., 2012). 

O. stamineus’s bioactive compounds such as sinensetin (SEN), rosmarinic acid (RA), eupatorin 

(EUP), and 3-hydroxy-5,6,7,4-tetramethoxyflavone (TMF) exert the effects as an antiallergic, 

antihypertensive, anti-inflammatory, antioxidant (Akowuah et al., 2004;2005) and diuretic 

properties (Adam et al., 2009). Nowadays, O. stamineus based products are available in markets 

in the forms of tea sachets, drinks, raw herbs, tablets, capsules and also commercialised as food 

supplements (Abdullah et al., 2012) 

The conventional methods of extraction utilise harmful, expensive solvent yet require 

multiple purification steps. Extraction methods that have been carried out on O. stamineus such 

as soxhlet, reflux (Saidan et al., 2015), maceration (Saidan et al., 2015; Kamarudin et al., 2016). 

Solid-liquid extraction (Akowuah et al., 2005; Razak et al., 2012), pressurized liquid extraction 

(Pauralinazar et al., 2012), ultrasound assisted extraction (He et al., 2005). These extraction 

methods mainly traditional extractions; maceration, reflux and Soxhlet are susceptible to 

thermal degradation of compounds due to prolonged heating and it is also time consuming 

(Pang et al., 2017). In recent years, the modern technology offers a more efficient and 

environmental-friendly method to inrease the production of desired compound of interest 

(Easmin et al., 2014). Supercritical fluid extraction (SFE) is one of the most common and 

competitive eco-friendly extraction methods for herbal products. SFE has great advantages 

compared to conventional methods due to the reduction of solvent consumption, low 

temperature operations and short extraction times. 

 Supercritical fluid technology is advantageously positioned as a sustainable and safe 

extraction alternative for the preparation of plants extracts and has been widely studied in many 

applications during the last decades (de Melo et al., 2014) and in certain cases, an alternative to 

organic solvent-based extraction of natural products (Janghel et al., 2015). SFE is also the best 

method for exploitation in the extraction of palm oil on an industrial scale in Malaysia as 

described by Akanda et al (2012). In SFE the usage of large amount of solvents can be avoided, 

hence it improved yield/selectivity of useful products and can be achieved only by manipulating 

temperature and pressure or by a cosolvent combination. The method of SFE with co solvent 

application has been demonstrated by Markom et al. (2007) on Malaysian indigenous herbal 

plants, Phyllanthus niruri Linn (dukung anak) and Polygonum minus Huds (kesum) Markom et 

al. (2012). As for extraction on O. stamineus, it is believed that this method can also be used on 

the extraction of bioactive compounds in this herb, which has high potential in pharmaceutical 

and nutraceutical industries. 

In present work, two operational modes to carry out in SFE of O. stamineus: dynamic 

mode, which the extractant flows continually through the sample; and the static-dynamic mode, 

in which a fixed volume of extractant is used at first and later followed by dynamic mode. These 

two operational modes were tested for the extraction of bioactive compounds from O. 

stamineus, thus allowing their performance to be compared in terms of extraction time taken 

and significancy of the results they provide. The aim was to find the best operational mode for 

O. stamineus using SFE. To the best of our knowledge, this is the first reported comparison of 

static and static-dynamic extraction modes in SFE for O. stamineus. The use of ethanol-

modified carbon dioxide in SFE at high pressure and temperature constitutes a promising 

alternative to safer extraction, as it is the ideal solvent for the establishment of environmental 

friendly methods. 
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METHODOLOGY 

Sample preparation 

Dried leaves of misai kucing (Orthosiphon stamineus) were purchased from a local supplier 

(Herbagus Naturally Healthier, Penang, Malaysia, Penang Malaysia).The samples were 

packaged into a nylon-liner low density polyethylene pouch covered with aluminum foil upon 

arrival at the laboratory. The samples were grounded and sieved into 0.5 mm particle size using 

a milling machine (Fritsch, Germany) and kept in a dark environment at room temperature until 

they were used. 

 

Supercritical fluid extraction set up 

Figure 1 shows supercritical fluid extraction (SFE) system which comprises of a carbon dioxide 

pump model PU-2080 (JASCO Corporation, Japan), series 111 solvent pump (Lab Alliance, 

USA), BP 1580-81 model back pressure regulator, BPR (JASCO Corporation, Japan), 

extraction vessel enclosed in a FX2-2 model air circulating oven (Sheldon Manufacturing, 

USA), 682-8 model pressure transmitter (Dwyer Instrument, USA) and a sample collector. A 

chiller (Protech Electronic, Malaysia) was used to retain the liquid state of liquefied carbon 

dioxide at -4 °C before the extraction process started. Crude extracts were collected after the 

sample underwent drying process by using oven at 45 °C overnight. All the extractions from 

both modes were conducted in replicates. Extraction yield of all extracts were calculated using 

the following equation below: 

 

 

 

 
Figure 1:  Schematic diagram of SFE system 

 

Dynamic supercritical fluid extraction procedure 

In this extraction mode, approximately 2 grams (±0.05)  of sample were placed in the extraction 

vessel, which was located in the oven.The total flow rates for liquid CO2 and co solvent were 

fixed at 4.0 mL/min, temperature was set at 60 °C, pressure of 225 bar and using 50% (v/v) 

ethanol in water (co solvent).  The extraction started with dynamic extraction and each fraction 

was collected every 20 minutes. Each fraction was dried in an oven at 45 °C and then the dried 

extracts were kept in -20 °C before undergoing further analysis. 
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Static-dynamic supercritical fluid extraction procedure 

Before starting the run, 40 minutes static extraction was allowed for equilibrium at the 

temperature and pressure studied, followed by a dynamic extraction until exhaustion at total 

flow rates of 4 mL/min.  The extract fractions were collected every 20 minutes (except during 

static extraction). 

 

Quantification of bioactive compounds: Sinensetin, Eupatorin, Rosmarinic Acid and 

TMF. 

Analyses were performed on a High Performance Liquid Chromatography (HPLC) model 

Waters e2695 Separation Modules (Waters Corporation, USA) equipped with Waters 2998 

Photodiode Array detector, an auto sampler, a quarternary pump, a degasser and a column oven. 

The column used was a reverse phase C18, Chromolith (i.d. 100 mm x 4.6 mm x 5 mm). An 

acetonitrile/water/triflouro acetic acid mobile phase system was used for the chromatographic 

separation. In this study, the identification and quantification of bioactive compounds were 

carried out by comparing HPLC retention time of rosmarinic acid, TMF, eupatorin and 

sinensetin standards.  

 

RESULTS 

Dynamic versus Static-dynamic modes 

 

 
Figure 2: Extraction yield versus time taken in dynamic and static-dynamic 

extraction modes at Pessure=225 bar, T=80ºC and cosolvent content=10%. 

* For static-dynamic extraction, the first 40 minutes (0-40) is considered as static 

mode. 

 

Figure 2 shows the time taken in both dynamic and static-dynamic operational modes in 

SFE of O. stamineus. For dynamic mode, the graph turns plateau at 160 minutes which means 

that there is no further increase in yield or it has achieved it exhaustive state. However for static-

dynamic mode, the exhaustion only occurs at 200 minutes before it remains stable. The results 

clearly shown that the dynamic mode constitutes a better option, providing efficiency similar 

to static-dynamic mode in a shorter time. Janghel et al. (2015) also reported a dynamic 

extraction can be more exhaustive than a static extraction.  

.  
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Total Extraction Yield 

 

Table 1: Total extraction yield of Orthosiphon stamineus  

 

Supercritical Fluid Extraction modes  Total extraction yield (%) 

 

Dynamic 

 

37.1 (±1.07)a 

Static-dynamic 36.8(±1.55)a 

 

Same letter a, indicates statistically no significant difference for total extraction yield (p > 

0.05). 

 

Table 1 shows the total extraction yield of O. stamineus extract after 200 minutes of 

extraction. The result indicated that there was no significant difference (p>0.05) in both modes. 

 

Total Component Yield 

In terms of total component yields of O. stamineus’s bioactive compounds such as sinensetin 

(SEN), rosmarinic acid (RA), eupatorin (EUP), and 3-hydroxy-5,6,7,4-tetramethoxyflavone 

(TMF), there was no signicant difference (p>0.05) for all the targeted compounds as can be 

seen in Figure 3. The individual component for all targeted components was successfully 

extracted using both modes. 

 

 

 
 

Figure 3: Total component yield of RA, TMF, SEN, EUP from O. stamineus (n= 2)*. RA: 

rosmarinic acid, TMF: 3’-hydroxy-5,6,7,4’- tetramethoxyflavone, SEN: sinensetin, EUP: 

eupatorin Values marked by different lower case letters (a-d) are not significantly different 

(p>0.05). *Replication of extractions. Note: Error bars represent the standard deviation. 

 

 

DISCUSSION 

The results show that there were no significant different in terms of recovery of the total yield 

and total component yield of bioactive compounds in O. stamineus in SFE after comparing the 

extraction modes, namely: static and static dynamic. These results show that the addition of co 
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solvent usually causes higher polarity of the extractant with no equilibrium state needed (40 

minutes static mode), which later increases the solubility of the extract and tends to extract 

different polarity compounds in O. stamineus simultaneously. Due to the limited solubility of 

polar organic compounds in SFE, quantitative extraction of these compounds with pure 

supercritical carbon dioxide is not possible. In this study, the addition of ethanolic co solvent 

with 50% which is a combination of polar-non polar modifier to SFE showed tremendous 

increases in the extraction efficiency of O. stamineus regardless the modes of extraction used. 

 

CONCLUSION 

In this study, the comparison of supercritical fluid extraction with ethanol modified modes, 

namely static and static- dynamic have been applied for the extraction of bioactive compounds 

from O. stamineus, and reported for the first time. The dynamic mode and static-dynamic modes 

of SFE extraction showed no significant difference (p>0.05) on total extract yield and total 

component yield for the bioactive compounds; sinensetin, eupatorin, rosmarinic acid and TMF 

of O. stamineus. However, the dynamic mode has been demonstrated as a better alternative 

providing the shortest extraction time (160 min) compared to the static-dynamic (200 min) 

mode.  
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Appendices 

APPENDIX A 

 
HPLC profile at operating conditions for sinensetin, eupatorin, rosmarinic  acid and 3’-

hydroxy-5,6,7,4’- tetramethoxyflavone (; P=225 bar, T=60ºC and cosolvent content=10% ) 

for dynamic extraction 

 

APPENDIX B 

 
HPLC profile at operating conditions for sinensetin, eupatorin, rosmarinic acid and 3’-

hydroxy-5,6,7,4’- tetramethoxyflavone (; P=225 bar, T=60ºC and cosolvent content=10%) for 

static-dynamic extraction 
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ABSTRACT  
Pyrolysis of glycerol into syngas was carried out over the Ni/Al2O3 (20%/77%) promoted by 

3 wt% of rare earth metals viz. Praseodymium and Samarium. Wet-impregnation method was 

used for the catalyst preparation. Reaction study was performed at 973 K, 1023 K and 1073 K 

with the weight-hourly space velocity (WHSV) of 4.5 x 104 ml g-1 h-1. It was found that the 

BET specific surface area of promoted catalysts showed at least 0.50 m2 g-1 increment from 

the unpromoted catalyst, which was also corroborated by FESEM images. Temperature-

programmed calcination showed weight reduction corresponding to the formation of oxide 

metal at temperatures greater than 600 K. Reaction results yielded syngas as main gaseous 

products with H2:CO ratios of less than 2.0 for the entire range of temperatures studied. 

Glycerol conversion showed a maximum value of 30.3% at 973 K for the unpromoted catalyst 

followed by 26.6% at 1073 K and 24.8% at 1023 K. Sm and Pr promotion showed glycerol 

conversion, XG of 27.8% and 25.87% which was at least 4% higher compared to the 

unpromoted catalyst at 973 K. The syngas was produced primarily from glycerol 

decomposition. The 3 wt% Pr promoted Ni/Al2O3 catalyst results the maximum H2:CO ratio 

(1.94) at 973 K and 22.5 kPa. This value was appropriate for Fischer-Tropsch application.  

 

Keywords: Alumina; Glycerol; Pyrolysis; Nickel; Rare earth metals; Syngas 

 

1.0 INTRODUCTION 

Synthesis gas or also widely known as syngas is a mixture of hydrogen (H2) and carbon 

monoxide (CO) with minor presence of methane (CH4) and carbon dioxide (CO2). Hydrogen 

can be utilized in order to generate electricity, either a gas turbine or in a fuel cell. It can be 

used as fuel in automotive vehicle without creating any noxious gases. H2 is one of the major 

components for Gas-to-Liquid (GTL) process to produce liquid alkane and alkenes which are 

vital pre-cursors for various chemical products based on the century-old Fischer-Tropsch 

process. Significantly, pyrolysis of glycerol creates a lot of opportunity in particular for H2 

production from biomass [1]. 

Glycerol is traditionally produced from saponification process or soap production 

before the advent of biodiesel industry. Practically, most of crude glycerol is sent to water 

treatment for digestion process, but this process is slow, expensive and has low yield [2]. 

Transesterification process has contributed to the mounting glycerol stockpile. Indeed, some 

studies propose that any growth in biodiesel production could results in 60% price decline based 

on the glycerol commodity market which is currently limited to only few applications [3]. 
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Glycerol pyrolysis is known as highly endothermic and demands significant amount of 

heat input. This condition basically creates a steep thermal gradient and generates various non-

equilibrium products [4]. The presence of lanthanide-group metals as catalyst promoters in 

hydrocarbon reforming is favorable; the enhancement of catalytic performance of Ce-promoted 

catalysts has been attributed to high oxygen storage capacity, and thus the ability to participate 

in redox reactions with hydrocarbons [5, 6, 7]. Furthermore, in order to improve Ni reducibility 

and additionally to increase metal dispersion, along with suppression of carbon formation 

caused by oxygen storage capacity of CeO2, doping of Ni/Al2O3 with CeO2 has been explored 

[5,6]. Besides, any particular order which concerning the catalyst dopant by lanthanide 

promoters (La and Ce) during impregnation did not have any consequence on the doped catalyst 

activity [7]. The comparison of lanthanide (La, Ce and Yb) promotion effect were reported by 

Natesakhawat [5,8] in which have the results of 2 wt% rare earth metal promoted Ni/Al2O3 

catalyst in propane steam reforming leads to activity improvement, coke resistance, stability, 

and enhanced Ni reducibility [9]. In the current study, Sm and Pr were employed as rare earth 

promoters due to scarcely reported previous study, for glycerol pyrolysis. Similar to the other 

rare earth promoters, Sm and Pr are expected to give positive performance towards syngas 

production.  

 

2.0 MATERIALS AND METHODS 

The Alumina Oxide (Al2O3) support from Sigma Aldrich was calcinated using Carbolite muffle 

furnace with operating conditions of 1073 K, 6 h and 10°C min-1. The catalysts were then 

sieved to 140-425 μm. In order to prepare 3 wt% Sm-20 wt% Ni/77 wt% Al2O3 catalyst, the 

freshly sieved alumina was mixed with Ni/(NO3)2.6H2O and Sm(NO3)3.6H2O solution. Similar 

methods were used to prepare the unpromoted 20 wt% Ni/80 wt% Al2O3 catalyst. The resulting 

slurry was stirred for 3 h on a hot plate, followed by dyring at 393 K for overnight. Finally, the 

dried catalysts was air-calcined at 1073 K for 5 h. Before apply in reaction runs, the calcined 

catalyst was crushed and sieved to 140-250 μm particle range. 

TGA (Q500-model) analysis was carried out to ensure the formation of metal oxide by 

metal nitrate decomposition and also to measure the calcinations profiles of the uncalcined 

catalysts. The operating conditions involved ramping at 10, 15 and 20 K min-1 under air 

purging with 100 ml min-1 of 20% O2 in N2 mixture. Maximum temperature was fixed at 873 

K. By using surface area analyzer with degasser or BET analysis, the surface area of the 

catalysts was calculated. Temperature was set at 77 K and liquid N2 was used as adsorbate. The 

density of the catalysts for BET purpose was identified using Gas pycnometer (1340 AccuPyc). 

The number of purge and cycles was 10 with water as blank reference. Then, for surface 

imaging purpose, the JEOL/JSM-7800F model of FESEM was carried out. The image was 

detected at acceleration of 5 kV voltage with magnification of 10, 20 and 30 kx respectively. 

For the XRD measurement, Shimadzu diffractometer model XRD-6000 was employed. The 

radiation source was a Ni-filtered CuKα with wavelength (λ) of 1.5418 Å at 40 mA and 45 kV. 

Scanning was from 10° to 80°. The crystal diameter of the catalysts was calculated using the 

Scherrer equation. 

 
Where Dp is the crystallite size, λ is the radiation wavelength, β is a half of the maximum 

intensity peak and θ is the half of the diffraction angle. XRF was selected to analyze elemental 

and oxide compositions which suitable for all types of samples regarding elemental analysis 

purposes. For the best detection method of XRF (S8 Tiger model, Germany), the quant-express 

was chosen. Approximately 8 g of samples were used to measure with four analyzer crystals 
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and 4 kW Rhodium (Rh) X-ray tube.  

The pure glycerol (>98% purity, Sigma Aldrich) was injected into a fixed bed reactor 

using HPLC pump. For the reaction, 0.20 g of catalyst was employed for the glycerol pyrolysis. 

The setup were using 973, 1023 and 1073 K as reaction temperatures with ramping 10 K min-

1. Total inlet flow was 150 ml min-1 employing weight hourly space velocity (WHSV) of 4.5 

x 104 ml g-1 h-1. The gaseous products were collected into sampling bag and analyzed using 

Agilent GC Model no. 6890 series with TCD capillary column. The GC was equipped with 

Supelco Molecular Sieve and an Agilent Hayesep DB (The He gas was used as carrier gas.  

Equations (2) to (4) were used to measure the value of glycerol conversion (based on 

atom-H balance) and yield of carbon/hydrogen: 

 
 

Where, 

Fi = molar flow rate of component i. 

 

3.0 RESULTS AND DISCUSSION 

Thermal calcination profiles were carried out to investigate the decomposition of nitrate 

precursor. Figure 1 shows the derivative weight profiles for the unpromoted Ni/Al2O3, 3 wt% 

Sm-Ni/Al2O3 and 3 wt% Pr-Ni/Al2O3, respectively. 

 

Figure 1 Derivative weight profiles of unpromoted Ni/Al2O3, 3 wt% Sm-Ni/Al2O3 and 3 wt% 

Pr-Ni/Al2O3  
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It can be seen that below 500 K, several peaks associated with physical water 

elimination followed by hydration water removal were recorded. At the onset of 500 K up to 

circa 600 K, derivative weight profiles for all the catalysts showed sharp peaks with slightly 

discernible shift of peak maxima to the left for Sm- and Pr-promoted Ni/Al2O3 catalysts, 

compared to the unpromoted catalyst. This indicates that Sm and Pr can reduce the metal oxide-

support interaction during the decomposition of nitrate precursor.  

The N2-physisorption isotherms (as shown in Figure 2) show macroporous structure for 

unpromoted Ni/Al2O3 catalyst, mesoporous interaction for Sm and Pr promoted Ni/Al2O3 

catalysts. 

 

 
Figure 2: N2 physisorption isotherms for calcined (a) unpromoted Ni/Al2O3 (b) 3 wt% Sm-

Ni/Al2O3 (c) 3 wt% Pr-Ni/Al2O3 catalysts 
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According to the Table 1, BET specific surface area for promoter-doped calcined catalyst was 

higher than unpromoted catalyst, consistent with the isotherm. The rather low BET specific 

surface area indicates that the alumina support employed in the current study was most likely 

an α-type, which is thermally very stable. 

 

Table 1 Density and specific surface area for all the catalysts 

 
FESEM images showing the surface morphology of the catalysts are illustrated in Figure 

3. For the unpromoted Ni/Al2O3 catalyst, the surface morphology appears bulkier with 

formation of larger, irregular-shape particle size. For the promoted catalysts, as shown in 

Figures 3(b)&(c), formation of significantly smaller particle size was observed, with the Sm-

promoted catalyst (cf. Figure 3(b)) possessed the smallest size among the duo. This observation 

was consistent with the BET specific surface area summarized in Table 1 which shows larger 

specific surface area for Sm-Ni/Al2O3 catalyst (2.68 m2 g-1) in contrast to the specific surface 

area of Pr-Ni/Al2O3 catalyst (2.59 m2g-1). Significantly, this indicates that rare earth metals 

exhibit textural-promoting property, most likely via suppression of sintering effects during the 

thermal calcination process. 

To identify oxide compositions on the synthesized catalysts the XRF measurements were 

analyzed. Any small amount of hidden composition also can be detected using XRF analysis. 

Table 2 showed the actual metal oxide for calcined unpromoted Ni/Al2O3 and Sm, Pr 

promotion catalysts. From the results, it is indicated that more than 50% and 60% for Al and 

Ni compositions were present in both catalysts. The presence of promoter was proven with 

5.94% of Sm and 5.76% of Pr in promoted catalyst as shown in Table 2. For metal oxide, the 

results gave Al2O3 and Ni as major compositions in both catalysts with addition of 4.48% 

Sm2O3 and 4.77% Pr2O3 in promoted catalyst. The other compositions were produced from 

reaction during impregnation and calcination process. However, these compositions could be 

ignored because of detected in only small percentages.  
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Figure 3 Catalysts morphology images for calcined (a) unpromoted Ni/Al2O3 (b) 3 wt% Sm-

Ni/Al2O3 (c) 3 wt% Pr-Ni/Al2O3 catalysts 
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Table 2 XRF analysis of oxide composition for all the calcined catalysts 

 

 

Figure 4 shows XRD pattern or crystallite structure for both catalysts which referring to 

presence of peak at different angles, 2θ. From the graph, it can be observed that NiO (at 2θ= 

37°) merged with the Al2O3 support to produce a NiAl2O4 species at 36°, 38° and 63°. The 

peak of NiO was proven the presence of oxide metals from XRF analysis.  

 

Figure 4: XRD pattern for all the calcined catalysts (■ NiAl2O4 ● NiO) 
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 In addition, the peaks shows similar pattern for both Sm and Pr promoted catalyst. All the 

Ni-Al2O4 peak shows the almost similarity sharp peak pattern which represent constant 

crystallite structure at the catalysts. These results were supported by FESEM image which 

indicated well-dispersed metals. Table 3 shows crystallite size for all the catalysts at highest 

recorded peak, in which Sm and Pr promoted catalyst possessed higher values compared to the 

unpromoted catalyst. The pore blockage may occur because of the smaller crystallite size which 

led to reduced BET surface area.  

 

Table 3 Crystallite size for all the catalysts 

 
 

The effects of glycerol conversion, yield products and also products formation rate were 

investigated in the reaction parts. The operating conditions that applied in reaction studies were 

temperature range of 973 to 1073 K with WHSV of 4.5 x 104 ml gcat-1 h-1. The run was 

operated for 3 h using 0.2 g of the catalysts. At fixed temperature, the partial pressure of 

glycerol, Pgly was varied along with various partial pressures of carrier gas (nitrogen), PN2, in 

order to determine the value of glycerol conversion, XG and product yield, Yi. The profile of 

glycerol conversion over 3 hr for all the catalysts were recorded in Figure 5: 

 

 
Figure 5: Glycerol conversion for all the catalysts at T = 973 K, Pgly = 14 kPa and WHSV = 

4.5 x 104 ml gcat
-1 h-1 over 3 h reaction time 

 

 As can be seen in Figure 5, conversion of glycerol for promoted catalyst was higher than 

the unpromoted catalyst. Glycerol was decomposed into syngas. This can be attributed to the 

assistance by promoter of catalysts that can improve reactant’s internal diffusion into catalyst 

molecule. The results supported by catalysts characterization, i.e. BET and FESEM that showed 

promoted catalysts had larger surface area compared to the unpromoted catalyst. 

 Furthermore, the H2:CO ratios of less than 2.0 can be obtained at all reaction temperatures 

as shown in Figure 6 and 7. The highest H2:CO ratio was 1.94, obtained at glycerol partial 

pressure of 22.5 kPa and reaction temperature of 973 K. 
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Figure 6: H2:CO ratio as function of glycerol partial pressure at T = 973 K and WHSV = 4.5 x 

104 ml gcat
-1 h-1 

 

Figure 7: H2:CO product ratio versus temperature for all the catalysts with WHSV = 4.5 x 104 

ml gcat
-1 h-1 

 

4.0 CONCLUSIONS 

Glycerol pyrolysis into syngas over the 3wt% Sm and 3wt% Pr promoted Ni/Al2O3 catalysts 

was reported herein. Promotion with Sm has yielded larger BET specific surface area, 

consistent with FESEM surface images. In addition, promotion has also minimized sintering 

and improved metal dispersion. Reaction results for Sm and Pr promotion showed glycerol 

conversion, XG of 27.8% and 25.87% which was at least 4% higher than the unpromoted 

catalyst. From glycerol decomposition, H2:CO ratios of less than 2.0 were obtained. The 

maximum H2:CO ratio (1.94) was achieved by 3wt% Pr promoted Ni/Al2O3 catalyst at 973 K 

and glycerol partial pressure of 22.5 kPa. This ratio is suitable for the Fischer-Tropsch 

synthesis.  
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ABSTRACT  

Wastewater from textile industry contain reactive dye may cause severe pollution to 

environment as it was released to rivers or drains. Hence, the aim of this work is to investigate 

the fouling performance during ultrafiltration of reactive methylene blue from synthetic dye 

solutions. The fouling performance was determined by analysing the Modified Fouling Indices 

(MFI-UF) using different membrane material, feed concentrations and feed chemistry. The feed 

solutions was synthesized with reactive methylene blue, and the works were carried out by 

using a dead-end ultrafiltration unit. Two UF membranes were used with the membrane 

materials made from cellulose acetate (CA) and polyvinylidenefluoride (PVDF). The best 

condition had been recorded from the study is using feed concentration of 22ppm, at pH 3 and 

PVDF membrane. The highest fouling index was found at the same condition and reach 12051 

s/L2 since it was claimed that dye was severely accumulated on the membrane surface and form 

a thin layer. Overall results revealed that an ultrafiltration process can be used to treat reactive 

dye from textiles before it is channelled into the sea or river, and has great potential to be 

commercialised as a new alternative in dye wastewater treatment. 

 

Keywords: batik; index fouling; reactive dye; textile; ultrafiltration 

 

1.0 INTRODUCTION 

Dye pollutants from textile dye industries are an important source of environmental 

contamination. There are about 10,000 dyes currently used in the textile industry (Poon et al., 

1999). It is estimated that 1 to 155 of the dyes are lost during processing and are released into 

wastewater. The release of this coloured wastewater poses a major problem for the industry as 

well as a threat to the environment (Sauer et al., 2002). 

 Dye pollutants are generally resistant to biological degradation (Kuo and Ho, 2001; Sun 

et al., 2002). The discharge of dyes into the environment is a concern for both toxicological and 

aesthetical reasons as dyes impede light penetration, damage the quality of the receiving streams 

and are toxic to the food chain for organisms (Padmesh et al., 2006). The world-wide and high 

level of production normally generates colored wastewater and gives environmental concerns. 

Textile companies, dye manufacturing industries, paper and pulp mills, tanneries, electroplating 

factories, distilleries, food companies and a host other industries discharge coloured wastewater 

(McKay et al., 1998). 

 The methods of colour removal from industrial effluents, including biological treatment, 

coagulation, flotation, adsorption, oxidation and higher filtration among the treatment options, 

and adsorption, appear to have considerable potential for the removal of colour from industrial 

effluents. As the adsorption into active carbons is a well-known process for micro-pollutants 

removal (Faur-Brasquet et al., 2003). However, commercially available activated carbon is still 
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considered expensive (Sourja et al., 2005). The first noticeable effect in the receiving water is 

the color, which not only causes and aesthetic impact, but can also interrupt photosynthesis, 

thus affecting aquatic life. Other effects are related to dye degradation products, including 

aromatic amines, which are known to be toxic and potentially carcinogenic. Therefore, these 

wastewaters must be adequately treated before disposal. 

 Basically, an ultrafiltration membrane is used as it rejects and separates high molecular 

weight solutes as well as suspended solids, colloids and macromolecules. The ultrafiltration 

separations mechanism is commonly attributed to geometry such as pore size of the membrane. 

Due to the pore size of common ultrafiltration membrane, it is very suitable to be used in 

removing the dye from wastewater. The ultrafiltration membrane system conserves energy with 

minimal operation and labor costs, and it has the ability to retain high concentration, minimising 

disposal costs for a wide range of industries.  

 Thus, the main objective of this study is to determine the permeate flux and Modified 

Fouling Index-Ultrafiltration (MFI-UF) by using different membrane material and different 

solution chemistry. The existing Modified Fouling Index (MFI0.45) based on cake filtration 

uses a 0.45 μm microfilter to measure the particulate fouling potential of feed water. In this 

study, a suitable reference membrane for the MFI-UF test was investigated using cellulose 

acetate (CA) and polyvinylidene flouride (PVDF). Furthermore, the percentage of dye rejection 

using the ultrafiltration process will also be determined. 

 

2.0 MATERIALS AND METHODS 

2.1. Materials: Chemicals, membranes and experimental rig 

The experiments were carried out with effluent obtained from batik canting industry. The 

membranes used were made of CA and PVDF. The properties of the membranes are shown in 

Table 1. New membranes were soaked in pure water overnight prior to each run in order to 

remove the preservative liquids before the membranes can be used. Experiments were 

performed using Millipore UHP 62 stirred cell. 

 

Table 1: The properties of membranes 

 
 

2.2. Fouling indices experiments 

Two different concentrations of wastewater are obtained from textile industry wastewater 

which are first wash and third wash of batik canting. 2. The wastewater is first analyze using 

UV-VIS spectrometer to determine the concentration and check the pH using pH meter. The 

value is 77ppm and 22ppm for the first wash and third wash respectively. The pH are both at 

pH 11. With the concentration of 77ppm and 22ppm, one can emulate the concentration using 

stock reactive dye (Sigma Aldrich Dye 4) in powder form. Using the serial dilution formula 
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(m1v1= m2v2). Permeate flux will be determined based on the volume collected, and can be 

calculated as Eq. (1) (Majewska-Nowak, 2009): 

 
Where, V is Volume of permeate at particular time (L), A is the filtration area of the membrane 

(m2) and t is time of the permeate collected (h). 

 

3.0 RESULTS AND DISCUSSION 

3.1 Filtration performance for different membranes 

Based on Figure 1, graph of flux versus time for feed concentration of 77ppm, pH 11 using both 

membrane material. It shows that higher flux can be achieved by using CA membrane. This 

probably due to the chemical characteristic of the membrane material itself. PVDF membrane 

is hydrophobic membrane while CA is hydrophilic membrane. When the membrane is 

hydrophobic, especially since reactive dye solution contain pure water, without any impurities, 

will create another force for the solution to not pass through pores of the filter while the reactive 

dye particles is let into. The reactive dye particles can easily accumulated and trapped into the 

pores, resulting less flux throughout the process. While for CA membrane which is hydrophilic, 

since there is no counter force between membrane surface and water molecule, higher flux will 

be achieved since solution was let pass through the pores of membrane with ease (Ahmad A.L, 

2005).  

 

 
Figure 1: Effect of different membranes on filtration flux 

 

3.2 Effect of different membrane material on membrane fouling indices (MFI) 

Referring to Figure 2, higher fouling indices was recorded on PVDF membrane for both 

concentrations, 77ppm and 22ppm, comparing to fouling on CA membrane. PVDF membrane 

has the characteristic of hydrophobic while CA membrane is hydrophilic. Based on the Overton 

rule, membrane permeability decrease with hydrophobicity (KabschKorbutowicz, Majewska-

Nowak and Winnicki, 1999). When hydrophilic membrane used, the permeability is high. 

Membrane permeability is the force of transporting components through cell for example 

membrane. When the permeability is high, the membrane is less prone towards fouling. 
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Figure 2: Membrane fouling indices for different membrane material 

 

3.3 Filtration performance for different solution chemistry 

Based on Figure 3, ultrafiltration using PVDF membrane under various feed pH did not produce 

significance change between feed pH of 11, 7 and 3. For PVDF, feed at pH 3 has the lowest 

flux comparing to feed of pH 11 and 7. This may be caused of dye adsorption degree level at 

pH 3 is higher than pH 11 and 7 (Arvanitoyannis, Eleftheriadis and Tsatsaroni, 1989). When 

higher dye adsorption occurs, interaction between dye and membrane surface is higher, thus 

resulting more dye molecules trapped onto membrane surface and into the pores, produce 

clogging.  

 

 
Figure 3: Effect of different solution chemistry on filtration flux (for PVDF membrane) 

 

3.4 Effect of different solution chemistry on membrane fouling indices (MFI) 

Based on Figure 4, it can be concluded that the highest fouling indices was determined at acidic 

condition. This finding is parallel with the filtration performance and dye rejection which have 

been discussed previously. From alteration of the pH, the chain reaction of the reactive dye 

changed, thus lowering the permeability, creates cake surface on layers or clogged in pores. 

High membrane fouling commonly associated with decreasing flux of permeate collected (Park 

et al., 2006). 
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Figure 4: Membrane fouling indices for different pH 

 

4.0 CONCLUSIONS 

The severe fouling during treatment of “batik” wastewater has been investigated. It was due 

primarily to the deposition or adhesion of reactive dye on the membrane surface. Permeate flux 

and fouling indices have been used to characterise the fouling performance. As the result, 

membrane material and pH play an important role in the ultrafiltration process. The highest 

MFI were achieved by using PVDF membrane and acidic condition for both material. It was 

claimed that, the surface chemistry of the membrane itself strongly affects the ultrafiltration 

process. PDVF was chosen as the best material because it can retain most of the dye on its 

surface. As the dye accumulation on the surface increased, the colour removal also increased. 

The hydraulic efficiency of the membrane decreases and makes it more prone to fouling. As for 

the CA membrane, it contrasts with the PVDF as it is a strongly hydrophilic membrane that 

shows a high permeability and is less prone to fouling. Hence, it is not suitable for the process 

of dye filtration. The overall results show that the ultrafiltration membrane is feasible for 

significantly removing dye from wastewater. 
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ABSTRACT  
The direct discharge of bathroom greywater (BGW) into water bodies without any treatment 

which contains xenobiotic organic compound (XOCs) due to the consumption of personal care 

products (PCPs) caused escalating concentrations of a broad range of pollutants in water bodies. 

Therefore, the aim of this study is to determine the type of physiochemical and XOCs in 

greywater result from the PCPs use in BGW. Next is to evaluate the efficiency of solar water 

distillation (SWD) to treat the bathroom greywater. The sample were taken from the direct 

discharge of Residential collage of Tun Fatimah bathroom activity, and treated with SWD to 

compare the concentration of greywater before and after the treatment. Based on Gas 

Chromatography Mass Spectrometry analysis, Methyl paraben was found in the BGW. 

Whereas the concentration before, 150 mg/L and after treatment by using SWD decreased to 

80 mg/L. For the greywater quality, the highest removal percentage for Biochemical Oxygen 

demand (BOD) is 62.3%, while for Chemical Oxygen demand (COD) is 81.41%. The peak 

percentage removal of Total Suspended Solid (TSS) is recorded at 46.15%. It is worth 

mentioning that bathroom greywater pH ranging from 6 – 7 which is neutral. Lastly, Dissolved 

Oxygen (DO) show a positive result which is in the range of 6 – 8 mg/L. The findings prove 

that the treatment of greywater using SWD technique can enhance the quality of greywater.  

 

Keywords: bathroom greywater, xenobiotic organic compound (XOCs), personal care product 

(PCPs), solar water distillation (SWD), physiochemical  

 

1.0 INTRODUCTION  

Greywater is the wastewater generated from the household’s activities such as laundry, 

showers, bathing, washing basins and kitchen sinks, except the toilet wastewater (black water) 

[7]. Greywater is divided into four sources such as bathroom, laundry, kitchen and mixed origin. 

Component of greywater are dirt, skincare product, tap water, detergents and food residue [26]. 

There are two types of greywater which are termed as light greywater or low strength greywater 

and dark greywater or high strength greywater. Greywater from bathroom including shower 

and tub is termed as light greywater while greywater from laundries, dishwasher and kitchen 

sink is called dark greywater [28]. Based on [16], greywater normally has low concentration of 

organic compound and microorganism content than domestic wastewater. Physical and 

chemical characteristics of greywater is similar to dilute sewage as it contains the same 

contaminants such as organic compounds, nutrients and pathogens and its ratio COD and the 

five-day BOD5 which is generally around 4:1 indicating a high chemical content [5]. The 

generated quantity of greywater is vary depending on the number of residents, their age, their 

water usage pattern and time, availability of water and lifestyle of household [4]. Greywater 

has been established to be a suitable candidate for water treatment system for reuse purposes 

[2]. Greywater contains xenobiotic organic compounds (XOCs) such as methyl paraben, 
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triclosan and linalool which should be treated before released to the environment. XOCs are 

organic compound that chemically man made that are impurities in the earth [19-23]. XOCs 

made up the chemical product in household such as soaps, shampoos, perfumes, preservatives, 

dyes and cleaners [6]. XOCs can be categorized into surfactants, fragrances and flavor, 

preservative and antioxidant, emulsifier, softener and plasticizers, UV filter and solvents [7]. 

XOCs highly toxic in nature [8] and can effect liver cancer and endocerin disruption while in 

aquatic life it can effect toxicity to algae species and also alters the bacterial communities 

composition [12]. 

 Personal care products (PCPs) are sources of XOCs because they are continually released 

into water bodies and aquatic environment [13]. Most of the PCPs contains XOCs such as 

galaxolide, limonene, linalool, hexylcinnamal, butylphenylmenthylpropional and tonalide [15, 

23]. Alkyl esters of p-hydroxybenzoic acid are also frequently used in PCPs [15]. Paraben such 

as methylparaben, ethylparaben, propylparaben and butyparaben which are commonly used as 

a preservative usually found in the PCPs such as shampoo, deodorant which can cause side 

effects to human. They are most commonly used on cream based products [24]. Eventhough 

parabens are biodegradable where the reaching values as high as 95%, they have been detected 

in effluents at concentrations up to 4 μg/L and in surface waters at concentrations up to 30 μg/L 

[20]. Methyl paraben may lead to skin and eye damage [25]. In order to reduce the concentration 

of methyl paraben in greywater, solar water distillation (SWD) is introduced in this study to 

reduce methyl paraben concentration. SWD is a method that separates the component of a 

substances from liquid mixture by separate evaporation and condensation [14]. [22] stated that 

the advantages of this solar distillation method is economical, eco-friendly and no conventional 

energy is needed. This water treatment method comprises of presenting water to sunlight 

specifically to improve the quality of the water. According [11], SWD is proven as efficient 

technique to remove impurities in water up to 99% yet still can be enhanced by increasing 

evaporation rate that is a combined effect of solar radiation, cover glass temperature, water 

contamination density, base plate absorptivity and provide additional heat by solar water 

preheating system. There are two different types of solar system that is active type and passive 

type. Active solar system use extra thermal energy is provide to the basin through an external 

mode to increase the evaporation rate but the passive solar system only use sunshine to 

evaporate without any power consuming. In passive solar system, the solar radiation is received 

directly to the basin and only use sunlight to increase the temperature of water that lead to 

evaporation that can help to treat the water [17] 

 

Table 1: Xenobiotic organic compound found in greywater with the concentrations (μg/L) 
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3.0 METHODOLOGY 

3.1 Bathroom greywater sampling 

The BGW samples were collected from residential collage of Tun Fatimah located at Universiti 

Tun Hussein Onn Malaysia. The sampling was done at two conservative days to gets its 

effluents trend and pattern. The samples were obtained using polyethylene terephthalate (PET) 

bottle through grab sampling method according to the standard procedure to ensure that all 

variations in effluent content are considered. The samples will be transported and analyzed 

according to standard methods within 24 hours to obtain the initial characteristics of the effluent 

samples. Sampling was done at one point for 2 times a day at 6-9 am and 5-8 pm. Samples were 

preserved within maximum storage according to the Standard Method of Examination of Water 

and Wastewater APHA (2012) to maintain the characteristic and condition of the sample water. 

For BOD5, COD, pH, turbidity and TSS immediate test were done after the samples were 

collected. 

 

3.2 Bathroom Greywater Characteristic 

The pH, temperature, BOD, COD, DO and TSS of BGW samples were assessed according to 

APHA, (2012). 

 
Figure 1: Measurement of pH, temperature, BOD, COD, DO and TSS 

 

3.3 Bathroom Greywater Extraction 

The BGW samples were extracted using liquid-liquid extraction method as described by [27] 

for GCMS analysis to determine the type XOCs present in the BGW samples. 

 

3.4 Solar Water Distillation design 

Design of SWD system was made from two empty plastic bottle of 1.5 litres connected with 

Polyvinyl chloride (PVC) pipe. One bottle was darkened using a black spray to enhance heat 

absorbtion which helps to increase the temperature of the sample the black bottle faster while 

the other bottle is left untouched [17]. The function of the other bottle were to collect the water 

vapor. The purpose of PVC pipe in the middle was to transfer the vapor from the dark bottle to 

the clear bottle. The bottle are sunk from 9 am until 5 pm. The result of the vapor from the 

water sample was taken and placed in a polyethylene bottle and tested in the lab. Each model 

produce 5.4 ml of steam. Each greywater sample use 24 models at 32 degrees. This design have 

helped to accelerate steam production. 

 

 

 



ICSET 2018 172 

 

4.0 RESULTS AND DISCUSSIONS 

4.1 pH Value 

Figure 3 shows the pH value of BGW from residential college of Tun Fatimah Collage before 

and after the treatment. The pH value for male block (MB) before treatment, both in the morning 

and evening was 6.22 while for the female block (FB), before treatment was 6.51 in the morning 

and 6.16 during evening. The highest pH value before treatment recorded was 6.51. The highest 

value result pH after treatment was 7 and that is from MB (am). The pH value after treatment 

for MB (pm) was 6.35 and for FB (am) was 6.51, lastly for FB (pm) was 6.16. Based from 

previous study by [9] the value pH was 7.6 and from the result is the pH is 7. Lastly, pH of 7 

shows that the neutral conditions on a scale of 0 mean that acidic while 14 mean that alkaline 

The pH value after the treatment were in the range of standard B effluent by Environment 

Quality Act 1974 for irrigation which the max pH is 9.Therefore the availability of these 

substances to aquatic organisms is not affected [3]. 

 

 
Figure 3: pH value of BGW from residential college of Tun Fatimah Collage 

 

4.2 Biochemical Oxygen demand (BOD) 

Figure 5 shows that the BOD concentration value before and after the SWD treatment. The 

BOD value before treatment for in MB (am) was 109.33 and MB (pm) was 108 while for the 

FB (am) was 132 mg/L and FB (pm) was 175.33 mg/L. The highest BOD concentration value 

was recorded at FB (am). Based from the graph, the highest value BOD after treatment was 94 

mg/l from MB (am) while the lowest value was 66.1 mg/L from FB (pm). According to [15] 

the concentration value of BOD was 68 - 120 mg/L. This different due to the different source 

of water which from the researched the type of water from bathroom and laundry. The removal 

percentage, the value is in the range of 14.02% to 62.3 % the value concentration after treatment 

were exceeded the standard B effluent discharged by Environment Quality Act 1974 for 

irrigation which is 50 mg/L. From this result, it shows that, SWD treatment is less effective in 

treating the BOD parameter. 
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Figure 5: BOD concentration at residential Tun Fatimah Collage 

 

4.3 Chemical Oxygen demand (COD) 

Figure 6 shows the COD value before and after the SWD treatment. The concentration COD 

value before treatment at MB (am), MB (pm), FB (am) and FB (pm) was 104 mg/L, 93.7 mg/L, 

104.73 mg/L and 71.2 mg/L. The different value of COD depends on amount of oxidize organic 

compounds in the sample. COD is to measure of total quantity of oxygen needed to oxidize all 

organic material into carbon dioxide and water. The COD values are always bigger than value 

BOD [3]. The highest value result COD after treatment was 85.33 mg/L that is from FB (am). 

The COD concentration value after treatment for MB (am) was 19.33 mg/L for MB (pm) was 

26.67 mg/L and lastly for FB (pm) was 17 mg/L. As studied by [2] , the concentration value of 

COD is 64 – 92 mg/L. there is a similarities concentration value of COD with previous studies. 

The removal percentage, the value is in the range of 18.52% to 81.41% the value concentration 

after treatment were not exceeded the standard B effluent discharged by Environment Quality 

Act 1974 for irrigation that is 100 mg/L. From this result, it shows that, SWD treatment is 

effective in treating the COD parameter. 

 

 
Figure 6: COD concentration at residential Tun Fatimah Collage 
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4.4 Total suspended solid (TSS) 

Figure 7 shows that the TSS concentration value before and after the SWD treatment. The TSS 

value before treatment for MB (am) and MB (pm) was 16 mg/L while for the female block 

before treatment in FB (am) was 13 mg/L and FB (pm) was 10 mg/L. The highest TSS 

concentration value was FB (am). Based from the graph, the highest value TSS after treatment 

was 15 mg/l from MB (am) while the lowest value was 7 mg/L from FB (pm). From previous 

study, chemical precipitates are considered a form of suspended solids. TSS are significant 

factor in observe water clarity. According to [2] the concentration of TSS is 20-50 mg/L. The 

removal percentage, the value is in the range of 6.25% to 46.15% the value concentration before 

and after treatment were not exceeded the standard B effluent discharged by Environment 

Quality Act 1974 for irrigation that is 100 mg/L. From this result, it shows that, SWD treatment 

is effective in treating the TSS parameter. The value of TSS after the treatment were change. 

 

 
Figure 7: TSS concentration at residential Tun Fatimah Collage 

 

4.5 XOCs in bathroom greywater 

From the result of GCMS analysis, methyl paraben was identified. Figure 8 illustrates the 

concentration of compounds before and after the SWD treatment. The removal percentage was 

calculated to check the SWD method efficiency to degrade this compounds. The concentration 

value before the treatment is 150 μg/L. As stated by [6] the concentration value was 26 μg/L. 

This concentration in previous study and the result value has slightly different due to different 

type of water that is domestic wastewater. While the concentration value after treatment is 

45μg/L. Concentration value after treatment were compared with the allowable limit. 
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Figure 8: concentration of methyl paraben 

 

5.0 CONCLUSIONS 

Upon completion of this project, the objectives were successfully achieved. The purpose 

technique is able to evaluate the efficiency of SWD to treat greywater sample. The parameter 

that has been checked in determining the characteristic of greywater are pH, dissolved oxygen 

(DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD) and lastly total 

suspended solid (TSS). There is four samples were collected to checked the characteristic of 

greywater sample such as male block during day (MB AM), male block during night (MB PM), 

female block during day (FB AM), and lastly female block during night (FB PM).The analysis 

shows that the greywater very effective in removing COD values. The highest percentage 

removal COD is 81.41%. While peak percentage removal for BOD is a 62.3%. The percentage 

removal for COD and BOD obtained in this researched verified that the SWD treatment is 

effective. 46.15% is the highest percentage removal for the total suspended solid. It worth 

mentioning that bathroom greywater pH value is ranging from 6-7 which is neutral. Dissolve 

oxygen show a positive result which is ranging from 6-8 resulting the bathroom greywater is 

acceptable. 

 The use of GCMS in determination of physiochemical and XOCs is one of the 

alternative way to determine the organic compounds in greywater. The first objective of this 

research is about to determine the type of physiochemical and XOCs in greywater result from 

the PCPs use in hostel. The data that obtained based on experiment that conducted in 

laboratory has detected that compound that consist in the greywater sample was methyl 

paraben with the concentration of 120 μg/L. While the greywater sample after the treatment, 

the compound that have been detected is methyl paraben with concentration of 50 μg/L. 

Based from this result, after compared the concentration of allowable XOCs in chapter 2, the 

concentration that contain in greywater were low. In conclusion, the methyl paraben 

concentration that released in the aquatic life is safe. 
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ABSTRACT 

The sources of freshwater becoming decreased universally from time to time. This issue is 

leading to the advance management in order to secure the water supply resources. Therefore, 

the aim of this study is to determine the efficiency of SoDis in enhancing water quality and 

reducing bacteria load in ablution water. The observation of ablution water production was done 

in 3 days weekday and 3 days weekend on different week at University Tun Hussein Onn 

Malaysia (UTHM) Mosque. By that, the average production of ablution water on weekday is 

629.2L within 143 worshipers per day while 5398.8L on weekend within 1227 worshipers per 

day. Designation of SoDis been develop by attaching two Polyethylene Terephthalate (PET) 

plastic bottle and the both of it were attached via small size of PET plastic for water treatment. 

One of them was painted in black to enhance the UV absorption to kill the pathogen. The 

performance of SoDis was monitored from 9 am to 5 pm under sunlight to observe the 

productivity of treated ablution water. The removal efficiency of Biochemical Oxygen Demand 

(BOD) on weekday and weekend quite similar with 53% and 50%. Meanwhile for total coliform 

removal are 55% and 30%. Based on the BOD value, ablution water is not highly contaminated 

and can be reused as non-potable uses after treatment and it is possible to achieve the standard 

for irrigation. According to the production of ablution water per day, it seems significant to 

treat ablution water in securing water supply resources. 

 

Keyword: Biochemical Oxygen Demand, Bacteria Load, Greywater, Water Resources, 

Worshipers 

 

INTRODUCTION 

Water is a natural resource that is very important in everyday life. As demand for water 

increases across the globe, the availability of fresh water in many regions is likely to decrease 

because of climate change, warns the latest edition of the United Nations’ World Water 

Development Report by World Water Assessment Programme 2017. The increasing stress on 

the availability of water supply sources worldwide has led government to develop wastewater 

management strategies to secure the water resources by recycling or reusing the treated 

wastewater (Ramprasad et al., 2017).  

 Ablution water was produced particularly at mosque where the ablution ritual is 

performed by Muslims by washing several body parts with clean water (Suratkon et al., 2014). 

The ablution ritual usually takes few minutes to be complete with continuous running of clean 

water and allowing amount of water to discharge freely into drainage. The most production 

time of ablution water normally on Friday prayer and it contributed to the high production of 

ablution water (Mohamed et al., 2016). A significant amount of water is required daily for 

Masjid Sultan Ibrahim, UTHM which can accommodate at least about 3,000 people during the 

special prayer times. Masjid Sultan Ibrahim also has several facilities such as library, computer 

room, seminar room, administration room and institute of Ahli Sunnah Wal Jamaah. 
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 Ablution water is one of the greywater and it is less contaminated (Mohamed et al, 2016) 

in term of several common major parameters such as pH, Temperature, BOD, Chemical Oxygen 

Demand (COD), Total coliform and E.coli (Mamun et al, 2014). It was experimental that the 

mean values of the parameters were lower than the Ministry of Health (MOH) Standard for 

drinking water quality in Malaysia. Nevertheless, ablution water contain bacteria from ablution 

ritual which include gargle and wash certain body parts such as face, hand and feet that rise 

concern for reuse purposes (Mamun et al., 2014). The types of microbiological that usually 

contained in ablution water are total coliform and E.coli. The bacteria contain in ablution water 

will not affect the interior of human body, but dry skin is one of the most common problems of 

prolonged exposure of this type of greywater (El-naggar et al., 2015). Ibrahiem (2011) has 

stated this type of greywater is useful for toilet flushing or garden irrigation after treatment. It 

can be expected that disinfection method by using SoDIS system by the hepl of solar energy 

should be able to kill the microorganisms. 

 Solar energy can be clarified when the sun radiates the energy uniformly in all direction 

in the form of electromagnetic waves. When absorbed by body, it increases its temperature. 

Solar energy is clean, inexhaustible, massive and renewable energy (Tiwari et al., 2003). It also 

has the high potential among the all sources of renewable power and if only the small amount 

of this energy could be used, this energy sources would be the most important supplies of energy 

especially when other energy sources in the country have decreased (Metha et al., 2011). SoDIS 

system is a method of disinfecting impure water such as ablution water by using solar energy 

as a generator to turn on this system. The water that was produced by SoDIS system can be 

applied to the domestic (Butler et al, 1999), industrial and agricultural sector. 

  SoDIS is a simple and low cost technique used to disinfect contaminated water such as 

ablution water and microorganisms load in ablution water can be significantly decreased. 

Researchers have shown SoDIS to be effective against a wide range of microorganisms (Byrne 

et al., 2011). Photooxidation is a part of SoDIS treatment process and it is the acceleration of a 

photoreaction by the presence of oxidation (McGuigan et al., 2012). The photooxidation not 

only destroy a large variety of chemical contaminants in water but also cause fatal damage to 

microorganisms. E. coli was the most frequently studied microorganism for water disinfection 

studies (Malato et al., 2009), as it is an indicator of faecal contamination and reference for water 

quality. 

 

METHODOLOGY 

The ablution water samples were collected at University Tun Hussein Onn Malaysia (UTHM) 

mosque, Batu Pahat, Johor. There were six sets of samples taken from Sultan Ibrahim Mosque. 

Three sets of samples in weekdays and three sets of samples taken in weekends. The samples 

in weekdays were taken on 10th September 2017, 12th September 2017 and 14th September 

2017. Meanwhile, the sample in weekends were taken on 8th September 2017, 15th September 

2017 and 22th September 2017. After the water sampling was taken, the water sample had been 

stored in the suitable storage such as plastic container or glass container. The grab sampling 

method has been followed according which is based from APHA standards 2005. The sample 

was stored in the chiller at 4°C until further analysis and followed APHA standard 2015 for 

preservation. 

 Eighteen worshippers were randomly selected to determine the flow of water consumes 

by each worshiper as shown in Figure 1. Time spent on performing ablution by randomly 

chosen one person is measured by stopping the watch. After completing ablution, the pipe is 

left open at the same flow rate. The flow of water to a bucket at the same time is required to 

perform ablution. The samples were stored in the plastic container as presented in Figure 2. 
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Figure 1: Ablution water sample collection for each worshippers 

 

 
Figure 2: Sample storage 

 

 Figure 3 illustrated SoDis system design which was created using two plastic bottles of 

1.5 liters of mineral water and combined with two small bottles in the center of the design. One 

1.5 liter bottle is darkened using a black spray. It is sprayed with black so that the sample water 

in the blackbottle is hot during sun-dried and produces as much water as possible. While the 

other bottle is left untouched. The function of the bottle is collecting water vapor. Two bottles 

in the middle serve to transfer vapor from a dark bottle to the side of the bottle based 

Devasagayam (2015), and it was designed with black painted container. 
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Figure 3: Illustration of SoDis designation 

 

 Figure 4 shows the set up solar water disinfection SoDis under the sunlight. Ablution 

water sample was filled into black bottle and the lid was closed to prevent foreign objects from 

entering the bottle. Then, the SoDis was placed under the sun for few hours from 9 am to 5 pm 

every day and observe the productivity of treated ablution water. 

 

 
Figure 4: Presentation of SoDis model 

 

 The characteristic of water was carried out and parameter tested in this experiment were 

pH, temperature, E. coli, Total Coliform and BOD. The lab testing can be carried out within 24 

hours after water sampling. The Table1 shows the characteristic of water that will be obtained 

and the method within equipment needed to conduct all laboratory tests stated. 
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Table 1: Characteristic of water, method and standard method reference within equipment 

needed to conduct the laboratory tests. 

 

RESULTS AND DISCUSSION 

Ablution Water Production 

The ablution water production was analyzed with the respected to number of worshiper as 

shown in Table 2. In general, the ablution water was produced non-continuously. It usually 

produced about 5 times a day during Zuhr, Asr, Maghrib, Ishak and Subuh prayer where they 

are compulsorily performed by Muslim all around the world. This study was determining the 

production of ablution water on weekdays and weekends by the number of worshiper. 

 

Table 2: Number of worshiper per day on weekday and weekend 

 
 The result revealed that the number of worshiper during weekday much lower by 143 

worshipers per day to be compared with 1,227 worshipers performed the ablution ritual per day 

during weekend. The differentiation of the number of worshiper on weekday and weekend can 

be verified due to the Jumaah prayer on every weekend Friday noon (Mohamed et al., 2016). 

According to Suratkon et al., (2014), the number of worshiper also depending on working and 

lecturer schedules at the university. However the number of worshiper at Friday noon time was 

as expected. 
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Table 3: Ablution water production by per person with respected to time 

 
 

 In order to determine the production of ablution water per person, 18 worshipers have 

been picked to perform the ablution ritual. The quantity of ablution water production has been 

recorded for each worshiper by respected to time. From the experiments conducted, average 

time for a person to perform ablution ritual was 40 s by 4.4 L of ablution water produced. In 

this study, the water was continuously discharged for 40 s. Some of worshipers usually will let 

the water flow all over ablution ritual and some of water has been discharged directly into the 

drainage without contaminants (Mohamed et al., 2016). To be compared to a study conducted 

by Mohamed et al., (2016), this study was determining 5 L of ablution water produced by a 

worshiper at Pintas Puding Mosque, Parit Raja Johor within 48.5 s of water flew out. It can be 

verified that, the different volume of ablution water and time taken by a worshiper to perform 

ablution ritual at 2 different mosques were due to the water pressure from the distribution 

system (Manan et al., 2006). 

 From the investigation on the number of worshiper per day and the ablution water 

production by a worshiper, this study revealed that 629.2 L ablution water produced per day 

on weekday while 5398.8 L per day on weekend including Jumaah prayer. To avoid the 

ablution water with less contaminated goes wasted, it will be a good idea to treat the ablution 

water in order to transform the ablution water into treated water. 
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Effeciency of SoDis in Enhancing Ablution Water Quality 

The determination of the untreated and treated ablution water quality has been presented in 

Table 4. These results have responsible to reveal the efficiency of the SoDis system that has 

been conducted by this study. It shows the concentration value of selected parameters of treated 

ablution water were remarkable reduction of BOD and total coliform. 

 

Table 4: Ablution water characteristic before and after treatment of ablution water using 

SoDis 

 
The removal efficiency of water quality parameters from ablution water by SoDis were 

achievable. The removal efficiency of BOD and total coliform of ablution water reached 

relatively satisfactory values where BOD percentage removal for the weekday was above half 

with 53% while on the weekend was 50%. Comparing to the research data result from other 

researcher by Mohamed et al., (2016), this study had achieved slightly high removal of BOD 

by over 50% removal to be compared only 23% BOD removal from Mohamed et al., (2016). 

Based on the limitation from Interim National Water Quality Standards, the BOD value was 

acceptable for the Class 1V by the value of BOD below 12 mg/L. Meanwhile, the removal 

percentage of total coliform were 55% for weekday and 30% for the weekend. It shows that 

SoDis was capable to reduced total coliform or microorganism from the ablution water. 

However, total coliform values after treatment were not achieving the Interim National Water 

Quality Standards with 153 x 10^6 CFU/ml on weekday and 341 x 10^6 CFU/ml on weekend 

while the standard value should be not over 0.05 x 10^6 CFU/ml. 

 

CONCLUSION 

This study is important to determine the quality of ablution water. Whether it will meet the 

expectation of achieving the quality of water abscess after the restoration work is completed. 

Analysis of the removal water was based on analysed parameters is pH, Temperature, E. coli, 

DO, BOD and Total coliform. The quality of the ablution water Sultan Ibrahim Mosque can be 

considered satisfactory in general as it fulfils the targeted expectations because the results of 

the study indicate that there is no harmful substance and its readings are very similar to potable 

water. 

 In the water quality classification, water quality parameters have been compared with the 

Interim National Water Quality Standards. Based on the results and discussion of the data of 

ablution water quality, the pH and DO parameter is a positive effect on ablution quality work 

performed for the mosque because given the 1V class 5-9 and more than 3, it was proving that 
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water treatment can be used for irrigation activities based onInterim National Water Quality 

Standards. It is that the value of BOD achieve the National Water Quality standard limit within 

below 12 mg/L. in this study, the concentration of E.coli was not detected in untreated ablution 

water and it can be concluded that E.coli was absent in the ablution water. However, the total 

coliform value did not follow the class 1V with the value obtained after treatment was more 

than 0.05 x 10^6 CFU/ml. 
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ABSTRACT 

The efficiency of modified adsorbent produced from banana peel for the removal of lead metal 

from contaminated solution was studied in this paper. The banana peel was chosen because it 

is a low-cost adsorbent with functional groups that contribute to the adsorption of heavy metal. 

This paper focuses on the modification of adsorbent to increase the adsorption capacity of lead 

metal. The effect of different modification processes was studied and the results showed that 

the carbonization process at temperature 500°C combined with the oxidation process using 1.5 

M H2SO4 was able to achieve an adsorption capacity of 4.47 mg/g compared to the raw 

adsorbent at only 1.77 mg/g. The Fourier-Transform Infrared Spectroscopy analysis was 

applied to identify the change of functional groups that enhance the lead adsorption on the 

surface of modified adsorbents. The value of pH, adsorbent dosage and adsorption time were 

further studied to investigate the effects of operating conditions on lead adsorption using 

modified adsorbent. The optimum pH, adsorbent dosage and adsorption time were found to be 

at pH 5, 0.5 g and 80 minutes, respectively. In addition, adsorption isotherm was also studied 

to determine the interaction between active sites on the modified adsorbent and lead metal, 

where the Freundlich isotherm was found as the best-fit model compared to Langmuir isotherm. 

It can be concluded the modification of banana peel via the combined process of carbonization 

and oxidization has successfully enhanced its adsorption capacity for the removal of lead metal. 

 

Keywords: adsorption, modification of adsorbent, lead metal, banana peel 

 

INTRODUCTION 

Water pollution has become a critical issue due to the increasing industry developments that 

polluted the water resources. The contaminated water usually contains pollutants such as heavy 

metals, salts, organic and inorganic chemicals. The heavy metals refer to the metallic chemical 

components that have high densities and become poisonous at low concentrations. The heavy 

metals come from various human activities including mining and the processing of metal or any 

substances that have metal pollutants. Three common heavy metals in the contaminated water 

are lead, cadmium and mercury (Deshmukh et al., 2017). The annual production of lead metal 

is around 5 million tonnes per year and about 60% of its production is used for battery 

manufacturing, and the remaining will be utilized for different modern products (Abbaszadeh 

et al., 2016). 

 Conventionally, there are several methods to remove the heavy metal in wastewater such 

as reverse osmosis, membrane filtration, electrodialysis and adsorption (Barakat, 2011). The 

process selection is based on its performance on heavy metal removal, the treatment cost and 

the local conditions. The reverse osmosis is not suitable to treat high concentration of heavy 

metals as it will cause clog to the membranes. Electrodialysis is a separation process using ion 
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exchange concept, but this method requires clean feed and difficult to maintain as the possibility 

of stack damages is higher and needs a careful operation. 

 On the other hand, the adsorption process is a relatively low-cost process that capable to 

treat water contaminated by high concentration of heavy metals (Barakat, 2011). Adsorption 

process requires the use of adsorbent to attract the heavy metal on the surface of the adsorbent 

(Lakherwal, 2014). Recently, agricultural wastes such as fruit peels have been increasing 

applied as the cheap, efficient and renewable adsorbents for the adsorption of heavy metals ions 

from water due to the carboxyl and hydroxyl groups available on the surface (Mallampati et al., 

2015). In this study, the banana peel was used to produce adsorbent because of its potential to 

adsorb heavy metal and it is readily available without seasonal constraint. 

 Nevertheless, the raw adsorbent from agricultural wastes may need to be activated in 

order to increase its performance for heavy metal adsorption. There are two types of processes 

commonly used to activate the adsorbent, i.e. physical activation and chemical activation. The 

physical activation uses oxidizing gases such as steam, carbon dioxide and air, while the 

chemical activation uses a chemical agent by impregnating the raw material with it (Ahmida et 

al., 2015). In comparison, the chemical activation has more advantages than physical activation 

as it only needs a single step of activation and the process can be run under low temperatures. 

Moreover, the combination of chemical activation and carbonisation processes will produce 

good porous structure and increase its performance of adsorption (Ioannidou & Zabaniotou, 

2007). Thus, the present study was aimed to attempt and adopt the chemical activation and 

carbonization process in enhancing the lead removal using the adsorbent prepared by banana 

peels. 

 

MATERIALS AND METHODS 

Materials 

Banana peels were obtained from the local market. Lead (II) nitrate, sodium hydroxide, 

hydrochloric acid and sulphuric acid were purchased from Sigma. 

 

Methods 

Preparation of Lead (II) Nitrate Stock Solution 

The lead solution was prepared by dissolving lead (II) nitrate, Pb(NO3)2 with distilled water up 

to mark of 1 L volumetric flask to get 1000 mg/L of stock solution. The stock solution was then 

diluted to the desired concentration for each experiment. 

 

Preparation of Raw Adsorbent from Banana Peels 

The banana peels obtained from the local market were washed to eliminate any dust, oil and 

muck using distilled water. Then, the samples were dried in an oven at 105°C for 24 hours. 

Next, the dried samples were ground and sieved to 200 μm using sieve shaker. The samples 

were then placed in an air-tight container until further use. 

 

Modification of Adsorbent 

The raw adsorbent from banana peel was modified using (i) carbonization process, (ii) 

oxidization process, and (iii) the combined process of carbonization and oxidization. For 

carbonization process, the raw adsorbent was heated at 500°C for 2 hours. For oxidization 

process, the raw sample was oxidized in 1.5 M H2SO4 for 24 hours. The oxidized adsorbent 

was then filtered, washed with distilled water and adjusted to pH 7 using 0.5 M NaOH and 0.5 
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M HCl. The adsorbent was dried in oven at 105°C for 24 hours. For the combined process of 

carbonization and oxidization, the raw adsorbent was first heated at 500°C for 2 hours, cooled 

to room temperature, and then oxidized with 1.5M H2SO4 for 24 hours. The adsorbent was 

then filtered, washed with distilled water, adjusted to pH 7, and dried in oven at 105°C for 24 

hours. 

 

Characterization of Adsorbents 

The characteristics of the raw and modified adsorbents from banana peel were analysed using 

Fourier-Transform Infrared Spectroscopy to identify the functional groups on the surface of 

adsorbents. 

 

Effect of Modification Processes on Lead Adsorption 

Two grams of raw adsorbent was added to 100 mL of lead (II) nitrate solution at a concentration 

of 100 mg/L and pH 7. The sample was agitated for 120 min at 25°C for lead adsorption. The 

final concentration of lead ion in the sample was then measured using Atomic Absorption 

Spectrophotometer. The experiment was repeated using different modified adsorbents prepared 

by the previous methods. The adsorbent that showed the highest adsorption capacity would be 

further investigated for its potential in removing lead metal under various operating conditions. 

 

Effect of pH on Lead Adsorption 

The experiment was performed using 100 mL of 100 mg/L lead (II) nitrate solution in a 250 

mLbeaker. The pH was adjusted in the range of pH 3 – 9 using 0.5 M NaOH or 0.5 M HCl. 

Two grams of adsorbent was added into the solution and stirred for 120 min at 25°C. The final 

concentration of lead ion was measured to determine the adsorption capacity at different pH. 

 

Effect of Adsorbent Dosage on Lead Adsorption 

The study was conducted at different amount of adsorbent ranging from 0.5 – 2.5 g. A 100 mL-

lead(II) nitrate solution at 100 mg/L was adjusted to the optimum pH determined from the 

previous experiments. The sample was stirred for 120 min at 25°C and the final concentration 

of lead ion was measured to determine the adsorption capacity at different adsorbent dosage. 

 

Effect of Contact Time on Lead Adsorption 

An optimum amount of adsorbent determined previously was added to a 100 mL-lead(II) nitrate 

solution at 100 mg/L, pre-adjusted to the optimum pH determined from the earlier experiments. 

The adsorption experiments were run at 25°C under different contact times up to 180 min, and 

the final concentration of lead ion was measured to determine the adsorption capacity at 

different contact times. 

 

Determination of Adsorption Capacity 

The capacity of lead adsorption by adsorbents from banana peel was calculated using Eqn. 1. 

 
Where 

qe = adsorption capacity per gram of adsorbent, mg/g 

C0 = initial concentration of Pb(II), mg/L 
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Ce = concentration of Pb(II) at equilibrium, mg/L 

V = volume of the solution, L 

W = mass of the adsorbent used, g 

 

Adsorption Isotherm Study 

Isotherm study was carried out by testing the adsorption capacity with different initial 

concentration of lead(II) nitrate solution. The experimental data were used to plot graphs for 

Langmuir and Freundlich isotherms according to Eqns. 2 and 3, respectively, to identify the 

best-fit model. 

 
Where 

qm = maximum monolayer adsorption capacity, mg/g 

KL = Langmuir constant 

KF = Freundlich constant 

1/n = adsorption intensity 

 

RESULTS AND DISCUSSION 

Effect of Modification Processes on Lead Adsorption 

In this study, the capacity of lead adsorption by raw adsorbent from banana peel was compared 

with the modified adsorbents produced through carbonization process, oxidation process, and 

the combined process of both. As shown in Fig. 1, the adsorption capacity of lead metal by raw 

adsorbent was 1.77 mg/g, increased to 2.90 mg/g for the adsorbent modified by carbonization 

process, 4.30 mg/g for oxidization process, and 4.47 mg/g for the combined process. 

 As depicted in Fig. 2, the FTIR analysis of raw adsorbent showed a strong peak at 3400 

cm-1 for hydroxyl group. The amide group was also observed at peak 2365.40 cm-1 while the 

S=O stretch for sulfate and sulfoxide group were noticed at 1398.81 cm-1 (Chatterjee et al., 

2016). The C=O stretch at 1055.89 cm-1 was referred to the carboxyl group (Abbaszadeh et al., 

2016). However, not all the functional groups in raw adsorbent contributed to the adsorption of 

lead, e.g. sulfoxide group. Therefore, the modification of adsorbent was proposed to enhance 

the adsorption efficiency. 

 According to Ahmida et al. (2015), the carbonization process would increase the degree 

of pyrolysis and remove the sulfoxide group that might disrupt the adsorption process. For the 

adsorbent modified by carbonization process, as shown in Fig. 3, the peak at 3409.72 cm-1 for 

hydroxyl group has increased compared to the raw adsorbent, while the sulfoxide group that 

initially presence in the raw adsorbent was eliminated during carbonization process. 

 Meanwhile, adsorption capacity of the oxidized adsorbent was found to be higher 

compared to the raw and carbonized adsorbents since it has stronger hydroxyl group and alkene 

group, as shown in Fig. 4, which help the ion exchange process between H+ ion and lead ion. 
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 However, the oxidized adsorbent cannot be stored for a long time as its moisture content 

increased even it was store in the air-tight container. Moreover, the oxidized adsorbent was hard 

to dry and became solid form compared to the carbonized sample in powder form. 

 Subsequently, the combined process of carbonization and oxidization was attempted to 

produce the long lasting adsorbent with enhanced adsorption capacity. Results indicated that 

the adsorbent modified by the combined process has achieved the highest adsorption capacity 

compared to other adsorbents. It was also verified by the FTIR analysis in Fig. 5, where the 

amount of hydroxyl group that contributed to the adsorption of lead ion have increased after the 

modification process. Thus, the combined modification process has proven to be efficient and 

was further studied to investigate the effects of various operating parameters on the lead 

adsorption. 

 

Figure 1: Effect of modification process on lead adsorption 

 

 
Figure 2: FTIR spectrum of raw adsorbent 
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Figure 3: FTIR spectrum of adsorbent modified by carbonization process 

 

 
Figure 4: FTIR spectrum of adsorbent modified by oxidization process 

 

 
Figure 5: FTIR spectrum of adsorbent modified by combined process of carbonization and 

oxidization 
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Effect of pH on Lead Adsorption 

As shown in Fig. 6, lead adsorption by the adsorbent modified via the combined process 

increased from pH 3 to 5. The maximum adsorption capacity of 4.21 mg/g was observed at pH 

5, and it decreased at higher pH values. The higher pH retarded the adsorption process as it 

produced precipitates that hindered the adsorption of lead ions on the active sites. Nevertheless, 

the lower pH condition also depressed the adsorption process as there was high competition 

between lead ions and H+ ions to adsorb on the adsorbent surface. Therefore, a moderate value 

of pH 5 has been identified as the optimum pH for lead adsorption. 

 
Figure 6: Effect of pH on lead removal 

 

Effect of Adsorbent Dosage on Lead Adsorption 

As depicted in Fig. 7, the adsorption capacity decreased from 17.08 mg/g to 2.82 mg/g when 

the adsorbent dosage increased from 0.5 g to 3.0 g. Generally, an increasing amount of 

adsorbent will provide higher surface area and more active sites for lead adsorption. However, 

the increase of adsorbent dosage will also cause aggregation or overlapping to occur on the 

adsorption sites and the adsorbent might then become saturated (Wang & Chen, 2009). Thus, 

0.5 g of modified adsorbent was identified as the optimum amount for lead removal from 100 

mL of lead contaminated solution. 

 

 

Figure 7: Effect of adsorbent dosage on lead adsorption 
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Effect of Contact Time on Lead Adsorption 

The adsorption is normally expected to increase as the contact time increases. Nevertheless, as 

illustrated in the Fig. 8, the adsorption capacity increased to 4.32 mg/g when the contact time 

proceeded to 80 minutes, and remained constant as the adsorption continued to 180 minutes. 

The initial increase of lead adsorption was due to the higher availability of unsaturated active 

sites on the adsorbent surface for lead adsorption, but gradually decreased as the amount of free 

actives sites exhausted (Abbaszadeh et al., 2016). 

 

 

 
Figure 4.8: Effect of contact time on lead adsorption 

 

Adsorption Isotherm Study 

Adsorption study is important to investigate the interaction between active sites and lead metal 

as well as the surface capacity of the adsorbent (Anwar et al., 2010). Two common adsorption 

isotherms, i.e. Langmuir and Freundlich models were studied to examine the adsorption 

behaviour of lead metal to the modified adsorbent from banana peel. The Langmuir model is 

based on the assumption where the monolayer adsorption process occurs on a homogeneous 

surface and ignore their related interactions between the adsorbed molecules (Mukherjee et al., 

2018). On the other hand, the Freundlich isotherm is an empirical relation between the 

oncentration of an adsorbate on the adsorbent surface to the concentration of the adsorbate in 

aqueous solution. 

 Based on the slope and intercept of Langmuir model in Fig. 9, the maximum adsorption 

capacity, qm and the Langmuir constant, KL were found to be 2.97 mg/g and 1.41 g/L, 

respectively. From the plot of Freundlich model in Fig. 10, the Freundlich constant, KF was 

found to be 1.08, whereas the value of n was 3.30, which indicated that it was a favourable lead 

adsorption using the modified adsorbent. Meantime, the correlation coefficient, R2 is determine 

to describe how good the isotherm models fit the set of observations. The value of R2 for 

Freundlich model at 0.995 was found to be higher than the Langmuir model, indicating that the 

adsorption of lead on the modified adsorbent was best described by the Freundlich isotherm. 
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Figure 9: The plot of Langmuir isotherm 

 

 
Figure 10: The plot of Freundlich isotherm 

 

CONCLUSION 

In this study, the banana peel that usually disposed as agricultural waste was reused to transform 

into a useful adsorbent for lead removal from the contaminated solution. The functional groups 

on the adsorbent from banana peel play an important role in the adsorption of heavy metal, and 

its adsorption capacity can be further enhanced via carbonization and oxidization processes. 

Results of FTIR had proven the modified adsorbents were able to achieve higher adsorption 

capacity due to the increase of functional groups. Besides, the combined process of 

carbonization and oxidization was found to produce adsorbent with higher adsorption capacity 

compared to the adsorbent modified by single carbonization or oxidization process. Meantime, 

the effect studies showed that the adsorbent modified by the combined process could achieve 

the optimum adsorption at pH 5, 0.5 g of adsorbent and 80 minutes of adsorption time. From 

the adsorption isotherm study, lead adsorption by the modified adsorbent fitted better to the 

Freundlich isotherm than the Langmuir isotherm. As a conclusion, the modified adsorbent from 

banana peel with enhanced adsorption capacity has shown its great potential to be used for lead 

removal from the contaminated solution.  
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ABSTRACT 

In Malaysia, concerns exist in relation to the presence of physiochemical and xenobiotic organic 

compounds (XOCs) in laundry greywater (LGW). The aim of this study was to identify the 

physiochemical and XOCs characteristics of LGW and evaluate the efficiency of using solar 

water distillation (SWD) for LGW treatment. The presence of physiochemical pollutants and 

XOCs was removed using the SWD treatment. LGW samples were collected from three 

different building blocks which are block A, B and D at Perwira Residential College, Parit Raja, 

Johor. An SWD treatment model was designed and developed using Polyethylene 

Terephthalate (PET) plastic bottles. The SWD treatment model and raw LGW were dried under 

the sun from 8 a.m. until 5 p.m. daily. Both raw and treated LGW were collected and tested for 

physiochemical parameters and XOCs. The results showed that the highest biochemical oxygen 

demand (BOD) removal was 90.8% in block B whereas the highest chemical oxygen demand 

(COD) removal was 98.9% in both block A and block D. It achieved a total suspended solid 

(TSS) removal of 100% and a turbidity removal of 98.4% in block A. On the other hand, the 

gas chromatography-mass spectrometry (GC-MS) results showed that the highest XOC 

removal was 84.1% of camphor. It can be concluded that the SWD treatment is effective for 

reducing contaminants in LGW. 

 

Keyword: Biochemical Oxygen Demand, Gas Chromatography-mass Spectrometry, 

Chemical Oxygen Demand, Students, Sunlight 

 

INTRODUCTION 

Malaysia receives substantial rainfall of approximately 2600 mm annually. However, it is still 

unable to cope with the increasing demand for freshwater (Danial et al., 2016). Greywater refers 

to wastewater generated by households, buildings and certain industries, except wastewater 

from the domestic sewerage system. Landscape and agricultural irrigation using untreated 

greywater can potentially influence soil quality and pose serious health risks to humans (Finley 

et al., 2009). Besides, untreated greywater discharge can lead to the pollution of water bodies 

(Rogé et al., 2016). Since lakes and rivers are major water resources for potable water, water 

pollution caused by untreated greywater discharge has made the production of potable and 

useable water even more challenging (Etchepare et al., 2018). 

 Laundry products are expected to be one of the major sources of XOCs in municipal 

greywater. It is wise to know the different characteristics of greywater produced by different 

consumers as the methods for removing XOCs may differ from region to region (Eriksson et 

al., 2003). Although many of the XOCs are able to be biodegraded by several types of 

microorganisms, but some microorganism is resistant. This is because most household 

chemicals and personal care products produced to meet consumer demands have long lasting 
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expiry dates, causing them to be chemically inert and biological stable as they are not 

recognised as substrates by existing degradative enzymes (Eriksson et al., 2002).  

 Several studies regarding the physiochemical characteristics of greywater have been 

conducted (Noutsopoulos et al., 2015). It was found that laundry greywater had unacceptably 

high chemical and physical parameters compared to the standard wastewater irrigation 

guidelines (Merz, 2008). Yet, the physiochemical characteristics of the alternative greywater 

sources reported are rather controversial due to the presence of particular compounds in laundry 

products (Merz, 2008). However, untreated household greywater was not encouraged to be 

reused for any other purposes due to the potential hazards of human toxicity or ecotoxicity 

(Andreadakis et al., 2015). Xenobiotic organic compounds (XOCs) in greywater may come 

from sources including laundry washers, kitchen sinks, and showers. The treatment of XOC in 

greywater is an increasingly urgent matter which should be resolved in order to curb water 

shortage and pollution (Rogé et al., 2016). Among the different types of pollutants, XOCs may 

physiologically affect people, animals including vertebrates and invertebrates, as well as the 

ecosystem as a whole (Rogé et al., 2016). Eventually, it can cause negative impacts on the 

aquatic ecosystem such as the loss of habitat and biodiversity, development of microbiological 

resistance, feminisation of fish, and XOC accumulation in soil, plants and animals (Rogé et al., 

2016). The use of greywater for irrigation purposes on grown crops and fancy plants is causing 

the serious deterioration of soil and groundwater quality due to the toxicity of XOCs. Some of 

these XOCs are resistant to natural biodegradation as they are chemically and biologically inert. 

Therefore, solar water distillation (SWD) has been seen as emerging potential treatment for 

degrading organic pollutants in greywater. Thus, this study focuses on the investigation of XOC 

degradation using SWD.  

 SWD has been introduced in 1872 by Carlos Wilson, the creator of the first sun-powered 

desalination plant. Many researchers have been improving this method ever since it was first 

developed. The SWD method uses direct solar radiation to purify dirty water by heating the 

water until its evaporation point (Gulyas et al., 2013). Water vapour will form, condense and 

finally be collected in a distillate tank. As water has a lower vaporisation point, most of the 

chemical contaminants in drinking water will be left behind through this process. Therefore, a 

simpler solar water distiller is capable of removing salts, bacteria, heavy metals and many other 

contaminants from polluted water (Thomas et al., 2009). 

 The use of SWD for purifying different types of water has been reported by many 

researchers. However, only a few studies on the use of basic SWD for purifying greywater exist 

(Hartwig et al., 2012). In fact, most of the research studies have reported the successful removal 

of salt from seawater for potable water production. One of the significant examples is the Al-

Khafji solar esalination plant. It is currently the world’s largest solar desalination plant in Saudi 

Arabia (KSA) which produces 600,000 gallons of water per day (GDP) (El-Ghonemy et al., 

2017). Different SWD designs and methods included the use of black containers, spherical solar 

stills, pyramid solar stills and customised solar stills (Arunkumar et al., 2012; Devasagayam, 

2015; Narula et al., 2017). Meanwhile, this study focuses on the use of SWD for enhancing 

greywater quality. 

 

METHODOLOGY 

In order to maximise the efficiency of the system, an SWD system was designed and developed 

using one 1.5 litre Polyethylene Terephthalate (PET) plastic bottle and one 500 millilitre PET 

plastic bottle. A model of the SWD system is shown in Figure 1. The bottom of the 1.5 litre 
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bottle was painted black so that the feed water container has a better ability to absorb solar heat. 

On the other hand, the 500 millilitre bottle on the top acts as a condenser to collect water vapour. 

The Polyvinyl Chloride (PVC) plastic pipe in the middle allows vapour to escape from the 

bottom feed bottle to the upper condensing bottle. A parabolic surface covered with aluminium 

foil was used to focus the sunlight on the bottom feed bottle and increase the speed of heating 

the feed water. In addition, the PET plastic bottle. A model of the SWD system is shown in 

Figure 1. The bottom of the 1.5 litre bottle was painted black so that the feed water container 

has a better ability to absorb solar heat. On the other hand, the 500 millilitre bottle on the top 

acts as a condenser to collect water vapour. The Polyvinyl Chloride (PVC) plastic pipe in the 

middle allows vapour to escape from the bottom feed bottle to the upper condensing bottle. A 

parabolic surface covered with aluminium foil was used to focus the sunlight on the bottom 

feed bottle and increase the speed of heating the feed water. In addition, the upper condensing 

bottle was wrapped with aluminium foil which acts as a reflective surface of solar heat which 

further enhances the condensing efficiency of the condensing bottle. This SWD system was left 

under the sunlight from 8am to 5pm. The resulting vapour collected was taken and stored in a 

PET bottle and tested in the lab. 

 

Figure 1: SWD design using PET bottles 

 
Figure 2: The ongoing SWD treatment process. 
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The physiochemical characteristics of laundry greywater were tested before and after the SWD 

process. In order to determine the physiochemical characteristics of water, laboratory tests were 

conducted to examine parameters such as BOD, COD, dissolved oxygen (DO), pH, TSS, 

temperature and turbidity. Standard Methods for the Examination of Water and Wastewater, 

541 from APHA/AWWA/WEF, 2012 were used as guidelines to conduct the laboratory tests. 

In order to determine the XOCs characteristics of laundry greywater, liquid sample extraction 

was performed. An Agilent GC-MS instrument was used for measurement to identify the XOCs 

which are present in laundry greywater. 

 

Table 1: Standard methods and equipment required to conduct the laboratory tests 

 
 

RESULTS AND DISCUSSION 

Physiochemical Characteristics of Laundry Greywater 

The removal efficiency of physiochemical pollutants using the SWD treatment system reached 

relatively high values. It achieved a BOD removal rate of 90.8% for the laundry greywater 

sample from block B. However, the BOD removal rate in laundry greywater was lower than the 

ones in previous studies of 2.6 mg/L (Ghrair et al., 2015) and 0.6 mg/L (Sivakumar et al., 2017) 

which achieved BOD removal rates of 95.7% and 99.0%, respectively. This study achieved a 

slightly higher COD removal of 98.9% in both block A and block D. In comparison, the TSS 

removal rates from previous studies Sivakumar et al., (2017) and Ghrair et al., (2015) were 

96.7% and 92.2%, respectively. However, this study achieved a TSS removal rate of 100%. 

The best removal rate was found to be from block A with a turbidity removal rate of 98.4%.  
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Table 2: The mean and standard deviation results of the physiochemical pollutant test for 

treated laundry greywater 

 

 
 

XOC Characteristics of Laundry Greywater 

Table 3 shows the concentration of XOCs from all three laundry greywater samples. The XOC 

guidelines referred to the regulation values set by the World Health Organisation (WHO) 

(Etchepare et al., 2015; Gorchev et al., 2011). Several XOCs, namely benzoic acid, camphor, 

phenol, toluene and phenoxy ethanol were detected using the GC-MS method. In general, all 

the concentrations of XOCs decreased after the SWD treatment. The removal percentage of 

XOCs ranged between 28.89 % and 84.09 %.  

 Benzoic acid is a simple aromatic carboxylic acid, the derivative of a phenolic-based 

compound, which serves as a preservative and antioxidant in laundry products (Eriksson et al., 

2003). Long exposure to this chemical compound may have an estrogenic effect on humans and 

immature female characteristics of animals (Johnson et al., 2017). Table 3 shows the 

concentrations of benzoic acid for both raw and treated laundry greywater samples were 19000 

μg/L and 4200 μg/L, respectively. It achieved a removal percentage of 77.89 % for XOCs. Both 

raw and treated sample benzoic acid concentrations did not exceed the benchmark values 

provided by the XOC guidelines, which is a limit of 30000 μg/L. Thus, it shows that the benzoic 

acid concentration in the treated samples complied with the standards. 

 Next, camphor is a white flammable solid with a strong aroma which is normally used as 

fragrance in various laundry products (Narayan et al., 2012). It is a toxic chemical compound 

which can be fatal for infants and children when it is ingested in small doses (Narayan et al., 

2012). Table 3 shows that the concentration of camphor of both raw and treated laundry 

greywater samples were 11000 μg/L and 1750 μg/L, respectively. It achieved the highest 

removal percentage of 84.09 % for XOCs. The camphor concentrations for both raw and treated 

samples did not exceed the benchmark values provided by the XOC guidelines, which is a limit 
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of 12000 μg/L. Thus, it shows that the camphor concentration in the treated samples complied 

with the standards. 

 On the other hand, phenol is an aromatic organic compound present in white crystalline 

solid form. It is highly irritating to the skin, eyes, and mucus membranes in humans, which may 

lead to irregular breathing, cardiovascular effects, kidney and liver diseases and even coma 

(Tijani et al., 2013). Table 3 shows that the phenol concentrations of both raw and treated 

laundry greywater samples were 15500 μg/L and 8450 μg/L, respectively. It achieved a removal 

percentage of 45.48 % for XOCs. The phenol concentration of both raw and treated samples far 

exceeded the benchmark values provided by the XOC guidelines, which is a limit of 600 μg/L. 

Thus, it shows that the phenol concentration in the treated samples did not comply with the 

standards. 

 Meanwhile, toluene is an aromatic hydrocarbon solvent. It is often added to laundry 

products and acts as a solvent (Eriksson et al., 2003). Acute exposure to toluene has been 

reported to affect the central nervous system as well as the respiratory system among humans 

and animals (Gorchev et al., 2011). Table 3 shows that toluene concentrations in both raw and 

treated laundry greywater samples were 8850 μg/L and 4200 μg/L, respectively. It achieved a 

removal percentage of 52.54 % for XOCs. 

The toluene concentration for which both raw and treated samples far exceeded the benchmark 

values provided by XOC guidelines, which is a limit of 480 μg/L. Thus, it shows that the toluene 

concentration in the treated samples did not comply with the standards. 

 Phenoxy ethanol is an aromatic ether which is used in laundry products as a preservative 

and antioxidant (Braga et al., 2014; Eriksson et al., 2003). The toxicity of this chemical 

compound has been reported to affect respiratory and dermal systems among humans and 

animals (Tijani et al., 2013). Table 3 shows that the phenoxy ethanol concentrations of both 

raw and treated laundry greywater samples were 9000 μg/L and 6400 μg/L, respectively. It 

achieved the lowest removal percentage of only 28.89 % for XOCs. The phenoxy ethanol 

concentration in both raw and treated samples far exceeded the benchmark values provided by 

the XOC guidelines, which is 180 μg/L. Thus, it shows that the phenoxy ethanol concentration 

in the treated samples did not comply with the standards. 

 

Table 3: XOCs concentrations in both raw and treated laundry greywater 
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CONCLUSION 

The SWD treatment system exhibited a high efficiency for reducing chemical oxygen demand 

(COD), total suspended solids (TSS) and turbidity which complied with the standard 

requirements of the Interim Nation Water Quality Standard (INWQS) Class IV for the use of 

irrigation activities. It was proven that the removal percentages for COD, TSS and turbidity 

ranged from 98.6% to 98.9%, 94.9% to 100.0%, and 95.2% to 98.4%, respectively. Moreover, 

the SWD treatment system has the ability to increase the concentration of dissolved oxygen 

(DO) in treated greywater, neutralise the pH and alkalinity of laundry greywater, and balance 

the water temperature of treated laundry greywater to meet the standard limits of INWQS Class 

IV. However, the SWD treatment achieved a BOD removal rate ranging between 85.9% to 

90.8% where the BOD value of the treated laundry greywater ranged between 16 mg/L to 25 

mg/L. It showed that the BOD value of the treated laundry greywater decreased but it was still 

not low enough to comply with the standard limits required for the use of irrigation activities 

(<12 mg/L). Furthermore, the GC-MS test results showed that the removal percentage of XOC 

concentration ranged between 28.9% and 84.1%. All the concentrations of XOC in the laundry 

greywater samples decreased after the SWD treatment. Two (2) out of five (5) of the XOC 

concentrations were low enough to comply with the XOC guidelines. However, the treatment 

system should be implemented together with additional treatment features such as the greywater 

photocatalytic degradation system since SWD is cost-effective, eco-friendly and sustainable. 

SWD with additional features may produce more convincing results for the removal of XOCs 

from laundry greywater. 
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ABSTRACT 
Due to the rapid growth of construction industry, the natural aggregates from quarries and rivers 

are highly utilized thus increasing the environmental concerns such as deforestation, land 

mining and pollutions. Therefore valorisation of resources are important to create living 

sustainability. The main aim of this study is to investigate the performance of oyster shell as 

partial aggregates replacement in pervious concrete mixture. Oyster shells was selected due to 

its volume and chemical characteristics. Oyster shells consists of 95% - 99% by weight of 

calcium carbonate (CaCO3); an active ingredient in masonry and cement manufacturing. The 

study was carried out by substituting the coarse gravel aggregates in the conventional concrete 

formulation with 10%, 20%, 30% and 40% semi-crushed pre-treated oyster shells. Primary 

concrete parameters such as pH, carbonation depth, sorptivity, compressive strength and 

permeability were studied for periods of 52 days. The studies revealed that all modified 

specimens are performing better than control specimens and the performance of pervious 

concrete were directly proportional with the amount of substitutions. The addition of calcium 

carbonate in the mixture proved to increase the physical performance. However, the rapidly 

gained initial compression strengths were decrease after 28 days. Aggregates replacement 

percentage is beneficial not only for environmental purposes but also acceleration rate of pH, 

carbonation and compressive strength. However, modification is not required if the specifier is 

looking for the increase of sorptivity and permeability performance. This study have shown 

great potential of oyster shells as one of the alternative materials to be utilized in construction 

industry. In addition, the development of pervious concrete could be an alternative 

environmental solution that could lessen the burden of urban storm water management.   

 

KEYWORDS: Aggregates, Pervious concrete, Oyster shell 

 

1 INTRODUCTION  

In concrete mixing, aggregates are defined as granular materials used in construction that may 

be natural, synthetic, manufactured or recycled (British Standards 2002; Kelley, 2009; Vignesh, 

2015). Aggregates accounts for 60% - 75% of the total concrete volume and cheaper than 

binder. Therefore using as much aggregates as possible is favourable to the specifier and 

eventually will reduce the cost (Jackson & Dhir, 1996). Therefore, aggregates must be chosen 

carefully based on its type, size and physical properties that will affect the material and 

construction process (Allen et al., 2003). Generally, aggregates are divided into two types; fine 

(e.g. natural sands) and coarse (e.g. gravels). However, other materials such as crushed shell, 

crushed rocks, sandstone and reused concrete are also frequently adopted for specific purposes 

(Gibbons et al., 2003). Aggregates can improve the stability and durability of the resulting 

mortar, and must ideally be free from silt and clay to eliminate the possibility of failure. 

 

The properties of fresh mixed concrete is mainly influenced by the aggregates’ particle shape 

and its surface texture. In order to produce a workable concrete, the rough textured, angular and 
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elongated aggregates are vital for selection. This features however requires additional water 

during the mixing. Therefore, the cement content is also increases to maintain the water-cement 

(w/c) ratio. The amount of cement paste for angular aggregates mixing is usually influenced by 

void content between particles. As the amount of larger sizes of well-graded aggregate, the void 

content in concrete mixture increases. As mention by Jain et al. (1963) and Mrakovčić (2014), 

the course aggregate is kept to a narrow gradation to increase void contain in pervious concrete. 

Factors such as absorption and surface moisture of aggregates must be considered during 

selection. This is because the internal structure of aggregate is made up of both solid material 

and voids that may or may not contain water. Therefore, the amount of water in the mixture 

must be accustomed to include the moisture conditions of the aggregate. 

 

2 OYSTER SHELLS AS ALTERNATIVE AGGREGATES 

Living in a coastal nation, Malaysian consumed approximately 1.6x106 metric tons of seafood 

every year (Aruna, 2014). Even though being harvested seasonally and weather dependent, 

oyster is one of the delectable shellfish farming that contributes to the Malaysian fisheries 

economy especially in Northern Peninsular and Sabah (Tan et al., 2014). In Sabah, nearly all 

of 344 registered culturists rearing pearl oysters for the sake of the gems and the meat is just 

the secondary product (Loh, 2016). Figure 1 presents the Malaysian oyster production and its 

market value from 2009 – 2013 (Department of Fisheries, 2013). 

 

 
Figure 1. Oyster production and market value in Malaysia 2009-2013 (DOF, 2013) 

 

Even though the oyster industry has impressively contributed to the development of fisheries 

economy, it also associated with serious environmental problems like mangrove forest 

ecosystem disturbance and the disposal of oyster shell waste. It was well documented oyster 

shell wastes have becoming an environmental concern and impending issue in coastal areas and 

landfills  (Yang et al., 2010; Wang et al., 2013; Kuo et al., 2013). The inappropriate disposal 

method can decreases the water quality thus obstructing the growth of shellfish (Folke & 

Kautsky, 1989). In addition, oyster shell waste that has been discarded and/or untreated for 

extended amount of time can be a source of offensive odour as a results of the decay of the 

oyster meat or the microbial decomposition of salts into gases such as ammonia, hydrogen 

sulphide and amines (Hamester et al., 2012). These by-products, in which consist of 90-95% of 

the total oyster’s weight, are being perceived as no commercial values and discarded (Cox, 

2009). On the contrary, chemical and microstructure analyses revealed that oyster shells are 

predominantly composed of calcium carbonate (CaCO3) and other mineral compounds as 

shown in Table 1 (Liang & Wang, 2013). 
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Table 1. Chemical composition of oyster shell (Liang & Wang, 2013) 

Type of 

compound 

CaCO3 SiO2 MgO Al2O3 SrO P2O5 Na2O SO3 

Amount (%) 95.994 0.696 0.649 0.419 0.33 0.204 0.984 0.724 

 

Oyster shells consists of both calcite and aragonite depending on the organism’s proteins 

content as shown in Figure 2 (Choi & Kim, 2000). Yoon et al. (2003) and Yoon et al. (2004) 

investigations on oyster shells by using X-ray Powder Diffraction (XRD) analysis, they found 

that the mineral phase of calcium carbonate is calcite. Zhong et al. (2012) enlisted beneficial 

physical characteristics of oyster shells as high amount of micro pores, high strength, light in 

mass, low density, low heat conductivity and resistance to weathering. The simplified oyster 

shell physical characteristics are shown in Table 2 (Weismantel, 1999). 

 

 

Figure 2. Scanning electron microscopy (SEM) images of oyster shell: (a) outer layer - calcite 

(b) centre layer - calcite (c) inner layer - calcite (d) myostracum – aragonite (Choi & Kim 

2000) 

 

Table 2. Oyster shell physical characteristics (Weismantel, 1999) 

Hardness (Mohs) 3.0 

Refractive Index 1.658 

Specific Gravity 2.65 – 2.72 

Colour White to off-white 

Particle size (μm) 0.07 -200 

   

The ideal solution is to transform the waste into a product that is both beneficial and 

economically feasible. Oyster shells, especially the valve section is highly calcified (Miller et 

al. 2009). Therefore it has a high potential to be used as a liming material in agriculture, 

alternative aggregates and binder in construction and removal of heavy metals from wastewater 

(Tongamp et al., 2008; Othman et al., 2013). Oyster shell wastes also used as source of calcium 

carbonate in fertilizers and chicken feed, but not widely commercially known.  

 

Previous researches has been undertaken into oyster shells wastes as construction materials 

(Jegatheesan et al., 2009; Barros et al., 2009; Yang et al., 2010; Liang & Wang, 2013; Ohimain 

et al., 2009). Evaluation of the physical properties of the oyster shell has been undertaken. For 

example, Miyaji & Okamura (2000) studied about crushed oyster shells and sand combination 

to improve soil stability. Lee et al. (1998) and Terada et al. (2002) applied physical tests and 

numerical methods to study the permeability and compaction properties of dredged clays and 
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crushed oyster shells. In studies which set out to determine the possibility of oyster shells as 

aggregates, Yoon et al. (2004) found that there was no significant reduction in the compressive 

strength of the mortars containing small particles of oyster shell instead of sand.  

 

3 MATERIALS AND METHODS 
This study was set out to investigate the correlation between substitution of natural calcium 

carbonate aggregates (oyster shell) and pervious concrete performance through physical and 

chemical characteristics tests. The laboratory test procedure were based on BS EN 12350-

1:2009, BS EN 12350-2:2009 and BS EN 12350-6:2009. 

 

3.1 Raw Materials 

The control and modified specimens were manufactured by using Lafarge Ordinary Portland 

Cement (Type I), well graded gravel (4.5 mm), local harvested oyster shell and distilled water. 

Distilled water was used to ensure that salts and other impurities were removed from the water. 

This was necessary to achieve control of variables and ensure precise results in any testing. 

 

3.1.1 Oyster shell  

In this study, tropical oyster (Crassostrea iredalei) shells waste were selected.  The oyster shells 

were first treated by immersing the shells in boiling water and scrubbed with a clean toothbrush 

to remove the attached organic and inorganic substrate. After washing process was done, the 

oyster shells were air dried for 12 hours (Adegoke & Adewuyi, 2008). The shells then calcined 

at the temperature of 550°C for 2 hours (Chiou et al., 2014). The calcined oyster shells then 

crushed and sieve in according to BS 812: Part 103.1:1985. Three appropriated sizes of sieve 

were selected; 5.6 mm, 4.5 mm and 3.5 mm (Figure 3). The sieves were assembled with a 

receiver at the bottom in increasing size from bottom to top. Next, the sieve was manually 

operated for a 30 seconds to separate the oyster into the different size fractions until no more 

material passes. 

 

 

Figure 3. Oyster shell after sieved process (a) 5.6 mm; (b) 4.0 mm; (c) 3.5 mm 

 

3.2 Specimens Manufacturing 

The concrete rheological properties were obtained through slump test. Slump test was 

conducted to get an ideal amount of water during mixing process to achieve normal consistency 

and good workability of concrete (BS EN 12350-2:2000). The raw materials were mixed 

together by using 1:4 ratio (1 part of cement with 4 parts for gravel) and water to cement ratio 

(w/c) of 0.29 (Rogge, 2013). The results of slump test is shown in Figure 4.  
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Figure 4. Slump test results for pervious concrete control formulation 

 

For modified mixing, the oyster shells were directly substituted for the natural coarse aggregate 

at 10%, 20%, 30% and 40% (R10, R20, R30 and R40 respectively) by mass. Equation obtained 

from the slump test was used as the precursor for modified formulations. Table 3 below shows 

the mix proportion of the control pervious concrete and oyster shell pervious concrete. The 

specimen was demoulded 24 hours before set to curing in water. Testing day determine to be 

on 7th, 14th, 28th and 52th days. 

 

Table 3. Mixing formulation 

 

 

 

 

 

 

 

 

 3.3 Chemical and Physical Testing 

3.3.1 pH  

The pH value was used to determine the changes during the hydration process. A pH strips and 

pH meter (Mettler Toledo) were used to measure the concrete’s pH. For fresh concrete, the pH 

strips were dipped into the mixture. For hardened concrete (7 days and above), the method 

applied by Rasanen (2004) was used. The concrete specimens were manually cut at the distance 

of 20 mm from the surface to avoid errors in measurements due to carbonation and moisture 

content gradient. The specimens then were crushed into a powder. 15g of powder were mixed 

with 15g of distilled water. 

 

3.3.2 Carbonation Depth  

The depth of carbonation was investigated upon each mortar sample at 7, 14, 28 and 52 days. 

The samples were sprayed with phenolphthalein and the resulting stained material was 

recorded. The carbonation depth was measured by calliper (to the nearest 0.01 mm). 

 

3.3.3 Compressive Strength 

According to Abdullahi (2012), the compressive strength of normal concrete will increase with 

curing time. The strength is influenced by several factors such as void ratio, unit weight, water-

cement ratio, additional cementing material, aggregate size and aggregate-cement ratio. 

Pervious concrete has lower compressive and flexural strengths compared to conventional 

y = 0.0026x + 0.2745

R² = 0.8529

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40

w
/c

 r
at

io

Slump lost (mm)

w/c ratio Linear (w/c ratio)

Cement 1 

Aggregate 
4 

Modification / Replacement 

Oyster (%) 0 10 20 30 40 

Rock (%) 100 90 80 70 60 

W/C ratio 0.29 



ICSET 2018 209 

 

concrete. This is because of high porosity value due to the absence of sand (filling in the gap). 

Typically, the average compressive strength of conventional concrete is from 21 - 28 N/mm2 

but for pervious concrete is only from 5.5 - 20 N/mm2 (Kosmatka et al., 2002). Therefore the 

interactions between aggregates and cement (binder) are important elements in the 

modification.  

 

The specimens were tested for compressive strength in accordance with BS EN 12350-1:2000 

- Testing Fresh Concrete & Sampling by using INSTRON Floor Mounted Material Testing 

System. Graphs were plotted showing force applied against the distance that the arm applying 

the pressure has moved. The data produced illustrates the stress in the specimens up to failure. 

 

3.3.4 Sorptivity Test (capillary absorption) 

For this study, sorptivity test was conducted by adopting the direct gravimetric method (Razali, 

2014). Prior to this, the specimens were oven dried for 1 hour before sorptivity test. Then, they 

were placed into 5mm of distilled water in a container on glass rod support as shown in Figure 

5. 

 

 

Figure 5. Sorptivity test 

 

The specimens were then weighed to determine the changes in weight over specified time frame 

of 1, 3, 5, 10, 15, 30 minutes. A minimum of 5 measured weight gain points were then plotted 

onto a graph with the water absorption measured in g/m2 against the square root of time t1/2. The 

sorptivity was then determined from the gradient of the slope. From that, the sorptivity was 

calculated by using the following formula (Dias, 2000); 

 
W

A
= 𝑘√t 

(Equation 1) 

Where, 

 W = water absorbed (g) 

 A = surface area (mm2) 

  k = sorptivity coefficient 

  t = time (s) 

 

3.3.5 Permeability 

Pervious concrete may allow water to drain freely and it has high porosity that can be achieved 

by small amount of large aggregate (Marks, 2008). Therefore, this test was conducted to 
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examine the water flow through the void content. This condition is desirable on controlling 

urban surface runoff to avoid flood. Elawady et al. (2014) establishes permeability of pervious 

concrete is determined using the falling head permeability test and is estimated based on 

Darcy’s Law formula which is:  

K =
Q × H

A × T × P
 

(Equation 2) 

Where, 

Q = permeated water (cm3) 

H = height of the specimen (cm) 

A = surface area of the specimen (cm2) 

T = test time (s) 

P = water head (cm) 

 

 

Figure 6. Permeability test 

 

Factors affecting permeability of concrete are w/c ratio, curing (moisture), the use of 

admixtures, poor compacting during casting and aggregates size (Yuvraj, 2014). Permeability 

is calculated by measuring its internal states like flux and pressure. In this study, water pressure 

was kept constant. 

 

4 RESULTS AND DISCUSSION 

4.1. pH 

From Figure 7 shown, that there are no significant different of pH between modified pervious 

concrete with normal pervious concrete but a strong trend can be established. The fresh oyster 

shell has a pH approaching pH 14. However, once the carbonation reaction takes places, pH 

reading becoming neutral. Carbonation progressively lowers the pH in mortar with maximizing 

the amount of Ca2+ ions. The pH variations could be attributed to differences in materials 

characteristics and their properties with a corresponding influence on the extent of carbonation 

of the concrete. 
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Figure 7. pH reading for tested pervious concrete 

 

4.2 Carbonation Depth 

Figure 8 shows the results of carbonation depth for 7, 14, 28 and 52 days for each specimen. It 

were apparent that all formulations had carbonated throughout the duration of the study. It was 

observed that carbonation depth of R20 specimens were lower rather than control, but it 

continuously increased at 14 days onwards. In addition, R30 showed sharply carbonation depth 

increase with time and had highest carbonation depth of 9.1 mm at 52 days. This observation is 

consistent with the carbonation principles that carbonation depth increases with time. During 

carbonation process, the CO2 in surrounding environment is enough to make calcium hydroxide 

(Ca(OH)2) reacted. This can be explained based on Equation 3; 

 

Ca(OH)2 + CO2 → CaCO3 +  H2O  
(Equation 3) 

 

 

Figure 8. Carbonation depth 

 

Type of cement, humidity, temperature and concentration of CO2 are several factors affecting 

the carbonation depth and rate. In this study, it was observed that the rate of carbonation also 

depending on replacement percentage, porosity and moisture content of the concrete. Due to 

high porosity especially in R40, the amount of water in the void from curing was increased. 
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High amount of water can prevent CO2 diffusion in concrete through void content. Therefore, 

the rate of carbonation of R40 had been hindered comparing to other formulations.  

 

 

 

4.3 Compressive Strength 

As illustrated in Figure 9, the first 28 days showed that all modified formulations had higher 

strength than control in which the higher the replacement, the higher strength would be. The 

strength then becoming stagnant until the end of the testing day. It can be observed the strength 

similarity between Control and R10 due to non-significant of replacement volume and matrix 

arrangement. Nevertheless, R40 conveyed an anomaly observation. R40 gained the highest 

strength at day 7 just to lose 50% of the strength on day 14 onwards. It is believe that the early 

strength was formed from the dilution of CaO from the oyster shell. However, with higher 

replacement, excessive content of CaO will reduces the moisture content of pervious concrete 

and makes hydration process become slower (Damone, 2010). Therefore, it might increase 

porosity of pervious concrete. Hence, reducing the compressive strength of the pervious 

concrete (Hanh et al., 2013). In addition, the presence of oyster shell aggregates might disturbed 

the granular arrangement of gravel that leads to loss of strength (Nemati, 2015). This was later 

supported by Yang et al. (2010) in which the effect of substitution ratio (SR) of oyster shells on 

the compressive strength at 28th day was not detrimental. When the substitution of greater 

amounts was undertaken the strength decreased over time long-term. 

Figure 9. Compressive Strength 

 

4.4 Sorptivity Test 

Figure 10 shows the sorptivity value for 7, 14, 28 and 52 days at various formulations. It showed 

that pervious concrete can absorb more water in time rather than normal concrete principally. 

R30 and R40 showed similar changes on day 28 onwards. It is because, high percentage of 

oyster shell need more water hydration process. The course aggregates were kept to a narrow 

gradation to increase void contain in pervious concrete. These results confirm the association 

between strength and porosity (sorptivity) in which high porosity will reduce the compressive 

strength of pervious concrete as suggested earlier. 
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Figure 10. Sorptivity of the pervious concrete 

 

4.5 Permeability 

The results shown in Figure 11 proved that performance of the pervious concrete is strongly 

depending on the replacement rate. Overall, the permeability of the formulation showed 

anomalies trend with permeability increase with lesser replacement. It can be observed that 

Control and R10 have similar effects. It also noted in higher replacement (R30 and R40). With 

less aggregates replacement, voids are interconnected due to their larger number of gravel and 

a continuous link is formed, which makes the concrete permeable. 

Figure 11. Permeability of the pervious concrete 

 

5 CONCLUSIONS 

From the tests conducted, the modified pervious concretes with percentages of replacement 

performed better than control. These results are consistent with each tests in which the pervious 

concrete performances are strongly depending on the replacement rate. Higher replacement 

percentage is beneficial for acceleration rate of pH, carbonation and compressive strength. 

However, modification is not required if the specifier is looking for the increase of sorptivity 

and permeability performance.  
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ABSTRACT 

Solar forecasting has received much attention due to the rising demands in the application of 

solar energy as a source of electricity.  This study aimed to develop statistical models for 

forcasting solar radiation by using an Integrated Moving Average (ARIMA) and Seasonal 

Autoregressive Integrated Moving Average (SARIMA) models. The monthly measurements of 

global solar radiation for nine years (2006 – 2014) were used in this study. Akaike Information 

Criterion (AIC) was used to evaluate the constructed models. Autocorrelation function (ACF) 

and partial autocorrelation function (PACF) of residuals were used to compare the goodness-

of-fit between the different models. Based on the results obtained from the application of the 

ARIMA and SARIMA models using the data of Peninsular Malaysia’s, it was found that the 

SARIMA (2,1,0) (1,1,0)12 and (1,0,0) (1,1,0)12 model was the best fitting of solar radiation 

prediction for the studied area.  

 

Keywords: Solar radiation, time series, SARIMA. 

 

1.  INTRODUCTION 

Renewable energy drawn from forces existing in the environment such as sunlight, wind, 

waves, water and other biomass forms are produced through the natural processes occurring in 

them. The resulting energy from these processes are perpetual, self-sustaining and are 

constantly renewed. Solar power, one example of a highly sought renewal energy due to its 

function as a source of electricity, has increased the attention given to solar radiation 

forecasting. As the number of products and functions run by solar energy grows, the demand 

for solar forecast has become more significant (Mekhilef et al. 2012; Ong et al. 2011).  

The development of solar energy can be cultivated in Malaysia due to its favorable tropical 

climate, with an average annual solar irradiation of 4.21 kWh/m2 to 5.56 kWh/m2 and the 

duration of sunshine of more than 2200 hours per year (Muzathik 2013). Particularly, the 

northern region of the country was identified as the most potential source of solar energy, 

considering that it has recorded elevated level of solar radiation emission all year round (Azhari 

et al. 2008). A study was carried out by Ibrahim et al. (2012) in the northern state of Perlis, 

Malaysia to examine the relationship between solar radiation and temperature for the year 2006 

by applying linear regression mode, while descriptive study was done by Muzathik (2013) in 

Terengganu to investigating the potential global solar radiation source. However, the high cost 

of equipment and maintenance as well as the calibration requirements for the measuring tools 

has made solar radiation measurement limited in a lot of the developing countries, including 

Malaysia. 

The number of studies has found that The Autoregressive Integrated Moving Average 

(ARIMA) method was used as one of the method of solar irradiation estimating (Kärner 2009; 

Hassan 2014).  Hassan (2014) applied an ARIMA model in forecasting global and diffuse solar 

radiation from hourly and daily data in Mosul Iraq, whereas in 2012, Reikard (2009) forecast 
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solar irradiance using cloud cover effect.  Hence, modeling technique can be applied as a 

solution in forecasting solar radiation (Zhao et al. 2013; Bakirci 2009). In line with this, the 

objective of this research is to develop ARIMA model to forecast monthly solar irradiation in 

Peninsular Malaysia based on existed variables of sunshine hours and irradiation rate for a time 

horizon of 12 months.  Global irradiation data, measured in MJm-2 were acquired for the years 

2006 to 2014 from two stations, which are at Kemaman (Station 1) and Baling (Station 2), 

Malaysia. These data were provided by the Meteorological Department of Malaysia. 

 

2.  METHODOLOGY 

2.1 ARIMA model and SARIMA model 

A sequence of observations taken consecutively in time is known as time series. Box and 

Jenkins (1976) proposed the methodology containing the analysis in time series to identify 

future predictions by the best fit of time series to its past values. In order to formulate forecasts 

involving the identification of the best fit for a time series to its past values, the ARIMA models 

of the Box-Jenkins methodology are employed. Seasonal Autoregressive Integrated Moving 

Average (SARIMA) model is an extension of the ordinary ARIMA model to analyze time series 

data which contain seasonal and non-seasonal behaviors. The model is useful when the time 

series data exhibit seasonality-periodic fluctuations that recur with about the same intensity 

each year. Many studies have shown the forecasting advantage of SARIMA as compared to 

other time series models. Bivona et al. (2011) found out that the SARIMA model was sufficient 

to use in estimate wind speed in Italy. Meanwhile, the SARIMA model was utilized by Wang 

et al. (2013) to predict precipitation during the short-term inflation period in Shouguang city. 

 

2.2 Model identification and selection 

The first step in model identification is to check the stationarity of the data. The assessment of 

seasonality (or periodicity) can be often achieved from either an autocorrelation plot, a seasonal 

sub-series plot, or a spectral plot. The Autocorrelation Function (ACF) and Partial 

Autocorrelation Function (PACF) are the most significant analytical instruments used in time 

series analysis and forecasting, as both instruments provide information on the non-seasonal 

AR and MA operators for a time series (Bivona et al. 2011). The potential models are 

determined based on the data pattern found in the identification stage of model building. Upon 

the identification of stationarity and seasonality, the order (i.e., the p and q) of the AR and MA 

parts can be determined by examining the values of the autocorrelation (ACF) plot and the 

partial autocorrelation (PACF) plot. The Akaike Information Criterion (AIC) is utilized for 

model selection which requires a model with minimum AIC as the best model.  

The accuracy of the selected model is another primary feature that should be considered in 

determining the appropriateness of the model.  After estimating the parameters of ARIMA and 

SARIMA models, the next step in the Box-Jenkins approach is to check the adequacy of that 

model which is usually called model validation. To determine the acceptability of the chosen 

model, the diagnostic check is used and this is commonly done using the residuals of the model. 

The indicator; root mean square error (RMSE) and mean absolute error (MAE) are applied to 

evaluate this accuracy.  

 

2.  RESULT AND DISCUSSION 

3.1 Setting Order of Model 

Figure 1 displays the monthly data of solar radiation time series plot of station 1 and station 2. 

While, the ACF and PACF plot for the monthly solar radiation obtained are shown in Figure 2. 

The ACF plot of station 1 shows the significance spike at the second lag, this indicates that 

AR(2) or a higher rank might be an adequate model for the AR part of the final ARIMA model. 

Whereas, the ACF of station 2 was died down after lag 1 and the PACF has also shown a single 
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spike at the first lag, suggesting that AR(1) and MA(1) would be considered to describe the 

non-seasonal part ARIMA ( ,0,p q ) of the model. The ACF plot of the station 1 and station 2 

also displayed significant spikes at lag 12, 24 and 36, indicating the presence of a 12 period 

seasonal component. Therefore, the identification of the seasonal moving average and 

autoregressive model ( , ,p d q ) ( , ,P D Q )s should be undertaken with 12s  . The ACF plot series 

cut of at lag 12 assuming that ( 1Q  ) is proposed. The seasonal differencing ( 1D  ) of the data 

was applied to removes the seasonality effect.  

  

a. Station 1 b. Station 2 

 

Figure 1: The time series plot of solar radiation for stations station 1 and station 2. 

 

   

a. Station 1  b. Station 2. 

 

Figure 2: The ACF and PACF plots for station 1 and station 2. 

 

This seasonal effect was due to two types of monsoon, namely Northeast monsoon and 

Southwest monsoon. Northeast monsoon occurs when the wind blows from central Asia to the 

South China Sea, through Malaysia and moves on to Australia between November and March. 

The Southwest monsoon occurs when the wind blows from Australia across the Sumatra Island 

and moves to the Straits of Malacca between May and September. Winter monsoon occurs 

during April and October and between September and December (Mekhilef et al. 2012). In this 

case, West Malaysia experiences heavy rainfall measuring up to 2500 mm per year, with the 

load usually happening in October to February, which has led to low solar radiation value in 

the findings. 
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3.2 Model Validation 

Model verification is concerned with checking the residuals of the model to determine if the 

model contains any systematic pattern which can be removed to improve the selected ARIMA 

model. Table 1 shows the results of all possible ARIMA models and the results of the goodness 

of fit tests for seasonal and non-seasonal effects found at the two stations using data 2006 to 

2013. To test the model, data from the year 2014 was used as a reference. It is clearly shown 

that the seasonal model is the best model that fit the data, since it has the minimum value for 

Akaike information criterion (AIC) and RMSE, compared with the non-seasonal model. Of all 

the models tested the SARIMA (2,1,0)(1,1,0)12 for station 1 and the SARIMA (1,0,0)(1,1,0)12 

for station 2 was found to best fit the data.  

 

Table1: The result of the goodness of fit tests found based on Akaike’s Information Criterion 

and the selected model in bold.   , ,  ,  : are autoregressive, moving average, seasonal 

autoregressive and seasonal moving average components respectively. 

 

Station Model 

Coefficient Values Goodness-of-fit 

method 

 

AR 
  

MA 

  

ARs 

  

MAs 

  
AIC RMS

E 

MAE 

Station 1 

(1,0,0) 0.9863 - - - 465.18

23 

3.089

8 

2.0684 

(0,0,1) - 0.8363 - - 719.16

05 

11.08

4 

10.172 

(0,0,1)(0,1,1

)12 

- 0.3334 - −1.000

0 

353.18

29 

1.879

3 

1.4132 

(1,0,0)(1,1,0

)12 

0.5737 - −0.48

21 

- 354.53

22 

1.925

3 

1.4684 

(1,0,0)(0,1,1

)12 

0.5504 - - −1.000

0 

338.57

87 

1.740

5 

1.2854 

(2,1,0)(1,1,0

)12 

 

- −0.51

26 

- 328.92

61 

1.657

0 

1.4066 

Station 2 

(1,0,0) 0.9826 - - - 475.40

73 

3.078

6 

2.1240 

(0,0,1) - 0.8337

2 

- - 706.54

04 

9.412

9 

8.7044 

(0,0,1)(0,1,1

)12 

- −0.044

0 

- −1.000

0 

324.94

51 

1.569

4 

1.1469 

(1,0,0)(1,1,0

)12 

−0.0985 - −0.63

78 

 339.20

13 

1.732

4 

1.2458 

(1,0,0)(0,1,1

)12 

-0.05970 - - −1.000

0 

324.86

73 

1.568

8 

1.1481 

(2,1,0)(1,1,0

)12 

 

- −0.69

21 

- 350.25

16 

2.601

4 

1.8727 

 

The ACF and PACF plots of the residual error for the best model with 95% confidence limit 

are presented in Figure 3. Most of the correlations are within the 95% confidence level bound 

and only several lags of ACF and PACF appear with large values. This indicates that the 

residual series are unrelated and the selected model is suitable for the data. Since the model 
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diagnostic test shows that all the residual series were random, it can then be concluded that the 

suggested model is adequate for the solar radiation estimate.  

   

a. Station 1  b. Station 2 

 

Figure 3: The ACF and PACF plots for the developed model’s residual. 

 

4. CONCLUSION 

The prediction of monthly solar radiation was carried out using ARIMA and SARIMA model 

to analyze monthly radiation rate from two stations in Malaysia from January 2006 to December 

2014. Based on the model selection criterion the results show that the Seasonal Autoregressive 

Integrated Moving Average (SARIMA) is the best model to estimate solar radiation in 

Peninsular Malaysia due to the minimum AIC. The best model for forecasting after satisfying 

all model assumptions was SARIMA(2,1,0)(1,1,0)12 for station 1 and SARIMA(1,0,0)(1,1,0)12 

for station 2 .  
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ABSTRACT 

Surabaya is a growing city of Kalimas River. The emergence of the river as the beginning of 

the development of the city of Surabaya is possible thanks to its function as a means of 

communication between up and downstream areas. At some points, the area around the river is 

used as open spaces that serves as a public space, but in the other points are not yet used 

optimally. One of them is the river area in Kembang Jepun area. This riverside area in north of 

Surabaya basically has several potentials especially related to its function of urban landscape 

elements and also accessibility and open spaces. Urban landscape described as socioecological 

systems where natural and social processes go together with the ecosystems and in respect of 

how cities developed over time and their relation to nature. The purpose of this research is to 

develop urban landscape design innovation in riverfront area in Kembang Jepun. The analysis 

used in this research approach in sustainable development by giving priority to environmental, 

economic and social aspect in determining the innovative design for riverfront area. The 

important analysis tool that will be used is also Focus Group Discussion (FGD) and workshop 

to capture the aspirations of the community as an ideal riverfront public space. 

 

Keyword: aspirations, Kembang Jepun area, river, urban landscape, 

 

INTRODUCTION  
Surabaya is a growing city of Kalimas river. The emergence of the river as the beginning of the 

development of the city of Surabaya is possible thanks to its function as a means of 

communication between up and downstream areas. At some points, the area around the river is 

used as open spaces that serves as a public space, but in the other points are not yet used 

optimally. One of them is the river area in Kembang Jepun area. This riverside area in north of 

Surabaya basicly has several potentials especially related to its function of urban landscape 

elements and also accessibility and open spaces.  

Urban landscape described as socioecological systems where natural and social 

processes go together with the ecosystems (Andersson, E, 2006) and in respect of how cities 

developed over time and their relation to nature (Sherwood, R,). The purpose of this research 

is to develop urban landscape design innovation in riverfront area in Kembang Jepun. 

Government should be seem as “private enterprises” because the local government must serve 

as public enterprises to “produce” the environmental, economic and social services, As 

sustainable development requires private sector corporation to reform the production, the 

method in organization and operation will be changed. At the local level, sustainable 

development need the local economic development in supporting the community life by using 

the talents and resources of local resident. Community based planning will be used in the 

development field to engage local residents and service user in participatory processes to 

develop and implement local service and programs. The role of stakeholders is very important 

in dealing with the implementation of sustainable city because the power and authorities are 

keys in coordinating the policies. The public engagement or participation should be done, not 

just from the beginning of the planning but also in the process of designing and implementing 

(ICLEI, 1992).  
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Surabaya as a dense city area has limited elements of urban landscape such as water, 

vegetation as well as land. Another problems are that urban dense areas must fullfil market 

demand for building needs which is imbalance in sustainability. Based on this condition, the 

arrangement of the urban dense area should think to the equality and balance of environmental, 

economic and social elements in achieving sustainability.  

Since long time ago, the Kalimas River became a “working” space, “marketing” space 

and “transportation” line for Surabaya City. Along with the development of the city of Surabaya 

the rapid condition of the area around the Kalimas River shows symptoms and experience a 

condition of decreased productivity caused by decreasing property values, conditions 

inadequate facilities and infrastructure, as well un-integrated regional and socio-economic 

conditions with other regions. So the Kalimas River is now experiencing degradation of 

functions to date. In the past, the river Kalimas has 3 main functions, namely as a path 

transportation, as a place for people to look for eyes livelihood, as well as used for trading (such 

as floating market). According to Heal in Fauzi (2004), the concept of sustainability consist of 

two dimensions, first the time dimension regarding what happens in the future and the second 

is the dimension of interaction between economic, natural resource systems and the 

environment. According to the Law of the Republic of Indonesia No. 32 of 2009 concerning 

the protection and management of the environment, sustainable development is integration 

between the environmental, social and economic aspects into a development the integrity of the 

environment and safety, capability, welfare, and the quality of life of present and future 

generations. 

 
Fig.1: Kembang Jepun Area 

 

The area Kembang Jepun are dominated by trading and services (84.86%), settlement (14.71%), 

kelenteng (0.29%) and offices (0.14%). The linier pattern of the trading and service area are the 

characteristic.  

 

Sustainable Urban Landscape  
Urban landscape consist of green open spaces and non-green open spaces that link with the 

surrounding buildings and structures (Memluk, 2012), the three important things that must be 

considered on urban landscape are aesthetics, social and environment as well. The aesthetics 

aspect focuses maintain, improve and form an attractive landscape as an economic benefit that 

can increase property value. Socially focuses on how to improve the quality of human life by 

considering the environment (Benson and Maggie, 2000). According to Benson and Maggie 

(2000) planning must be oriented towards the future. A sustainable development therefore 

includes ecology, economics and social where the three influence each other.  
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According to Benson & Roe (2007) sustainable landscape is a landscape that supports 

environmental quality and conservation of natural resources. A good sustainable landscape 

reflects a high level of self-sufficiency. Once established, the landscape must be able to grow 

and develop itself like its natural state. Garcia (2016) added that sustainable landscape means 

more than just an environment of sustainability on a small and large scale to keep in touch with 

the community, people's perceptions and attitudes towards their habitat. Sustainable landscape 

must include nature, environment, human and cultural culture in a meaningful place. Therefore 

sustainable landscape is a landscape that is able to support environmental quality and is able to 

maintain natural resources both on a small scale and large scale by involving the relationship 

between humans, culture and nature in its development. Sustainable urban landscape is often 

described as a landscape that supports environmental quality and conservation of natural 

resources and must encourage critical issues such as aesthetics, function and environment.  

 

Amin (2012) mentions that there are three issues that become considerations in sustainable 

landscape are:  

a. Aesthetics: Although sustainable landscape appears with natural conditions but still relies on 

basic principles to create visual beauty between plants and materials. The aesthetic principles 

include accent, contrast, harmony, repetition and unity that are interesting, compatible and 

in accordance with the context. 

b. Functional: Determines whether the design can be used and meets certain health and safety 

criteria. Another important factor is the cost effectiveness and maintenance that depends on 

the selection of suitable plants and raw materials, compatibility between the use and 

maintenance process, the location and ratio between soft and hard elements. (Calkins, 2009; 

Vanderzen & Rodie, 2008)  

c. Environment: Focusing on a number of issues such as improving the landscape's 

microclimate, increasing biodiversity, and maximizing resource reuse. One important thing 

is to use plants that are able to provide habitat and have aesthetic value. Resources can be 

reduced and waste can be minimized by choosing the right type of plant and its location 

(Smith, Clayden & Dunnett, 2008). Effective sustainable design not only includes recycled 

material but also discusses the way people can recycle for the good of the landscape (Rodie, 

2010). Sustainable urban landscape must also overcome social problems such as diversity, 

cooperation, intimacy and a friendly atmosphere of space (Claudia & Kristin, 2009). 

 

In developing sustainable urban landscape, it is necessary to consider the principles that 

support sustainable development. These principles are according to Ritchie and Thomas (2009) 

are assessing native landscape conditions, including surveying trees and habitats. Identify 

sensitive areas and landscape elements that must be maintained, such as old trees, natural 

tributaries and potted areas. 

  

METHODOLOGY  
The analysis used in this research approach in sustainable development by giving priority to 

environmental (ecological), economy and social (cultural, his aspect in determining the 

innovative design for riverfront area. The important analysis tool that will be used is also Focus 

Group Discussion (FGD) and workshop to capture the aspirations of the community as an ideal 

riverfront public space. The method used in the research is through the data gathering and 

qualitative descriptive research in order to express the holistic and contextual approach in which 

the researcher as key instrument, the valid and reliable primary data collection will be used in 

the decision making, doing field observation and developing focus group discussion with the 

important stakeholders. The use of references and other secondary data such as maps and 
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standards, decree as well as other information will develop the criteria as framework 

requirements in making concept or design solution of the development. 

 

 

 

Fig.2: Elements of Kembang Jepun area  

 

 

RESULTS  
The innovative urban landscape design for riverbanks comes from the Focus Group Discussion 

(FGD) and workshop by considering all aspirations from the community as an ideal riverfront 

public space. 

 

Table 1: Aspiration from stakeholders 

Stakeholders Aspiration from stakeholders 

Architects   No significant change design without bothering the 

environment and annually continuity  

 Analysis regarding routine of activity in order to have a 

priority  

Academician   Focus on the defined identity in order to maximize the 

development  

 Making such new activity in attracting the visitors  

 Enhancing the existing activity in order to keep the identity 

of area 

Architect/practition

er 
 Enhancing the unique Chinese character for developing the 

area  

 Adding the open spaces as supporting the tourism and parking 

place in the public spaces  

 The improving of the security and ecological hardscape in 

waterfront area  

 It should be made stages in realizing the development 

Government   The development of water banks should in line with the 

regulation and spatial planning of City Surabaya.  

 Periodically cleaning the area  

 The present of meals facility in attracting the visitors  

 Vegetation which is suitable with landscape planning  
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Government   Opening the genuine character (Chinese) of Kembang Jepun 

and improving the conservations building along and its 

history track to be its’s identity  

 It should be done that the day and night activities are not 

overlapped  

 Spot of photography and parking area should be developed in 

the riverfront area  

Architect / Urban 

designer 
 Context of character Kembang Jepun should be existed in 

colour and form which is implemented in vegetation. land and 

water  

Workshop   Linkage between area  

 The idea should aesthetic and suited toward the planned area 

as well  

 Characteristic and the potential aspect: location and 

environment  

 The activities and the needs of area based on the respondent 

identification 

 Identification of genuine culture, signature, values and 

addition to this as well  

 Material selection and bring the ornament  

 

 
Figure 3: Focus group discussion 

 

DISCUSSION 

Discussion in this paper is more to describe how the criteria and innovative comes from 

references and theory also from aspirations from stakeholder in form of workshop and Focus 

Group Discussion as well. From the discussion between the stakeholders the design criteria of 

the innovative urban landscape design as follows. 
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Table 2: Aspects of urban landscape 

Aspects of urban 

landscape 

Criteria 

Aesthetic/ Economic The idea should be aesthetic and suited toward the planned area 

as well  

Identification of genuine culture, signature, values and addition 

should be completed.  

Material selection and the ornament must be appropriate  

The development of riverbanks should be in line with the 

regulation and spatial planning of City Surabaya 

Social The day and night activities should be not overlapped  

In attracting the visitors the making new activities must be 

developed  

The activities and the needs of area should be based on the 

respondent identification 

Environment No significant change design without bothering the 

environment and annually continuity  

The improving of the security and ecological hardscape in 

waterfront area  

The vegetation which is suitable with landscape planning 

should be developed 

 

The concept of innovative urban landscape design based on these criteria are as follows. The 

community needs a place in supporting the activities and creativities, an eatery and also 

catalisator from the informal sectors in all day festival. Simple activities such as cycling in 

making the riverbanks area more attractive and important for the community. 

 

Figure 5: Development of riverbanks area  
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CONCLUSION  

To develop the innovative urban landscape design of riverfront area in Kembang Jepun, it is 

important to consider the aesthetic (economy), the social and environmental (ecological) 

aspects supported by the aspirations of the community in enhancing an ideal riverfront public 

space. The important things that the concept should be simple, supporting all day and night 

activities, aesthetic/ economic and suited toward the planned area, identify the signature, values 

of Chinese settlement, in line with the regulation and spatial planning of City Surabaya, no 

significant change design without bothering the environment and keeping the suitable 

vegetation of landscape planning. 

 

ACKNOWLEDGEMENT 

The authors would like to acknowledge all stakeholders in Focus Group Discussion such as 

urban planner, architect, landscape planner as well as media and the people of Kembang Jepun 

Area for support and kindness. 

 

REFERENCES 
Amin, Ahmed Mohamed. 2012. Sustainable Urban Landscape: An Approach for Assessing and Appropriating 

Indicators. Archnet-IJAR, Vol 6, Issue 2. 

Andersson, E, 2006.Urban Landscapes and Sustainable cities. Ecology and Society 11(1): 34.  

Benson, J and M. Roe. 2000, Landscape and Sustainability. Second Edition. Taylor &Francis Group 2007, 

NewYork. 

Christianease, K. & Salweski, C. 2009. Do Good: Sustainability And Urban Design, transIt Band, 2, 1-13. 

Calkins, M. (2009). Materials For Sustainable Sites A Complete Guide To The Evaluation, Selection, And Use 

Of Sustainable Construction Materials. New York: John Wiley& Sons. 

Claudia, D. & Kristin, S. 2009. Sustainable Site Design Criteria, Process, and Case Studies for Integrating Site 

and Region in Landscape Design. Canada: John Wiley &Sons. 

García-Llorente, Marina; Rossignoli, Cristiano M.; Di Iacovo, Francesco; Moruzzo, Roberta. 2016. "Social 

Farming in the Promotion of Social Ecological Sustainability in Rural and Periurban Areas." Sustainability 8. 

Memluk, M.Z. 2012. Urban Landscape Design. In Ozyavuz, M (Ed). Urban Landscape Design, Landscape 

Planning. 

Rodie, N. S. 2010. Landscape sustainability. Institute of agriculture and natural resources. Retrieved from 

http//www.ianrpubs.unl.edu/epublic 

Roe, M. 2007. Landscape and sustainability: an overview. In J. Benson & M. Roe (Eds.), Landscape and 

Sustainability, 2nd ed. pp. 1–15. London: Routledge 

Ritchie, Adam & Randall Thomas. 2009. Sustainable Urban Design: An Environment Approach. Taylor 

&Francis: New York. 

Sherwood, R, Elements of Urban Landscape, URL :( http://www-bcf.usc.edu/~rsher/elements/532S02.pdf/) 

 

 

 

 

 

 

 

 

 



ICSET 2018 230 

 

THE ROLE OF LANDSCAPE ELEMENTS IN DEVELOPING 

SUSTAINABLE ERICA CAMPUS IN NORTH GRESIK, EAST JAVA, 

INDONESIA 
 

1Bambang Soemardiono, 2Iwan Adi Indrawan, 3Nurfahmi Muchlis 
123Department of Architecture, Institut Teknologi Sepuluh Nopember (ITS), 60111 Surabaya, 

Indonesia 

Email: bamsoem03@yahoo.com 

 

ABSTRACT  
The area in North Gresik, East Java is selected site by local Government to be Erica campus 

which combine education, research and agro industry in one campus. The planned Erica campus 

therefore should be specific, combination between education, research in a agro techno park 

and have a unique character with special needs and also sustainable. The site and its elements 

of landscape which is consist of land, surface- and groundwater, climate, vegetation and fauna 

in the Erica campus play an important role in developing circulation system, building mass as 

well as green open space. Supported by external factors such as future infrastructure and easy 

accessibility, it is also important to identify what are the important landscape elements which 

should be considered in this thematic cluster and what kind of criteria should be developed in 

a long term.  

 

Keywords: Erica campus, Indonesia, landscape elements, North Gresik  

 

INTRODUCTION  
The area in North Gresik, East Java is selected site by local Government to be Erica campus 

which combine education, research and agro industry in one campus. The planned Erica campus 

therefore should be specific, combination between education, research in an agro techno park 

and have a unique character with special needs and also sustainable. The site and its elements 

of landscape which is consist of land, surface- and groundwater, climate, vegetation and fauna 

in the Erica campus play an important role in developing circulation system, building mass as 

well as green open space. Erica campus as the new standard for education research and industry, 

successful model for industry cooperation and outstanding in society. Erica Campus set a new 

standard for specialized universities as their research center and business work together to study 

and provide on hands experience. Erica is recognized as the most active industry cooperation 

school. Sustainable campus planning considered the composition of mass and open spaces. A 

preliminary research of landscape elements accompanied by field study. Supported by external 

factors such as future infrastructure and easy accessibility, it is also important to identify what 

are the important landscape elements which should be considered in this thematic cluster and 

what kind of criteria should be developed in a long term. In context of education site there are 

two laboratories such as inner and outer laboratory. And the facilities consist of:  

a) Academic Facilities  

b) Non-academic Facilities consist of supporting facilities, mosque, counselling room, room 

for property, canteen, parking area and sport facility.  
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Figure 1: Maps of development area 

 

There are many aspects in developing the area as Erica campus, such as:  

 

Site Selection  

The most successful projects are those best planed and designed. The responsibility of the 

planner is to guide those involved to the best solution and to help ensure in all way possible the 

project’s success. The primary work as planners is to help for human activities to the “want to 

be” of the land, not “want to be” of the planner. The landscape architect therefore should 

develop site survey during the site-selection process. Besides a site analysis will show and 

identify all important features present on the site in relation to each other and provide a basis 

for deciding where to locate various buildings, roads, and other facilities. The aspect of site 

selection that should be considered as follows:  

a) Topography 

b) Views 

c) Prevailing winds 

d) Sun orientation 

e) Nearby distractions 

f) Access to utilities 

 

Site Planning  

The objective of site planning is to develop the relationship between all elements in making 

such efficiency, economy of development and all attractiveness on the site as well. An 

approaches to the site is the considerations of site survey plan. Therefore planning and design 

are process which follow such logical sequence of actions that must be carried out into solution. 

The site planning is a multi-disciplinary problem-solving operation that involving architects, 

landscape architects and engineers as well as physical scientist. 

 



ICSET 2018 232 

 

 
Figure 2: Eight stage of Site Planning 

 

An eight-stage of site planning composed by Kevin Lynch as see in Fig. 2 

1. Defining the problem  

2. Programming and the analysis of site and user  

3. Schematic design and the preliminary cost estimate  

4. Developed design and detailed costing  

5. Contract documents  

6. Bidding and contracting  

7. Construction  

8. Occupation and management 

 

METHODOLOGY 

Supported by external factors such as future infrastructure and easy accessibility, the 

identification of the important landscape elements which should be considered in this cluster 

and what kind of criteria should be developed in a long term. Design criteria will be developed 

from references and precedents in developing site planning for the Erica Campus. 
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RESULTS 

 

Table 1: The elements of landscape 

 
 

According to the analysis, the design criteria of Erica Campus in North Gresik can be 

developed by considering of the landscape elements as follows:  

a. It should be on the remote area, in order to avoid water, air and noise pollution.  

b. It should be on the relatively large area and as general infrastructure in serving all the 

learning process  

c. In relatively flat or topographical area  

d. Possess open spaces which allow to be developed as agro open laboratory  

e. It should be rainwater reservoir in relatively great area  

f. The availability of city utilities (tap water, electricity)  

g. Easy access from main road 

 

The 60% building and 40% open space accompanied with the low density in Agro Techno 

Park. Six zone will be developed such as:  

1) Business Area  

2) Settlement Area  

3) Education Area  

4) Supporting Facility  

5) Open Laboratory  

6) Research Center Zone 
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DISCUSSION  

Discussion describes the role of each landscape factors and how to develop the criteria based 

from references and theory as well as precedents as follows. The concept of mass arrangement 

will be implemented from these criteria such as business area will be placed near the entrance, 

settlement area near business area and supporting facility in the middle as well as the education 

area in the middle until the other location. 

 

CONCLUSION  

The role of landscape elements such as land, water, vegetations are important in development 

of erica campus on agro techno park, The criteria of each elements will be use in developing 

the site planning for supporting the education in a development model and to develop the 

relationship between all elements in making such efficiency, economy of development and all 

attractiveness on the site as well.  
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ABSTRACT  
At the first, the design of housing in Indonesia provides green open space, on the front and at 

the fence. The current trend of green open spaces has turned functionality into additional space. 

As a result, some ecological roles are neglected. This study shows potential of the inner 

courtyard on warm humid housing. Green open space has several functions, such as water 

absorption, passive cooling and energy saving. Pattern-based method used to obtain the model 

proposal and simulation to predict indoor thermal environment. The housings in Surabaya are 

used as a model representation of housing in Indonesia. The potential for comfort, in this case 

is thermal comfort. The propose model have two inner courtyards inside and fence. The spaces 

located on the inner courtyard perimeters are living room, bedroom and kitchen with 

consideration of having a duration of occupancy more than one hour. With the existence of 

these spaces, inhabitants can connect with green open space. In the hottest month, the fence of 

inner courtyard model could support 70- 80% thermal comfort duration.  

 

Keyword: fence of the inner courtyard; hottest month; perimeter space; side of inner courtyard  

 

INTRODUCTION  
Global warming is a common issue today. The effects of global warming are rising sea levels 

and temperatures in urban environments. Climate-based or bioclimatic design is predicted as 

an alternative to solve the problem. Defiana et al (2017) proposed bioclimatic-based designs on 

fishing settlements to reduce the impact of sea level rise on fishing settlements. Increasing the 

use of cooling energy to meet the thermal comfort of the urban housing sector is considered one 

of the contributors to the increase in temperature. Increased temperatures in urban environments 

also need to be prevented. The bioclimatic design is one of the responses to residential design 

in an effort to reduce the rise in energy use for city cooling and temperature.  

Michallef et al (2016) defines a courtyard of buildings as buildings that have open space 

inside and open directly to the sky. Inner courtyard is generally characteristic in dry areas as a 

center of mass orientation. In this study the inner courtyard observed its opportunities for 

thermal comfort and energy savings. For example, in China, courtyard sizes are reduced from 

the north (cold climate) to the southern (warm climate).  

Formal urban housing in tropical urban areas generally has a grid pattern (Defiana et al, 

2012, Samodra 2018 et al). With the grid pattern of housings have a certain distance on the 

front and at the back. Initial design of residential houses generally provides open space on the 

front or at the fence. Open space on the fence or on the side in this study is called as inner 

courtyard. One of the main roles of the courtyard space is to protect occupants from outside 

heat and provide environmental functions such as natural lighting and ventilation (Hyde, 2000). 

Courtyard shape is generally influenced by climatic conditions in the region. The effort to 

reduce energy use for cooling is to use natural air. The H / W ratio of inter-buildings supports 

the creation of wind flow availability (Oka, 1988; Defiana et al 2012). In generals, at this 

moment existing design of housing in the tropical urban has inner courtyard in the fence. 

Design of inner courtyard predict to support the function for natural ventilation. Natural 

ventilation could expand the thermal comfort zone, particularly in the nighttime (Defiana, 

2018). Spaces in the perimeter of the inner courtyard are also neglected.  
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The research goal describes the potential of model which have two inner courtyards in 

tropical urban areas. Surabaya as a representation of tropical cities that have a formal housing 

growth today. The presence of inner courtyard in tropical urban housing can support the 

increase in green open space. The potential of green open space is believed to have several 

functions, not only physical functions but also psychological functions. Physical functions 

include water absorption, giving thermal comfort for occupants and energy savings. For the 

function of psychology is to increase the psychology or mental health of its inhabitants which 

giving green open space.  

 

METHODOLOGY  
Surabaya as a representation of tropical urban housing which have grid-patterned and inner 

courtyard. Field study methods are used to obtain variants of inner courtyard and pattern based 

methods used to obtain the inner courtyard model proposal characteristics. Typology of 

housings based on site width, inner courtyard position, spaces in the perimeter courtyard and 

percentage of inner courtyard area to the building site.  

Based on the results of field studies obtained proposal model. Model has two inner 

courtyards, that is inside and fence. Simulation with the design builder V 4.1 is used as a tool 

to predict the thermal environment. The parameter used for thermal comfort is the Fanger’s 

PMV method. For simulation, the duration of the use of the bedroom and living room for 7 

hours, for the kitchen about 3 hours. 

 

 
Figure 1. Plan of Model  

 

The space in the perimeter of the side inner courtyard is the living room, the foyer and 

the kitchen. Living room and kitchen are influenced by openings facing the inner courtyard 

while the foyer is not. The foyer is influenced by openings facing the outer space of the front. 

Two bedrooms are influenced by openings facing the inner courtyard at the rear. 

 

RESULTS and DISCUSSION  
Passive cooling is a process, a way or a cooling technique done with a source of energy derived 

from nature (Santamouris and Asimakopoulos, 1996). To avoid excessive heat and create 

thermal comfort in space, cooling strategies can be designed in three levels: first is to prevent 

the prevention of heat gains, the second is to regulate heat absorption (modulation of heat gains) 

and the third is to remove heat from inside the room to the outside environment (rejection of 
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heat from the interior of the building to heat sinks). Physiological cooling in the humid tropics 

involves three climatic elements namely air temperature, humidity and wind speed. Wind flow 

is required for physiological cooling if moisture is more than 60%.  

Bioclimatic design is a strategy for designing buildings based on climatic conditions. 

The degree of accuracy of climate analysis holds key factors in bioclimatic concepts that are 

useful for designing buildings. The accuracy of climate analysis will also support efforts for 

energy efficiency with the method of passive design (Tzikopoulos et al, 2005).  

Residential design with bioclimatic strategy in humid tropics has three objectives of 

reducing indoor air temperature, maximizing ventilation to improve evaporation processes and 

providing protection against sun, rain and insects (Defiana, 2012). Aspects of outer space design 

affect the availability of wind flow into the building, one of which is the height to weight ratio. 

Outdoor space design with H / W ratio 0.3-0.5 has the opportunity to obtain greater wind (Oke, 

1988). The model proposal lies in the H / W 0.55 ratio and the canyon L / H 18. The model has 

an inner courtyard beside and behind. With such outdoor space design and the existence of two 

inner courtyard models getting the required wind speed at night (Defiana et al, 2018). 

 

 
Figure 2. Temperatures at living room, side room and side inner courtyard  

 

Facade of model oriented to the North. Inner courtyard on beside has North-South 

oriented. The east wall is 9 meters high. It has high enough to block the heat in the morning. 

All the windows opened at 5:00 to 7:00 and 16:00 to 21:00, during that period the rooms are 

being used. In this research neutral temperature is 270C, and the comfort zone is 26.5-28.50C. 

At the night time living room and kitchen are above the comfort zone. On figure 2, simulation 

result show that the temperature in the inner courtyard for 24 hours is always higher than the 

air temperature in the room. Air temperature in the living room always lower than the side room 

and inner courtyard. The difference of the temperature between the living room and inner 

courtyard is around 0.5-1 K.  

Figure 3 below shows the humidity for 24 hours. The humidity conditions of living 

room and side room above the comfort zone or always more than 60%. On the inner courtyard 

side, at 10:00 to 16:00, humidity is in the comfort zone, while outside the time period is always 

above 60%. 
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Figure 3. Relative humidity at living room, side room and side inner courtyard  

 

When the condition of temperature and humidity are above of comfort zone, required 

wind flow to improve comfort. Each 10% humidity increase will raise the temperature of 0.88K 

from the comfort zone. Every increase the temperature of 0.55K of comfort zone, it is necessary 

wind flow 0.15 m / sec to provide physiological cooling (Aynsley, 2007). Result simulation 

show the living room inhabited at 4:00 pm to 9:00 pm, relative humidity rises to nearly 75%, 

while the current temperature 29-310C. 

 

 
Figure 4. Fanger PMV on Living room, kitchen and side inner courtyard 

 

In this research simulation conditioned in the hottest month. Simulation results with 

PMV Fanger show in figure 4, when rooms inhabited indicate degree 2. It means the 

occupants does not feel comfort but feel warm. The occupants can use the fan to increase the 

comfort. 
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Figure 5. Temperatures at bedroom 1, bedroom 2 and fence of inner courtyard  

 

The proposed model has two inner courtyards, on the side and fence. The spaces on the 

perimeter of inner courtyard fence are the main bedroom and children's bedroom. Both 

bedrooms are used at 10:00 pm to 05:00 am. The figure 5 show, the two bedrooms on the hottest 

month, the temperature is in the comfort zone starting at 11.00 pm  

 

 
Figure 6. Relative humidity at bedroom 1, bedroom 2 and fence of inner courtyard 
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Figure 7. Fanger PMV on bedroom 1, bedroom 2 and fence courtyard 

 

If the temperature of both bedroom is in a comfort zone, then the humidity conditions 

at night time always above the comfort zone. In the period 10.00 pm - 02.00 am, occupants 

feel little warm. It can be shown on the Fanger chart. PMV index in fence of inner courtyard 

always more than 1 degree. But bedroom 1 and 2 when occupied is in a comfortable condition 

to a little warm value of 0.5-1.  

 

CONCLUSION 

Open space has an important role to support thermal comfort. This is indicated by the proposed 

model in this study. The model is designed to have two inner courtyards. With two inner 

courtyard located on different positions, the chances of spaces on the perimeter can be 

connected to the outdoor space. The spaces proposed on the perimeter are bed rooms, living 

rooms that have high occupancy duration. The kitchen is also placed on the perimeter of the 

inner courtyard to get fresh air. The simulation results show that the bedrooms on the inner 

courtyard perimeter can feel light warm and comfort for 70- 80% when used.  
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ABSTRACT  
In some large cities, the rejuvenation of urban built areas attempt to reorganize the certain areas 

in order to gain the added value while maintaining the sustainability of the function and quality 

of the environment. The construction of low cost walk-up flats in urban housing renewal 

framework was conducted in order to improve the vitality and quality of the housing 

environment. This study investigates whether the social relationship in the former settlement 

(kampong) can be well implemented in their new settlement which usually facilitated in the 

provided public space in the walk-up flats’ area. Can this social relationship be formed in other 

open space or supporting facilities that can be used as a gathering place for citizens? The 

purpose of this study is to evaluate public space by comparing the condition of the current 

public space in low-cost urban walk-up-flats to the design of public space where they originally 

lived. The evaluation wants to know whether the degradation of public space influence 

inhabitants, as well as the impact on social integration among the community. The method that 

used in this study is explorative, descriptive, ex-post, cross-sectional and synchronic evaluation. 

Data collection techniques used are field observation and stratified random sampling by 

distributing questionnaires to residences who live in Sombo Flats, Surabaya. The results show 

that public space is transformed to other form and function along with the changing needs of 

the dwellers, as well as the changes of people lifestyle that requires more privacy in their daily 

activities. The degradation of public space which declines the intensity of people to interact 

among others shows the declination of social quality. Changing the external and internal factors 

of the inhabitants basically also change the sense of place of them.  

 

Keyword: Low Cost Urban Renewal Walk-up Flats, Public Space Degradation, Social 

Integration. 

 

INTRODUCTION  
Getting adequate added value while maintaining the sustainability of the function and quality 

of the environment is important. In the big cities such as Surabaya, the regeneration of urban-

built areas intends to rearrange the certain areas to achieve this (Danisworo, 1988). Construction 

of flats in the framework of the urban housing renewal is done in order to increase the vitality 

and quality of the housing environment. In coastal areas this is more challenging because 

coastal communities have different characteristics and existing urban renewal flats. And this 

difference causes different structuring designs in coastal communities.  

Sustainable urban development that is viewed from the perspective of the above 

dimensions in a micro context can later be used as one of the terms of reference in assessing 

the success of urban renewal projects in Indonesia. There are four dimensions that must be 

considered in achieving sustainable conditions, namely: environment, social, economic and 

cultural (UN-HABITAT, 2012), but this study will only discuss urban rejuvenation related to 

social problems, especially regarding the provision, utilization and change that happened to the 

public space that was originally provided. This study will only discuss about how to create a 

sense of community, a sense of place, and an identity in a built area, in this case urban renewal 

walk-up flats.  



ICSET 2018 243 

 

In addition to space for dwelling, walk-up flats also provide shared space, for example: 

sports area, places of worship, hallways, shared kitchens, shared bathrooms and other open 

spaces. But in its development public space in flats has been degraded. The degradation of 

public space includes the reduction of its function, the changing of functions, the amount of 

public space previously provided and the size/area of the space. This study focused on the social 

relations that were previously created in the public space which is then switched or moved to 

another place.  

 

LITERATURE REVIEW  
As stated by Zheng, et al (2013), AO, et al (2013) and Goldie (2015), rejuvenation of area is 

not only related to the management of physical aspects, but also the improvement of social / 

community aspects. So the idea of sustainability is an effort to ensure a better quality of human 

life. This concept is useful to meet the current needs with the obligation to leave a positive 

legacy to future generations. Understanding the concept of sustainability should be as a 

multidimensional concept that needs to be seen in a balanced way, without any dimension /point 

of view being ruled out (Kohler, 2003).  

Some researchers such as Li Lin, 2002 stated that the use of public space by citizens is not 

only limited to circulation but higher than that is as a place of socialization and implications of 

culture. Furthermore, he said that public space could be measured by the level of service in 

accessibility, both physical and psychological. For example, open spaces with green plants are 

recognized as a major contributor to social welfare because they effectively improve the 

physical health of the population and reduce stress (Morris, 2003).  

Open spaces provide vast zones in crowded urban areas for social gatherings and 

interactions (Cuthbert and Dimitriou, 1992; Chui, 2003). However, the benefits brought by open 

spaces for the community cannot be optimized if there are no citizens who are able to go there. 

Therefore, accessibility of open space is very important. The open space is accessed especially 

for those who are located near residents' houses which are more attractive to residents. When 

people often go there, they can meet other citizens and thus their interpersonal relationships can 

increase (Grace K.L. Lee and Edwin H.W. Chan, 2010). Increasing social interaction enables 

citizens to develop identity with their communities (Brown B, 2003). To achieve a success in 

the urban renewal which is seen from the perspective of the social dimension, there are several 

micro aspects that need attention. All of these aspects have an important role in urban 

rejuvenation projects. Therefore, the importance of integration of all these aspects can create 

success from the rejuvenation of the city.  

Changes the function of public space can cause some negative things that are not 

predictable before, as stated by Sampson RJ, 1997 that people tend to be less bound to their 

environment if the environment is not physically organized, or changed to be worse than before. 

But physical disruption or damage does not necessarily reflect a low sense of place (Taylor RB, 

1996).  

 

METHODOLOGY  
The method that used in this study is explorative, descriptive, ex- post, cross-sectional and 

synchronic evaluation. Data collection techniques used are field observation and stratified 

random sampling by distributing questionnaires to residences who live in Sombo Flats, 

Surabaya.  

In addition, the micro aspects in the social dimension from UN Habitat 2012 will identify 

problems and look for correlations between these phenomena with the theories and results of 

research that have been done previously. The social interaction will be found by comparing the 

initial and current public space (large, function, facade). This study will only discuss social 
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problems that occur in Sombo walk up flats, Surabaya. The location can be seen on the 

following map bellow: 

 
Figure 1: Figure 1. Study location, Sombo flats  

 

RESULTS  
Personal and social activities that must be accommodated  

Bender's in Yanagisako (1979) said that there are different ways of classifying household 

activities / domestic activities. "Domestic activities" define as activities concerned with the day-

to-day needs of living, including the provision and processing of food and care of children. In 

addition to the same way, it is needed to keep and bring up its members and establish the 

domestic domain as the reproductive family which is integrated with the environment and the 

structure of the society. Another one is "business activities", which are argued by Kelett (2000) 

for many households, using the home for domestic and work activities is a crucial strategy for 

families which has no choice, or limited change to increase family’s income. Meanwhile 

Septanti, 2015 also indicates 2 types of activities inside the house namely domestic activities 

and Home Based Enterprises activities. The activities that related to daily activities and Home 

Based Enterprise activities are defined as activities due to gain a family's income that take place 

at home.  

As social beings, humans not only interact with themselves and their families, but also 

interact with other people outside their families. The social interactions in Weber 1947 define 

as ... "the acts, actions, or practices of two or more people mutually oriented towards each 

other's selves, that is, any behaviour that tries to affect each other's subjective experiences or 

intentions." 

 
Figure 2. Site plan of Sombo walk-up flat at the beginning of its establishment 
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Figure 3. Some social activities conducted in public space  

 

Study of community's behaviour  
Residents have daily activities that are also carried out in public spaces based on field 

observations that have been made. The example of daily community’s activities has been taken 

in Blok A of Sombo flats. Block A is one of the blocks where residential unit on the 1st floor 

has a private bathroom while on the 2nd to 4th floors have a shared bathroom. The kitchen is 

provided both on the 1st and 2nd to 4th floors as communal kitchen. It appears that many 

residents carry out their daily activities in the form of social activities in the hallway that 

connects between units. Even the hallway is also functioned as a place for business activities 

by several households.  

Adults, children and teenagers carry out their activities in the common space. Even when 

they study or play they do it in the hallway. Corridors becomes an area that is like a family 

room, but is used together.  

Some community activities recorded on one block (block A) can be seen in the picture 

below: 

 
Figure 4. Behaviour mapping of community’s daily activities in their block 
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There are many activities centred on the corridor, open space around the unit, near the 

stairs and close to the entrance. These places are also a favoured place to do household business 

while chatting with neighbours and playing. In the unit on the 1st floor, the activity has even 

shifted to the outside of the block (the shared area that becomes the circulation). Many 

household and business activities have expanded to the area.  

 

Comparison of Social Relationship in Kampung and in the Walk-up Flats  
Previous residents of Sombo flats were those who were displaced due to the urban renewal 

project. So, that the habits on the old location remain carried out until they live in a flat. A 

significant difference is the change in horizontal to vertical occupancy. This change turned out 

to also change the pattern of their social interaction with their neighbors who originally 

inhabited the old Sombo village. Intense activity is seen in those who live on the same floor, 

then followed by those who live in the same block and lastly with the neighbors in the other 

block. As shown in the diagram below: 

 
Figure 5. Diagram of comparison between neighboring relationships in kampong and in the 

walk up flats  

 

The diagram shows that they tried to maintain good relations with their neighbors who 

originally came from the old Kampung Sombo. Even though they are in different blocks, they 

still maintain the relationship even though the intensity is reduced. Religious activities 

(recitation) and the existence of citizens who died became an arena to strengthen the 

relationship. Other community activities, for example during commemoration of proclamation, 

marriage, and circumcision also become a means for continuing their social relations.  

 

Replacement of Social Functions in Unplanned Areas  
Sombo flats have 10 blocks with several different designs. As an illustration, in Block A, flat 

units are type-18 (3x6 m2). There are 18 units on the 1st floor, and 16 units on the 2nd to 4th 

floors, so there are 66 units in 1 block. The typical block with block A is Block E. But block K 

has a different design. Block K is L-shaped and has a wide floor that is quite wide compared to 

other blocks. The shared space is spacious and has a straight design so that it can accommodate 

many people even for wedding invitations. The size of the broad hallway in the flats triggers 

certain activities, such as chatting with other residents, to communal activities such as 

thanksgiving and recitation. In addition, the lobby is also used by some residents as additional 

space such as storage of goods and stalls. It can be concluded that the lobby design is able to 

accommodate the pattern of community behavior, even though the expansion of the unit by 

making the hall as a storage of goods and a place of business should not be allowed. 
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Figure 6. The public space area that is switching function due to the behavior change of 

residents.  

From the results of the study, it was found that public space, that have changed functions 

for purposes other than public needs turned out to be around 15% of what was originally 

intended. However, what is used as a public need again, for example being a mushola, mosque 

or field, reaches a greater number of 25%. Some corridors on the building's floor have been 

converted into mushola. The common space in the courtyard has been built as mosques and 

fields. Besides that the areas that were originally public space (for example: shared kitchen) 

turned out to change the function of being a warehouse and classified as an area that is rarely 

touched. In the Sombo flats almost 60% of the kitchen has moved to their respective units even 

though some are only in the form of a stove that is placed near the entrance or on the back porch 

of the house. Even though, in the initial settlements they also interacted when cooking, but in 

collectively. Gradually they also need privacy in providing food for families. Although the 

distance between the collective kitchen and the residential unit was relatively close, the 

separation of the kitchen like this was not one of the favorites.  

In addition, there is also a public space area that changes its function to become a private 

place, for example household enterprise. Household businesses that are carried out here occupy 

areas that do not belong to residential units, but are included as public areas. The omission of 

regulation that occurred and the culture as well as knowledge of community have caused this 

kind of incidents increasingly to become out of control and eventually cause this flat to become 

a slum. 

 
Figure 7. Business activities carried out in public space: opening a business in a public area  

 

Areas around the corridor and public places near residential units primarily function as 

circulation. But over time, the function changed to a favorite area for interacting with neighbors. 

Its use is more to socialize, care for children, playgrounds and so on. Some of them also use it 

to sell or do business.  
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There are also areas that continue to function as public spaces, only changing their nature 

from open space to building areas. Like the following example, there is a transfer of functions 

from open space which is reserved for parking areas and open spaces become built areas, 

namely multi-purpose buildings and sports fields. The position shown is the position of the built 

area in the initial plan.  

 
Figure 8. The reduce of public space due to the addition of flats’s facilities, and community’s 

activities  

 

DISCUSSION  

The used and transformation of public space  
The use of public space is usually common for communal activities and sometimes possible for 

un-permanent personal purposes. Public space in social buildings (such as walk up flats) can 

change according to the needs and conditions of the people who occupy them. Changing needs 

accompanied by strict rules and supervision will not make the function shift too drastic. But for 

community with un-strict rules, the changing function or occupying public space can be 

continued excessively until un-limited in accordance with community themselves.  

The transformation of functions can be done if there is a mutual agreement and is permitted 

by the manager / flat owner (in this case the Surabaya City government) if used for communal 

and urgent needs to be possessed. As happened in the Sombo flats, there was a transformation 

of the open space function which was originally for the parking area then transfered into a multi-

purpose building that could be used together. The need for shared space is important given the 

very limited space that is owned by the community in residential blocks. This need will be felt 

if people have a duty. The design difference for each block causes most of the blocks not to 

support when there are events that conducted there. So that the building is important for them.  

 

There is omission by the environment.  
Clear rules regarding the use of public space should be the realm of social building managers 

like this. As with the Sombo flats which are the property of the Surabaya city government, the 

unit in charge of managing the flats plays an important role. With clear, firm and indiscriminate 

rules, people will be reluctant to go beyond the limits of their rights in public spaces in flats.  

However, a number of flats have apparently not too tight supervision resulting in omission by 

managers. Although initially the activity was not permanent, it gradually became permanent 

without being realized by the manager.  

In an area where management control that is not too strict makes community control 

important. The community has an important role in supervising and limiting the use and 

utilization of public space, especially for personal needs. The extent to which they are willing 
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to have their rights reduced by those who use the public space should be jointly regulated and 

agreed upon. So there is no omission that is so long and develops into uncontrollable. 

 

CONCLUSION  
The change in function of public space is inseparable from changes in the needs and lifestyle 

of its residents. The lack of rules and the level of supervision of the management or sub-

departmental responsible cause this condition is created and in the long term changes the rules 

and initial functions of the public space. Public space is transformed into private property and 

community rights are reduced in the public space. This change will have an impact on social 

degradation and omission which will continuously change the social order of the community 

itself. The existence of some people who agree and disagree with this condition has an impact 

on the social relations of the community.  
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ABSTRACT 
This paper reviews the researches in the field of evaluating the potential environmental impacts 

caused from aircraft panels manufacturing activities. The manufacturing process of aircraft 

panels involve composites as one of the materials alongside glass fiber, toxic chemicals, water 

and energy in the form of electricity that would definitely impact the environment adversely. 

In identifying the environmental impacts of the selected processes, life cycle analysis (LCA) 

was used as a tool. The boundary selected was gate-to-gate which is actually from the beginning 

of painting process, to mechanical assembly, final inspection and packing process in the end. 

LCA will assess the environmental impacts of inputs used and outputs released which were 

gathered during data inventory phase with referred to the functional unit which was determined 

during goal and scope definition phase. An LCA software was used to achieve the purpose of 

this study. The results of impact assessment were reported in the form of damage assessment, 

characterization, normalization, weighting and single score. It was interpreted that the highest 

contributor to the environmental damage from aircraft panels manufacturing of the studied 

processes was found to be from the electricity consumption, impacting significantly the human 

health, ecosystem quality and resources. Additionally, some of the chemicals which were used 

in the process have also been identified to contribute to a few impact categories.  

 

Keywords: Aircraft panels, Life cycle analysis, Gate-to-gate, Goal and scope definition, 

Inventory analysis, Impact assessment, Interpretation.  

 

1 INTRODUCTION 

Blooming in air plane transport in recent years may lead to aviation emissions in both aspects 

in term of manufacturing an aircraft and also during operation (Macintosh and Wallace, 2009) 

[1].  Supported by other researchers, Leman et al.(2008)[2,15] and Blengini et al. (2012)[3] 

indicated that the highest environmental impacts from manufacturing of aviation industry is 

majorly conquer by nitrogen oxides and volatile organic compounds (VOC). Even though most 

of the emission happened in the high altitudes, ground level also affected as emission of gases 

reacts vigorously at lower level of atmosphere. These continuous situations bring damaged to 

climate and ecosystem. Thus, it is important to cater the problem firstly at starting point of 

manufacturing process through identify and analyze the structure of aircraft materials and 

manufacturing as much detail as possible. Meanwhile, the goal of this study is to identify the 

potential and direct environmental impact specifically in aero composite manufacturing process 

of A320 panels. This study seeks to investigate the potential of each inputs materials used and 

consumption of utilities for instance electricity and water in this composite manufacturing 

process towards the environmental impacts. Besides, this study supports to find a way to 

minimize each of the impact assessments by each category. Composite manufacturing industry 

is the composites producer based company for aircraft body. As indicated by Mrazova (2014) 

[4], composite material is the material that consists of strong carry-load materials which are 

embedded in a somewhat weaker material. Aero composite materials such as glass fiber of 

commonly known as GLARE are being used widely in manufacture of aircraft engines, 

commercial airlines, military aircraft, helicopters and regional jets because of their suitable 
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weight, firmness characteristics and high performance. Furthermore, the advanced composite 

materials have unique properties such as fuel saving, longer lifespan, anti-corrosive and simple 

maintenance required. On the other site, manufacturing of aircraft panels resulting 

environmental impacts to the natural environment with application of glass fiber. This aligns 

with the aim of this study to analyze which processes in manufacturing aircraft panels are 

causing the highest impacts to environment, human health and ecosystem. Due to gate to gate 

system in this research, only certain part of process had been recovered from painting to staging 

process before being exports by air or sea and the functional unit is 288 panels of A320 aircraft 

panels with duration timeframe of 6 months production. The inputs involved in this processes 

is energy, water, chemical usage and fuel consumption. The outputs data were air emission and 

water effluents (Sargent et al., 2015)[5,11]. 

 

2 LITERATURE REVIEW  

Composite Materials 

Composite material is a strong structure which surrounds the weaker part of materials. The 

stronger materials part is recently known as reinforcement fibers whereas the weaker 

components called as matrix. Strength and rigidity of the reinforcement materials characteristics 

depends on criteria to retain and act as support system to the structural of loads carrier. This 

statement supported by book of Fundamental of composite manufacturing by Strong (2008)[6] 

claimed the reinforcement application is to increase hardness value, provide flexibility and 

other composites mechanical characteristic. The most frequently used of reinforcement 

composite material of glass fiber are exist in  3 forms which are woven roving, wove rowing 

mat and chopped strands. The characteristic of matrix are mostly more brittle to maintain the 

composite position, stability and holding the rigid shape. Honeycomb matrix is most frequent 

used in aero composite industry with epoxies resin as adhesive to produce high quality of 

composites. On the contrary, Helen et al. (2015) [7,14] proved that bisphenol A diglycidyl ether 

or BPA product contain in epoxy resin adhesive will cause negative impacts to ecosystem and 

aquatic animals by decreasing the pH value of river and stream.  

 

Life Cycle Analysis (LCA) 

USEPA (2015) [8] mentioned LCA is an effective approach to assess and evaluate the various 

impacts towards human health and environment related to wide different range of industrial 

processes. Another point is LCA is a complete analyzing tool for scanning from the raw material 

extractions until end of product life of becoming a waste. LCA can be applied globally with the 

well- known and reliable establish procedure. The importance of LCA is the ability to evaluate 

systems and product to be compared with reference basis, detect the impact towards nature, 

identify improvement options and determine the sensitivity of the results by data. LCA 

component framework includes of goal definition and scope followed by Life Cycle Inventory 

(LCI) of collecting related data, life cycle impact assessment (LCIA) that consists a few 

components like characterization until single score and interpretation as final phase for 

recommendation purpose. Figure 1 is the complete phases in conducting LCA. 
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Figure 1: Phase in Life Cycle Analysis. Source: (ISO 14040, 2006) 

 

SimaPro Software  

In order to evaluate the materials and product, SimaPro 8.0 was used as professional LCA 

software tool (USEPA, 2010)[8-9]. Ecoinvent, US LCI, Agri-Footprint, ELCD and Ecological 

scarcity are a few examples of databases provided by the SimaPro 8.0 and has high amount of 

customization to adapt with various particular study area of analyzing a complex product life 

cycle.in the same way, SimaPro comply with the ISO standards 14040 and 14044 for global 

standardization (Goedkoop et al., 2010)[10]. Due to these unique features, LCA tool is the 

most preferable method in designing and criticize the system or product by adding a green 

values.  

 

3.  METHODOLOGY 

The proposed method for LCA study is based on research methodology of six stages in 

conjunction with ISO 14040 standards as illustrated in figure 2 below.  The inputs and outputs 

of assemble the aircraft was recoded in data inventory in order to draw up a comprehensive 

balance of energy, materials and chemicals taken from the environment that enter the system 

and that leave the system as emissions to the environment before it was evaluated by the 

SimaPro 8.0 software and Eco-Indicator 99 impact assessment method. The result of the study 

was analyzed by SimaPro 8.0 which all the significant environmental categories and hot-spot 

were determined. 
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Figure 2: Process Flowchart  

 

4.  RESULTS AND DISCUSSIONS  

Business and government agencies primarily use LCAs to assess the potential human health 

and environmental impacts of resources used and emission released during production. The 

International Organization for Standardization (ISO) provides a complete set of procedures and 

standards which are ISO 14040:2006 and ISO 14044:2006 (see figure 2). The compulsory result 

to be discussed based on ISO standards include of elements in Life Cycle Impact Assessment 

(LCIA) referred to ISO 14042.  

 As stated in ISO 14042, the compulsory components are damage assessment and 

characterization whereas normalization, weighting and single score elements are optional. The 

3 damage categories in term of human health, ecosystem quality and resources will be assess 

the damage level by unit of DALY, PAF*m²yr and MJ surplus respectively. However for 

characterization phase, the 11 impact categories in detail will be evaluate: Carcinogens, Resp. 

organics, Resp. inorganics, Climate change, Radiation, Ozone layer, Ecotoxicity, Acidification/ 

Eutrophication, Land use, Minerals and Fossil fuels. Furthermore, the impacts indicators values 

from previous characterization phase are normalized by the reference value is known as 

normalization. Weighting goal is to standardize the units whereas single score step is a 

comparison step of all the inputs data. 

 

 

 

Phase 1: 

-Determine the suitable manufacturing company to 
conduct life cycle analysis study

-Prepare and write the proposal and official letter  

- Send the proposal and official letter to the company 
for cooperation 

Phase 2:

-Prepare Inventory Checklist based on Standard of ISO 
14041 and life cycle assessment of practical and 
practice (Curran, 2006) by referring to background 
nature of CTRM Aero Composite Sdn Bhd

Phase 3:  

-Organize the interview section with the person in 
charge -Identify the goal and scope definition includes 
technical details by referring to ISO 14040:2006 such 
as:

1 ) Functional units  

2) Ssytem boundaries

Phase 4:  

-Conduct Life Cycle Inventory (LCI) involves creating an 
inventory of flows from and to nature for a product system. 

-Inventory flows include inputs and output

Phase 5: 

-Conduct the impact assessment and significance of 
potential environmental impacts based on ISO 14044:2006

1) Selection of impact categories

2) Classification stage

Phase 6:

-Interpret and prepare the report of improvement 
assessment for the particular process of the company

-Systematic technique to identify, quantifies, check and 
evaluate information
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Damage Assessment 

 
Figure 3: Analysis by inputs of Damage Assessment categoryof A320 Aircraft Panels 

  

The major damaged to human health, ecosystem quality and resources is come from 

epoxy resin consumption with recorded value of 4.48379768 kPt, 0.145325235 PDF*m2yr and 

3.684458682 MJ surplus respectively. In manufacturing of A320 aircraft panels at CTRM, 

epoxy resin were used in composite fabrication at primary construction of core material with 

honey comb and at painting process by using epoxy as primer to improve the paint stripper of 

Adrox A6025. In this case, epoxy resin is a volatile chemical, it will produces VOC during 

finishing process of aircraft panel with acetone applying for protection surface purpose located 

at painting shop. Epoxy resin was believed affecting the respiratory system by significant 

decreasing the lung function (Sargent et al., 2015) [5,11]. This situation explained as epoxy 

resin may produce mucous lining at lung and subsequently lead to sensitizing effect (Sullivan, 

Gary, Williams & Wilkins 2001)[12].   

 The second damage to resources is electricity consumption at the high voltage with 

value of 47.23952357 MJ surplus. Electricity power generation in Malaysia significantly 

depends on natural gas, coal and fuel-oil (Syahril et al., 2016)[13] and in this situation the 

energy supply of electricity production for CTRM is from natural gas. The company used a 

large amount of electricity to run the high scale machineries especially for autoclave 

machineries in pre-curing processes and painting process. In other word, the raw material of 

natural gas is fossil fuel; as a result it can cause damage to resources due to depletion of non-

renewable materials. 
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Characterization 

 
Figure 4: Characterization category of A320 Aircraft Panels 

  

As indicated in Figure 4 of characterization graph, epoxy resin causes the most 

environmental impacts to all impacts assessment except minerals. As previously mention 

before, epoxy resin or known as PR 205 Base will produce VOC during painting process. This 

situation may lead to negative impact to human respiratory system.  At the same time, the 

chemical composition of PR 205 Base contain Bisphenol A (BPA) act as monomer. In addition, 

BPA is harmful to the environment and is considered to be an endocrine disrupting chemical 

(EDC). This statement support by research done from Helen et al. (2015b)[7,14] proved that 

BPA will cause water disturbance in physical and chemical conditions, such as salinity, pH, 

and temperature, will have profound effects upon the environmental fate, bioavailability, 

bioaccumulation and toxicity of BPA in the marine environment and climate change. Electricity 

located at the second ranking which causes depletion to ozone layer with value of 6.800561 

DALY. Furthermore, the glass fiber recorded as the third highest impact to respiratory inorganic 

with value 4928.96 MJ surplus. Besides that, as derived from previous studied (Leman et al., 

2008)[2,15] glass fiber may cause acute irritation to the skin, eyes and upper respiratory tract 

and in prolonged duration of time,  serious effects such as brain damage and mutation in blood 

cells. 

 

Normalization 

The definition of normalization is a magnitude calculator of the category indicator results 

corresponding to reference information. The significant of normalization is used to check for 

inconsistencies, to discuss information on the relative significance of category indicator results 

and to readily prepare for additional phase elements for example weighting and interpretation 

(ISO 14042, 1999). This is why normalization phase is optional steps in LCIA. The 

normalization result of manufacturing A320 aircraft panels was recorded in table 1 below.  
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Table 1: Normalization Table of Damage Categories 

Damage category Human Health Ecosystem Quality Resources 

Unit - - - 

Total 907.716289 17.28921206 286.2764372 

Aircraft Panel  A320 

(Painting Process by input) 
1.3702E-06 1.26938E-08 0 

Epoxy resin, liquid {GLO}| 

market for | Conseq, U 
11.2094942 0.363313087 18.42229341 

Glass Fibre Reinforced 

Plastic, polymide, injection 

moulded {GLO}| market for 

| Conseq, U 

5.59858002 0.153939041 3.248635079 

Electricity, high voltage 

{MY}| market for | Conseq, 

U 

889.224948 16.40091318 236.1976178 

 

The overall damaged to all impacts categories was electricity followed by epoxy resin 

in liquid form and glass fiber as main fiber used in building of A320 panels.  The measured 

values of overall damaged were 889.224948, 11.2094942 and 5.59858002 respectively. From 

the result, these can be said that the use of natural gas to generate electricity is the most harmful 

to human health because of fine particulate emission during burning of gas. Asthma and 

bronchitis are example of respiratory illness when expose to high contents of fine particulates 

of air. Subsequently, epoxy resin (PR 205 Base) brings the highest impact to resources and third 

highest impact to ecosystem quality with total value of 18.42229341 and 0.363313087 

accordingly in order. In context of damage to resources, the raw material for produce the  resin 

is derived majorly by non-renewable energy even though plant derived glycerol to make epoxy 

resin existed (Elaine, 2003)[16]. Using of glass fiber in manufacturing aircraft panel will 

affected human health with 5.59858002, resources with recorded value of 3.248635079 and 

ecosystem with 0.153939041. According to studied by Zhong et al,(1997)[17], glass fibers were 

poisonous to cells and DNA damaged. As a matter of fact, glass fiber cause damage to spindle 

of DNA produce narrow and thin-damaged nucleus.  

 

Weighting and Single Score 

Similarly with normalization, weighting and single score are considering as an optional steps 

based on ISO standards. The relevant issues for conducting weighting step is to expressing the 

related selection of stakeholders or an organization according to policies, beliefs and goals. In 

a meantime, single score is similar to weighting phase in values and units elements but slight 

different in comparison the inputs data.  
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Table 2: Weighting Table of Damage Categories 

Damage category 

Human 

Health 

Ecosystem 

Quality Resources 

Unit kPt KPt kPt 

Total 363.086516 6.91568482 57.255287 

Aircraft Panel  A320 (Painting Process by input) 
5.4808E-07 5.0775E-09 0 

Epoxy resin, liquid {GLO}| market for | Conseq, U 
4.48379768 0.14532523 3.6844587 

Glass Fibre Reinforced Plastic, polymide, injection 

moulded {GLO}| market for | Conseq, U 

2.23943201 0.06157562 0.649727 

Methylamine {RER}| production | Conseq, U 
0.38584029 0.09723228 3.2166638 

Electricity, high voltage {MY}| market for | Conseq, 

U 
355.689979 6.56036527 47.239524 

 

 The usage of methylamine may cause severe skin irritation and blurred vision during 

excessive exposed with measured value of 0.38584029 kPt. This is because the used of 

methylamine as cleaning agents will increase the percentage to damage the eye vision. Based 

on the single score result (see figure 5), CTRM face a risky situation due to large scale of 

electricity consumption specifically in painting department. Hence, painting department area is 

known as hot spot for A320 aircraft panels manufacturing process in this industry.  

Figure 5: Single Score graph 

 

5.  CONCLUSIONS  

The aim of this paper was to identify and evaluate the environmental impacts of manufacturing 

A320 type of aircraft panels at the post curing process that cause impacts to human health and 

natural environment. These post curing process are energy consuming and released most of the 

toxic and harmful gases that can contribute to environmental impacts and damages such as 
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ozone depletion, carcinogen and ecotoxicity. Based on the result obtained, three inputs were 

identified that have the greatest environmental load during the production of A320 aircraft 

panels which are epoxy resin, electricity and glass fiber. This is due to these respective materials 

are high production of VOC and emits harmful gases to atmosphere lead to respiratory diseases. 

The hotspots identified were at painting process as most of the epoxy resin and electricity usage 

were high at this departments. Therefore, the best method to controlling the environmental 

stresses is through the Life Cycle Analysis (LCA) compared to “end-of-pipe” approach. 

 

6.  SUGGESTIONS  

To lowering the environmental impacts and create safety in manufacturing of A320 aircraft 

panels, the following strategies are recommended: 

 Energy Audit (ISO 5001) 

 Green Building Practice 

 Installation of Solar Panel 

 Substitution with Greener Epoxy Resin 

 Application of Agro Waste Composite 
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ABSTRACT  
This paper presents the approach of improvement for the design and structure of the packaging 

used by e-commerce. The goal of this study is to provide a feasible solution to reduce the 

environmental impact of waste produced by packaging and at the same time helping retailers to 

utilise a more eco-friendly packaging solutions. This is important as packaging generates a lot 

of waste that are harmful to the environment and the amount of waste will increase year by year 

due to the rapid growth of the e-commerce industry. To gather the data needed for the research, 

difference reference materials were used such as articles, research journal, books and the 

internet. Some interviews were also conducted with various respondents to gather the data. 

Starting from the analysis of the available materials, several solutions of packaging design are 

developed and tested. This paper addresses the above ideas and presents the design process, 

results of data collection and some experimental tests. 

 

Keyword: Eco-friendly, E-commerce, Packaging, Structure, Waste.  

 

INTRODUCTION  
The potential of the Internet as a unique and effective communication channel provide 

opportunities for the retailers as a platform to expand their business (Rigby, 2011). Over the 

past twenty years, e-commerce sector has experienced rapid growth and evolved from a novelty 

segment into a multi trillion business (Hoffman, Lannes & Dai, 2012). One of the important 

aspects of e-commerce is the packaging of the product during delivery which differs from the 

packaging of physical retailing.  

 The principal role of packaging in online retailing business is to protect the product 

delivered from damage during transportation. Packaging also solves a wide variety of tasks 

aside from protecting the product from damage. Packaging protects the product from 

contamination and facilitates the transportation and storage of goods. Furthermore, packaging 

enhances the product advertisement and contributes to a large-scale distribution of the products. 

 

The growth of e-commerce in Malaysia 

The rapid development of Information and Communication Technology (ICT) and the 

increasing usage rate of the Internet have enabled Malaysian to use the e- commerce in business 

and daily activities (Omar & Anas, 2014). Established as one of the most dynamic digital 

ecosystems in Southeast Asia, the Malaysian e-commerce market is growing rapidly. Table 1.0 

shows the current top 10 leaders of e-commerce websites in Malaysia. 

 

                       Table 1: Leaders of e-commerce websites in Malaysia. Source: AseanUp. 

Name of Company Description Estimated Monthly 

Traffic (RM) 

Lazada Malaysia Online marketplace for retailers to 

sell their own products. 

45,000,000 

11Street Malaysia Online marketplace for retailers to 

sell their own products. 

13,000,000 
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Shopee Malaysia Mobile online shop also providing 

a regular web shopping experience. 

12,500,000 

Lelong.my Marketplace for consumer and 

business to sell product. 

9,050,000 

Carousell Malaysia Marketplace for anyone to sell 

product directly to customer. 

2,450,000 

Zalora Malaysia Platform for fashion brands to sell 

their products to the site’s visitors. 

2,350,000 

Qoo10 Malaysia Platform for women and fashion 

with a large portfolio of Korean 

products. 

1,800,000 

Ebay Malaysia Caters to all general products 

categories. 

1,600,000 

Fave Specialized in coupons and deals 

gathering promotions. 

1,250,000 

Hermo Beauty and cosmetics online retail 1,200,000 

 

The adoption of e-commerce by Small Medium Enterprise in Malaysia 

Small Medium Enterprise (SME) is vital to the economy of a developing country like 

Malaysia. According to SME Annual Report 2016/17 by SME Corporation Malaysia, rapid 

advances in technology are compelling many companies, including SMEs, to re-assess 

fundamental aspects of their business, including what products and services they sell, how they 

deliver these and how they need to organise to support their operations. However, according to 

Malaysia Digital Economy Corporation, there is only about 10% of SMEs in Malaysia were 

involved in e-commerce in 2015 (TheSunDaily, 2017). To boost Malaysia SMEs involvement 

in e-commerce, The National eCommerce Council (NeCC), comprising of various Ministries 

and Agencies, was established to lead the implementation of the plan towards doubling 

Malaysia’s e-commerce growth rate and achieve a GDP contribution of RM 211 billion by 

2020. This will increase Malaysia SMEs involvement and success in the e-commerce.  

 

Role of product packaging in e-commerce  

Packaging is used to achieve four main communication functions; 

• Communication of information including content, destination, and means of handling.  

• To protect the product quality (Regattieri et al, 2018). 

• Promoting the product. 

• Enhancing communication with consumers (Mohebbi, 2014). 

The first function of packaging in e-commerce concerns logistics, since packaging should 

protect products in transit. One of the reasons for increased expense of packaging is to reduce 

the occurrence of damage and spoilage of the product (Regattieri et al, 2014). Packaging for e-

commerce should have narrow and standard dimensions, minimum weight and minimal void 

space in order to minimize the number of shipments and vehicles. Packaging materials is 

another important aspect as the package should use only one type of material in order to 

facilitate the recycling of products and have to be bio-degradable to reduce pollutant emissions 

(Miralles, Ortí & Martínez, 2015).  
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Logistic flow of e-commerce  

E-commerce logistics utilise web-based technologies to support the material acquisition, 

warehousing, and transportation processes of e-commerce. The product goes through the 

process that is shown in Figure 1: 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Flow of product in e-commerce.  

Source: BillerudKorsnäs 

 

The design characteristics of packaging  

1. Aesthetic  

The aesthetic of a product can be defined as communication through products. Aesthetic 

of packaging includes the package colours, material, instructions and typography that are 

employed by manufacturers and retailers to beautify their market offerings. The aesthetics 

design elements are used to appeal to the target market and stimulate the consumer purchase 

behaviour (Mutsikiwa & Marumbwa, 2013).  

2. Colour 

Packaging plays an important role in marketing communication of a product. The right 

choice of colour can clinch the sale and a wrong colour can fall short (Javed, S.A. & Javed, S, 

2015).  The packaging colour should be supervised as a marketing strategy. A lot of companies 

use colours as their own distinctive tool and trademark (Aghdaie & Honari, 2014). In order to 

utilise colours in their marketing activities, online retailers need to understand which emotions 

& needs each colour can trigger from the target customers (Babolhavaeji et. al, 2015). Table 2 

shows the meaning and effect of colour that can be used in marketing. 

             

Table 2: Meaning of Colours (Content adopted from Scott-Kemmis, 2013) 

Colour  Represent Effect 

Red Energy, danger, power, passion  Attracts attention, aggressive 

Orange Enthusiasm, stimulation, creativity. Associated with joy and energy 

Yellow Joy, happiness, intellect, and energy. Arouses cheerfulness, stimulates 

mental activity. 

Green Trust, loyalty, wisdom, confidence. Calming and beneficial to the 

mind and body. 

Purple Power, luxury, ambition, wisdom, 

dignity, creativity, mystery. 

Conveys wealth and 

extravagance. 

White Safety, purity, light, cleanliness Depicts faith and purity. 

Black Power, elegance, formality, and mystery. Strength, authority and also a 

symbol of grief. 

 

Online research 

before purchase 
Placement of order Inbound Logistic Preparation of order 

before picking 

Picking of product Sorting of order Packing of order Compiling parcel 

into cart/pallet 

Outbound Logistic Delivery of order 

to customer 
Return of order. 
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3. Ergonomic 

Everyday consumer makes contact with packaging product. The design of the packaging 

is an importance aspect for the consumer in terms of safety and function. Many consumers have 

experienced injury when dealing with packaging product. Zunjic (2011) give the example of 

packaging that contributes to the injuries such as variety type of bags, glass container, metal 

containers and plastic/wooden packaging product. Some of the injuries are cut from sharp edges 

of packaging, sprayed content of packaging into children eye and injuries that happen to 

individuals when using excessive force to open a packaging. The lack of visible instruction on 

how to open the packaging leads to the use of aggressive approach to open the packaging 

product. Other important aspect of the ergonomic of packaging design is the informational 

aspect that is placed on the packaging. Unsatisfactory presentation of information on the 

packaging may results in inadequate use of the product (Zunjic, 2011).  

 

Material of the packaging  

As companies pivot toward e-commerce, retailers must keep an open mind to change. For 

example, rigid package or glass formats that may work well for shelves in physical store could 

be prone to damage when shipped cross-country to a consumer’s home. The format of the 

design and the materials of the packaging must be changed to suits e-commerce and not the 

traditional retail format anymore (Bemis Company, 2016). The environmental factors also 

needed to be considered in choosing the packaging materials. Eco-friendly materials and 

biodegradable materials are the alternative to traditional packaging materials.  

 

1. Corrugated Box packaging 

Corrugated boxes are very common and widely used packaging material for e-commerce 

industry. Corrugated fibreboard is widely used in the packaging industry because of its 

lightness, resistance to shock and low cost. The corrugated board is a sandwich plate composed 

of cores and facing plates agglutinated between paper strips or paperboard. Corrugated 

fibreboard also offers adaptability to be used in decoration and printing and is commonly 

recycled (Ma, Gong, Zhao, Han & Wang, 2014). 

 

 
Figure 2: Corrugated Box 

 

2. Moulded Pulp Packaging 

Moulded pulp products (MPPs), are primarily used for the packaging of manufactured 

products or for food related carriers, such as food containers and serving trays as used for egg 

packaging. Made of wood fibres, essentially cellulose, MPPs are generally totally renewable 

and biodegradable. These qualities have enabled the material to grow as the chosen packaging 

method, with companies eager to embrace the alternatives to oil-based forms of packaging due 

to government regulations and also customer demands (Didone, Saxena, Meijer, Tosello, 

Bissacco, McAloone, Pigosso, Antelmi & Howard, 2017). 
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Figure 3 Moulded pulp packaging example 

 

3. Mycelium/ Mushroom based packaging 

Materials from environment which may be derived from natural resources, like starches, 

proteins and others will inflict less or nearly no harm on the environment and the environment 

dependent species (Singh, Sharma & Malviya, 2011). Kriplani(2016) provide an example of 

eco-friendly packaging which is developed by IKEA. The packaging which is called the 

‘mushroom packaging’ was made from corn husks and other agricultural waste. The boxes are 

made using mycelium and these boxes will naturally decompose. 

 
Figure 4 IKEA ‘mushroom packaging’ 

. 

METHODOLOGY  
Figure 6 shows the methodology adopted in this paper. The methodology focused on three key 

tasks: gathering publicly available data from literature that could prove the problem of 

packaging waste generated, collection via questionnaires from e-commerce users to understand 

user experience of packaging and packaging waste and also interview with retailers and courier 

service provider which play important part in e-commerce. 

 
Figure 5: Methodology 

Identify 
customer 

needs through 
questionnaire 
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Establish target 
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Generate 
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Select product 
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Product 
concept Test

Final 
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Customer Demands 

The needs of e-commerce customer are different from physical retail customer. The 

questionnaire regarding questions about user experience with e-commerce and also their 

experience with packaging are needed to determine the important specification that will be used 

in the design stage. The questionnaire was distributed to 60 respondents with variety of 

demographic range. It is important to consider different background of customer as e-commerce 

user includes all range of people.  

 The interview with regular user of e-commerce is done to determine the aftermath of 

product delivery. The waste generated from e-commerce packaging is increasing and the 

packaging must be improved so that the amount of waste generated will be reduced. A product 

observation was also done to obtain data about the current condition of e-commerce process. 

 

RESULTS 

The questionnaire was distributed in order to find the information about e-commerce user in 

Malaysia and also the user experience with the service and packages used. Data gathered can 

be used to determine the specifications for the proposed concept of packaging. The 

questionnaire was distributed around the Klang Valley area. The questionnaire gathered 60 

respondents with variety of background. 

Next primary data was collected through observation of current e-commerce product 

delivery. The observation had been done by the researcher to observe how the product was 

delivered in e-commerce. The product was delivered through a courier service. The researcher 

had placed an order through an e-commerce platform and the product delivery experience are 

observed. The packaging condition, product condition and amount of materials used in the 

service are observed.  

The related secondary data are used to support the research result.  The data are obtained 

from books, reports, journals and internet article. Previous researcher provided information 

needed to support this research. This data are reviewed and compared to the result and findings 

of the research. 

 

User Experience Survey 
60 respondents contributed to the result of the survey. Among the 60 respondent, only 3.3% 

never used any e-commerce shopping platform as shown in figure 6, which shows how the e-

commerce retail have been accepted by consumer in Malaysia. But even though the consumers 

are using the service, there are some problem regarding the quality of the service. 

 
Figure 6 Frequencies of online shopping of Malaysians 

According to the survey, 41.7% experience packages that arrive in poor condition such 

as torn package and damaged product. This is supported by a report from Malaysian 

Communication and Multimedia Commission received a total of 200 complaints on the postal 

and courier services industry, an increase of 40% from 143 complaints in 2015. From 200 
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complaints, 70 complaints are about poor product conditions. The data shows that the packaging 

used in e-commerce need to be improved so that the product arrived safely throughout the many 

stages of e-commerce. 

The questionnaire also find out that big portion of the respondent which is 40% throw 

away the packaging after getting the product. This means that a lot of waste is produced with 

e-commerce.  The user of e-commerce also agrees that usage of bio-degradable materials in 

packaging can help in reducing the amount of waste produced.  

 

Product Delivery Observation  
An observation was done at the Poslaju courier service. The purpose was to know how the 

package was handled and delivered. Hundreds of packages was sorted and delivered in a day. 

With many packages sometimes delivered on delivery van and sometimes delivered by 

motorcycle. Each package is in risk of damage due to handling of many people during the 

delivery process from the online retailer until it arrives to the customer.  

The observation was also done by placing an order using the online platform to 

understand the process of e-commerce. The product was ordered through Shopee, an online 

retail platform and was delivered by Poslaju courier service. The product arrived safely without 

any damage. But the package was a little bit damaged even though the product was not harmed. 

The package was layered with plastic holding the product, corrugated cardboard box, bubble 

wrap and Poslaju plastic label. Figure 6 shows the condition of product upon arrival and the 

number of packaging materials used. The usages of many layers of materials are done to keep 

the product safe during delivery process. 

 

 
Figure 7: Materials used are: corrugated box, foam and standard courier service plastic. 

 

Concept Design 

The proposed solution to reduce waste is to implement biodegradable material which is 

mycelium material. The material can be used to replace the foam and corrugated board used in 

current scene of e-commerce. Agriculture waste such as corn husk, sawdust and others can be 

used as the substrate to produce this material which shows that not only this material will reduce 

packaging waste but also utilise agricultural waste to produce it.  

 The design is to shape the material not only to replace foam used in parcel boxes, but to 

shape the material into the box itself to remove the many layers of different materials. Figure 8 

shows the packaging concept. The material was shaped into the box shaped that will ease 

delivery and handling. Joining material such as tape is replaced by a band that can be reused by 

customer. The packaging also is easy to use and can biodegrade easily. The material can be 

moulded into any desired shape so the it can be moulded differently to package another type of 

product. 



ICSET 2018 268 

 

 
Figure 8: Packaging concept. The package doesn’t use multiple layers of materials to protect 

the product. 

 

DISCUSSION  
The data obtained from the study shows that e-commerce is widely accepted by the people 

worldwide and the platform has its advantages and disadvantages. E-commerce make consumer 

shopping experience more convenience and easy but as the same time the aftermath of the e-

commerce process can be a disadvantage. 

The amount of waste produced with each purchase is harmful to the environment. The 

process of e-commerce that includes many handling stages forced the retailer and courier 

service provider to utilise more packaging material thus producing more packaging waste in the 

end. The features of the package itself that cannot easily be recycle and reuse also contribute to 

the amount of waste produced. That is why the proposed solution is to use a sturdy and bio-

degradable packaging material such as mycelium packaging that can easily degrade to reduce 

packaging waste. The packaging also can be designed to have another function after the product 

was obtained. This will encourage the user to reuse the material. 

Design of the packaging also can be improved to increase the strength of the packaging 

material. Increasing the strength will reduce the amount of damaged product in the delivery 

stage. The aesthetic aspect of the package also needs to be improved to match the changing 

demand of consumer. Lastly, the ergonomics aspects of the packaging need to be considered to 

give a better experience for the customer.  

 

CONCLUSION  
Recently, the importance of packaging has become relevant due to its role in e-commerce. The 

packaging is vital to the process of product delivery. The design, strength and material used 

prove to be essential in redesigning a better packaging for suitable for e-commerce process. 

Meanwhile, the environmental impact of packaging waste is increasing due to the quantities 

and quality of the discharged materials after the delivery. The presented research proposes 

multiple ways to improve the design of the packaging to be used in e-commerce for a better 
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user experience and environmental effect. This study serves as a starting point for future 

research on the continuous approaches and methodologies for the usage of different materials 

and structure design of packages in e-commerce.  
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ABSTRACT 

Bicycling is a common means of transportation as well as an increasingly popular source of 

recreation, exercise and sport. When riding the bicycle, it is important to take proper precautions 

before and during cycling to stay safe. Cyclist need to do investment in safety equipment such 

as protective clothing, safety light and helmet to prevent a significant number of injuries. The 

“Safety Light” is defined as a tool that attached to bicycles with a purpose to improve the 

visibility of the cyclists to other road users under circumstances of poor ambient illumination 

and help to reducing the risk of being involved in an accident or dangerous situation especially 

at night. It’s because of the cyclists can be hardly seen at night without light support and a 

visibility limitation make the cyclists particularly in dangerous. By implementing the 

sustainability into the design of the product, its can help to reduce difficulty and unnecessary 

movement when cyclist use the product. Besides, sustainable in lighting is important because it 

can affect the life cycle of the product which is energy savings and can be used for a long term. 

The sustainable in lighting also is important because it can affect the surrounding with an 

unnecessary bright light to the other vehicles or pedestrian. This research is focuses on the 

cyclists because there are using the same road like other heavy vehicles and have a high 

potential to involve in accident. 

 

Keyword: Bicycle, Safety Light, Illumination, Design Process, Sustainability. 

 

INTRODUCTION  

Carelessness and sensitivity while driving are a factor of statistic increase in accidents among 

cyclists and motorists because they do not notice the riders, indeed responsibility as an 

Industrial designer fostering a new ideas to develop a new safety light design for bicycles that 

can serve as a warning sign within a certain distance to inform the vehicle behind is a must. 

(Bates, et al., 2016), (Berto, F. J. 2017) & (Bicycle Guidelines (n.d.).  Therefore, research has 

to be carried out and it is very important because according to statistic of Bukit Aman Traffic 

Stations, an average of 15,552 accidents involve bikes within a year between 2008 and 2017. 

Almost half of the accident cases involving teenagers and senior citizens. The deaths caused by 

bicycle accidents in Malaysia can be considered serious as the average case is almost daily. 

The dominant age group was more than 60 year-old which represented about 26% (234 

fatalities with average of 46 per year) of the total cycle fatalities. Fatalities among other groups 

were scattered between 20 to 49 fatalities excluding the age of 1 to 5year-old (Hamzah, et. 

al.,2016).More than half of cycle fatalities occurred in the federal (28%) and state (25%) roads, 

about 19% of fatalities occurred in municipal roads. For locality, rural (31%) and small town 

(14%) area dominated the fatality record. Fatal cases in town and city were rather comparatively 

low which is 9% and 3% (Hamzah, et.al, 2016). Straight road section was the most dangerous 

for cyclists which is 63% and was followed by junction (6.9%) and cross junction (4.5%). The 

curve sections and roundabout are 3.7% and 1.7%. (Hamzah, et. al., 2016). More than 200 

fatalities occurred around the time of 1801-2200 hours and were closely followed by 0601-1000 

hours which is more than 160 fatalities. The time intervals coincide with the common peak 

commuting time. Moreover, cycle fatalities spread in all time intervals including midnight and 

early hours (Hamzah, et. al., 2016). 
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Factor Risk 
Executive Director of Anak Malaysia Malaysia Universiti Putra Malaysia, Prof Madya Dr 

Kulanthayan KC Mani said that the factors could cause an accident is; (i) the cyclists are not 

wearing helmet, reflector vest or bright cloth, and not using safety light or reflector light, (ii) 

the cyclists moving in group or blocking traffic and (iii) cyclist who were riding bicycles at 

night were exposed to accident as the other road users only realized their presence when their 

vehicle’s proximity was too close (Sinar Harian, 2017). The driver distraction has contributing 

factor in 25-50 percent of all crashes, causing an estimated 4,000 to 8,000 traffic each day. 

Driver distraction comes in many forms, from talking or texting on a cell phone to reading map 

or direction (Fletcher, 2009). 

Department for Transport, found that in 2% of cases where cyclists were seriously 

injured in collisions with other road users police said that the rider disobeying a stop sign or 

traffic light was a likely contributing factor. Wearing dark clothing at night was seen as a 

potential cause in about 2.5% of cases, and failure to use lights was mentioned 2% of the time. 

The main cause of crashes seems to be 'failed to look properly', whereas very few cyclists are 

injured or killed acting illegally, such as failing to use lights at night or disobeying traffic signals 

(Walker, 2009). 

When riding the bicycle, it is important to take proper precautions before and during 

cycling to stay safe. Cyclist need to do investment in safety equipment such as protective 

clothing, support light and helmet to prevent a significant number of injuries (P. Cunha, 2017). 

 

Mechanism - Clip Clamp 

A clamp is a fastening device used to hold or secure objects tightly together to prevent 

movement or separation through the application of inward pressure. A clip mechanism in which 

a revolve arm spring is fastened at the centre of two relative handles providing the two revolve 

arms are expanded to the inner side of each handle, so as to enable the front edge of the two 

handles having a force in clamping. In addition, inside the front edge of each handle is formed 

relatively a proper plain area contacting with each other.  

The plain area is formed an inner concave, which is protruded with a pillar. The head of 

the pillar is expanded to be a big edge, so as to enable the protrusion surface of clip plate to 

embed into the pillar of inner concave (Shui-Shang, 1998). 

 

Material - Polypropylene 

Polypropylene has a crystalline structure with a high level of stiffness and a high melting point 

compared to other commercial thermoplastics. The Hardness resulted from the methyl groups 

in its molecular chain structure. Polypropylene is a lightweight polymer with a density of 0.90 

g/cm3 that makes it suitable in many industrial applications. Still, polypropylene is not suitable 

to be used at temperatures below 0°C (Maddah, 2016) 

 

Ergonomic 

Light 

Eye has a complex structure, where the most important part is weighted to retina, and 

complicated network of cells. This network is not homogenous, because it is built from light 

intensity preceptors and colour preceptors, which together build a picture. For light intensity 

perception eye has rod sensors, while for colour perception use cones in retina. Cones are 

concentrated around the macula, while rods disperse all around, although with reduced 

concentration when go from macula onwards. This allows us to understand accurate colored 

picture during the day, when our pupil is tight, and shades of grey, during the night time, when 

our pupil is dilated (Skansi, 2012). The ergonomics of lighting is the relationship between the 
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light source and the individual that are clearly has a significant effect on productivity (Powell, 

2002). 

 
Fig 1: Shows the Reaction of Eye Effected By Light (Source: Powell, 2002) 

 

The sensory cells, rods and cones have a different function, so while during the day, 

when people do have a lot of natural light, and the pupil is tight, visual data are collected by 

cones. This is what called photo pic vision. From the other hand, during the night, it is about 

scotopic vision, when rods are the main sensory element of eye. Figure 2.13 below shows 

approximations of the different types of vision. During the twilight, a combination of both types 

of cells is active, and it about mesopic vision. The eye is a paired organ, and this helps people 

to understand volumes and distances, but at the same time, every eye sends its own picture to 

the brain, where this picture (in the form of electrical signals) is analysed and interpreted 

(Skansi, 2012). 

 

Effect of Colour 

The long wave length colours may be more effective warning signals than short-wavelength 

colours for example ultraviolet, blue, and green because they are more conspicuous when 

viewed against green foliage and are more reliably seen across a diversity of habitats (Pegram, 

et. al., 2015). 

Orange - The orange light means, stop if safe to do so, not go through if possible and 

the others vehicle will alert to the user when the user turn signals or indicators near left or right, 

the user is intending to turn.  Red - long-wavelength (red) light has the potential to increase 

alertness and perhaps maintain performance at night without suppressing melatonin (Figueiro, 

et. al,.2016). 

 

Sustainability 

According to N.Seyajah et. al., 2016, as an industrial design designer, the most important thing 

in creating designs is addressing the problem solving and making decisions quickly and 

correctly is a must especially in dealing with the issues creating a new product. Neither the 

designers should be smart in controlling the consequences involved with sustainability issues 

can be overcome easily and in an orderly manner. 

 

Sustainable of Design 

These newly designed products and services offer increased functionality and ease of use, 

longer life spans, easy disassembly or recyclability, lower environmental impacts which can 

save the budget, and improved materials sourcing and production which can positively affect 

communities. In other words, sustainability offers added value through better quality and lower 

price. 
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By redesign an existing product for which the specific market and manufacturing 

conditions are already known, taking into account its primary function. A product’s 

improvement potential can be determined relatively easily as the product already exists, so 

market and manufacturing information is readily available (Clark, et. al., 2009). 

 

Sustainable of Light 

Light-emitting diode (LED) are relatively new light sources, but are already widely applied for 

outdoor lighting. LED is very different from other lighting sources such as incandescent bulbs 

and CFLs. It is because of the LEDs have a small size compare to the other light. Besides, the 

LED light can last up to 10 times longer than fluorescent, and 40 times longer than incandescent 

bulbs. LED also known as a durable light because do not have a filament and not damaged 

under circumstances when a regular incandescent bulb is broken. LED light use only 2-17watts 

of electricity compare with incandescent which is 1/3rd and CFL is 1/30th (Eartheasy, 2018). 

 

METHODOLOGY 

The data is collected and can be divided into two types which are primary and secondary data. 

This phase includes of obtaining information through the article, interview and observation. 

The data collected from the two sources are then analysed in order for the researcher to 

establish design specification. When the criteria have been specified, sketches are produced, 

followed by mock-ups which then leads to the final design as shown in table 1.  

 

Table 1: Methodology used throughout the project 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quality Function Deployment (QFD) 

Quality Function Deployment (QFD) known as the measure of customer satisfaction with a 

product or a service, it is a structured method that uses planning tools to identify and prioritize 

customers’ expectations quickly and effectively. Quality Function Deployment (QFD) 

methodology will focus on the most important product attributes or qualities. By using Quality 

Function Deployment (QFD), product and service development cycle times will improve 

impressively thus will increased customer satisfaction. In figure 2 below shows the template of 

Quality Function Deployment (QFD). 
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Fig 2: Shows the identify and prioritize customers’ requirement 

 

Product Design Specification (PDS) 

PDS function is to ensure that the design used actually addresses the customer needs. PDS begin 

by defining all the customer needs, which are stated by the customer. Then, all the needs will 

be converts to engineering specifications. Each specification consists of a metric, a weighting 

of importance, units, a marginal value, and an ideal value, this specification is metric that can 

be measured. It is useful in reducing design component to the basic form, allowing the designer 

to design with a specific condition. 

 

RESULTS 

The data collected during the research are based on the highlighted methodologies given. The 

Questionnaire are conducted to study the problem arise when cyclist using the current product 

in the market. Below are the questions and response for selected questionnaire question. 

                             

Table 2: Questionnaire response data 

Question Response 

Safety light needs to be improve and 

redesign 

77% claim that current safety light need to 

be improve and redesign 

Current product have limitation design and 

function 

65% vote safety light in market has 

limitation design and function 

Safety light included with indicator light 62% agree safety light is suitable to be 

included with indicator light 

Create portable indicator safety light 86% vote to create portable indicator safety 

light 

Product easily removed 67% respondent prefer the product can be 

easily removed 

 

Concept Design 

Conceptual Design is an early phase of the design process, in which the product outlines of 

function and form of specification that articulated from the user need is sketch out. It includes 

the design functionality, ergonomic and product interaction with the user. According to the 

Quality Function Deployment (QFD) that has been done, the criteria needed has been selected 

and been sketch out to three potential concept design as shown below in figure 3, figure 4 and 
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figure 5, shows that the features suggested in each design, where each design proposal has its 

own features, according to the needs and designs that characterize current trends. 

 

Feature 

 
Figure 3: Concept 1 

 
Figure 4: Concept 2 

 
Figure 5: Concept 3 

Adjustable length for each 

side 
Easy to assemble by part Flexible shape 

Large scale of light 
Using Magnet to attach each 

part 
Attach with reflector light 

Using L.E.D Light Using L.E.D Light Using L.E.D Light 

 

Product Design Specification (PDS) 

From the Quality Function Deployment (QFD) data information as an above, the customer 

requirements and specification can conclude that the design specification as mention below:  

Function: 

 Indicator safety light is light support for the cyclist while their riding the bicycle to avoid 

any unpredictable dangerous because of the other vehicles or driver can’t see them. Indicator 

safety light is a new improvement of safety light that have been applied to the bicycle which 

have indicator light to give information to the other vehicles or drivers while sharing the same 

roads.  

 

Client Requirement: 

 Device should be portable which is easy for the user to store it if don’t want to use it.\ 

 Device should have indicator light to let other vehicle notice the cyclist when their want 

to change direction 

 Device should be easy to use and light weight for not restrict the cyclist movement. 

 Device should be easy to attach and remove to save time and minimize unnecessary 

movement. 

 

Design Requirements: 

1. Physical and operational characteristics 

a) Performance requirement 

Adjustable for horizontal length for 4 centimeter of each side and can be fixable in position 

less than 30 second. Indicator light blinking when the button pressed and turn off 

automatically after 10 second. 

b) Safety 

The device should not have any sharp areas or abrasive material, and should not contain 

metal. The device must displaying proper positioning of left and right and not have any 

confusing label or sign. 

c) Ergonomic 

The device must be convenient to handle and store and easy to set up and dismantle. Device 

should be capable to set up by one person.  
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d) Size 

The device can be adjustable for different length with is 4 centimeter for each side.  The 

device should fit to the seat tube for easy transport and have the ability to be carried in one 

hand. 

e) Material 

The device should not contain metal. The material should be light weight as possible, 

preferably plastics which is polypropylene. 

f) Aesthetics, appearance and finish 

The safety light must have original color which is red for sign alert or caution same goes to 

the indicator which is orange color. For the base of the device are more suitable with black 

color to make the red and orange color more expose its colour or brightness. 

 

DISCUSSION 

There are many improvements that must be conducted for the bicycle safety light before the 

product to be ready to be manufactured. A more thorough testing and specific manufacturing 

process should be made and observed especially on the material function of the product. There 

are various factors that are not incomplete in this research due to the research limitations. First 

factor is the research only focus on the bicycle safety light. It is recommended that the further 

researcher can make this product be used by others people with difference transport. 

This research is about a developing and improving the safety light design aesthetically. 

Research has been done that current safety light are does not warn other vehicles that the rider 

wants to go to another junction thus designing an indicator safety light will help to alert other 

vehicles notice the cyclist. 

 

CONCLUSION 

In general, safety gear is important not only for the rider of motorcycle, but necessary for other 

users such as cyclist to wear the safety gear while riding the bicycle. Wearing bright clothes 

and putting safety light on bicycle can help the cyclist to stay safe. It helps other people on the 

road see the cyclist clearly or notice the cyclist even with poor illumination. When other driver 

or vehicles notice the cyclist that means they're less likely to run into the cyclist. Cycling are 

suitable to be at daytime and the safest because there is enough illumination to make other 

people notice the cyclist and cyclist need to avoid riding the bicycle at dusk and night if there 

is no safety light or light support to avoid the unexpected accident from happen. 

The major findings of this research is that the cyclists is aware of the safety issues about 

the not apply the safety light, but they have a problem with the design and the limitation of the 

product that make them uninterested to mount that tools to their bicycle. In addition, most of 

them not mount the safety light to their bicycle because their do not care about road rules and 

violate the guidelines on to use bicycles. The findings from this case study indicates that the 

safety light is very important to the cyclist because only the light can attract the eyes of other 

drivers and can increase the visibility of the cyclists. However, safety light features for the 

current product is not at optimum levels. 

However, this research is only focus on the cyclists. The bicycle have a potential to 

involve with the accident because of sharing the same road with other vehicles such as car, 

motorcycle, lorry and etc. Since this project is focuses only for the bicycle, it is recommended 

that the research can be add for other features such as warning light for the distance of the other 

vehicles with the cyclist to make the cyclist be more safe. In addition, further study could be 

conducted to explore a more depth idea of the design and function that are suitable for the safety 

light and other features for the bicycle. 

 

 



ICSET 2018 277 

 

REFERENCES 
Aldred, R. (2016). Cycling near misses: Their frequency, impact and prevention. In Transportation Research Part 

A. 

Annika K. Jägerbrand (2015) New Framework of Sustainable Indicators for Outdoor LED 

(Light Emitting Diodes) Lighting and SSL (Solid State Lighting), pp. 1028. 

Bates, L., Davey, J., Watson, B., King, M., & Armstrong, K. (2014). Factors Contributing to Crashes among Young 

Drivers. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/25097763 

Berto, F. J. (2017). Bicycle [Article]. Retrieved April 4, 2018, from 

https://www.britannica.com/technology/bicycle 

Bhagavathula, R. (2015). Effects of Intersection Lighting Design on Driver Visual Performance, Perceived 

Visibility, and Glare. 

Bicycle Guidelines. (n.d.). In Penerangan Keselamatan Jalan Raya.  Retrieved from 

http://pmr.penerangan.gov.my/index.php/keselamatan/7024-langkah-langkah-keselamatan-dijalan-raya.html 

Chan, B., & Duran, R. (2014). An Automatic Turn Signal System. In Bike Safe: An Automatic Turn Signal System. 

Retrieved from http://digitalcommons.calpoly.edu/eesp/274/ 

Charlton, S., Groeger, J., & Rothengatter, J. (2012). Bicycle Safety. In Transportation Research Part F. Retrieved 

from 

https://www.researchgate.net/profile/Dov_Zohar/publication/257556659_Development_and_Validation_of_

Safety_Climate_Scales_for_Lone_Workers_Using_Truck_Drivers_as_Exemplar/links/55bf633508ae092e96

664490.pdf 

Fatin, N. (2017). Pantau kawasan tumpuan penunggang basikal muda. In Berita  Harian. 

Figueiro, M., Sahin, L., Wood, B., & Plitnick, B. (2016). Light at Night and Measures  of Alertness and 

Performance: Implications for Shift Workers. In Biological  Research for Nurse. Retrieved from 

https://www.ncbi.nlm.nih.gov/pubmed/25697165 

Garrette Clark, Justin Kosoris, Long Nguyen Hong & Marcel Crul (2009) Design for Sustainability: Current 

Trends in Sustainable Product Design and Development, pp. 411-413. 

Hamzah, A., Ariffin, A., Solah, M., Paiman, N., & Osman, M. (n.d.). Exploring cycle crash characteristics in 

Malaysia. In Malaysian Institute of Road Safety Research. 

Hoglund, M. (n.d.). Safety-Oriented bicycling and traffic accident involvement. In IATSS Research. 

La Giusa, F., & Perney, L. (2013). Further Studies on the Effects of Brightness  Variations on Attention Span in 

a Learning Environment. In Journal of the Illuminating Engineering Society. Retrieved from 

https://www.tandfonline.com/loi/uzie20 

Maddah, H. (2016). Polypropylene as a Promising Plastic: A Review. In American  Journal of Polymer 

Science. Retrieved from http://article.sapub.org/10.5923.j.ajps.20160601.01.html 

Manaugh, K., & Geneidy, A. (2015). Cycling Under Influence: Summarizing the influence of perceptions, 

attitudes,  habits and social environments on cycling for transportation . Retrieved from 

http://tram.mcgill.ca/Research/Publications/Cycling_under_the_influence.pdf 

Mathot, S., Dalmaijer, E., Grainger, J., & Stigchel, S. (2014). The pupillary light response reflects exogenous 

attention and inhibition of return. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/25761284 

N.Seyajah. K.Cheng, and R.Bateman.The Research the Assessment and Sustainable Design of Office Furniture 

Design From a Design perspective. “Asian J. Sci. Res., 9(4): 188-197,2016 

Pâmela Teixeira Fernandesa & Osíris Canciglieri Junior (2014) Sustainable Product Design: The Development of 

a Conceptual Model, pp. 335-336. 

Pegram, K., Han, H., & Rutowski, R. (2015). Assessing the Effects of Color, Iridescence, and Time of Day in 

the Field. In Ethology. Retrieved from https://onlinelibrary.wiley.com/doi/abs/10.1111/eth.12403 

Steidle, A., & Werth, L. (2013). Brightness increases self-awareness and reflective self-regulation. In Journal of 

Environmental Psychology. 

Stokkermans, Vogels, Kort, Y., & Heynderickx. (2017). Relation between the perceived atmosphere of a lite 

nvironment and perceptual attributes of light. In Industrial Engineering and Innovation Sciences. Retrieved 

from 

https://www.researchgate.net/publication/318691094_Relation_between_the_perceived_atmosphere_of_a_lit

_environment_and_perceptual_attributes_of_light 

Ueyama, M., & Ogawa, S. (2006). ACCIDENT DATA RECORDER AND DRIVING  MONITOR 

RECORDER. In RELATIONSHIP BETWEEN DRIVING BEHAVIOR AND TRAFFIC ACCIDENTS. 

Wood, Joanne M., Tyrrell, Richard A., Marszalek, Ralph P., Lacherez, Philippe F., Carberry, Trent P., Chu, 

Byoung Sun, & King, Mark J. (2010) Cyclist visibility at night : perceptions of visibility do not necessarily 

match reality. Journal of the Australasian College of Road Safety, 21(3), pp. 56-60. 

Wood, Joanne M., Tyrrell, Richard A., Marszalek, Ralph P., Lacherez, Philippe F., Carberry, Trent P., & Chu, 

Byoung Sun (2012) Using reflective clothing to  enhance the conspicuity of bicyclists at night. Accident 

Analysis and Prevention, 45(March), pp. 726-730. 

https://www.ncbi.nlm.nih.gov/pubmed/25761284
https://onlinelibrary.wiley.com/doi/abs/10.1111/eth.12403


ICSET 2018 278 

 

SUSTAINABLE MATERIALS FOR INFANT HIGH CHAIR BY 

INDUSTRIAL DESIGN 
 

1N.Sejayah and 2Anati Balqis Abdullah  
1,2Section of Design Engineering Technology, Universiti Kuala Lumpur – MIDI, 56100 

Taman Shamelin Perkasa, Cheras, Kuala Lumpur. 

*Corresponding Email: hishams@unikl.edu.my 

 

ABSTRACT  
New baby high chair product innovations are rapidly developed and innovated to meet the 

market demands nowadays. These types of product are being brought to the market by the 

manufacturers in order to fulfil the needs and changing personal preferences of the users. Over 

the years, this has resulted in a shorter life cycle of baby or toddler equipment and increased 

disposal rates and waste of the product in the wasteland. Thus, discussing the best alternating 

design for the product, the terms and the important impact of sustainability in design and 

material will be taken seriously. Also, provides a discussion of the main issues associated with 

the use of current material that used sustainable material, composite materials and recycled 

material in products. The use of Quality functional deployment, QFD, Product design 

specification as design selection method has been used for this research. As for the sample 

making for the proposed material the chosen material is Betung Bamboo and Lemang Bamboo. 

Flexural test will be done to determine the maximum stress at the outermost fibre on either the 

compression or tension side of the specimen. As the research is still in ongoing state, Flexural 

result test is still pending but few examples and explanation are provided in term of related 

research to explain the correct practice of applying sustainable design in material so that the 

environment and product can achieved the aim of the projects. 

 

Keyword: Baby Toddler, Design Process, High Chair, Material, Sustainability. 

 

INTRODUCTION  
The importance of additional tools for baby or toddler use, the baby high chair, is less attention   

in terms of care and cleaning (Brown.S, 2017). As reported by the (The Star Online, 2016), it 

is worrying issue as the manufacturer only thinks of profit at low prices regardless of safety 

factor. While this high chair function is not limited to feeding food but educating children to sit 

in the right way. According to (Mc Kenna, W, 2014) these products can provide comfort to the 

parents while eating in public places. 

Premise or restaurant, always provide the convenience and comfort to the caregivers 

especially those who bring the child, by providing a baby high chair. But hygienic features are 

less taken into account, causing epidemics from bacteria such as nails and mouth disease 

(HFMD) (The Star Online, 2016). In line with the issue being said today is Sustainability, it is 

important for a designer to develop a product that is characterized by current needs. Although 

most of the seats for baby are made of plastic, wood, metal and composite materials, this does 

not guarantee sustainable use in terms of continuous use as discussed in the baby centre website 

forum (The REAL July, 2007). 

Especially when the baby has grown, two possibilities will occur if using sustainable 

material, the first product can be recycled and the second in terms of use can be diffused its 

functions according to the user desire. Thus, this study has identified problems that arise 

whether the material issues and their functions can be beneficial in terms of comfort to 

consumers. With respect to create the best product is taken into account. Therefore the main 

aim of the research is:  
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a) To identify the suitable chair for toddler usage to be placed in the house and also can be 

used when travelling 

b) To develop the design of baby chairs that pleasing to the user, portable and easy to use. 

c) To investigate the use and the application of bamboo and recycled plastic as eco-friendly 

material that can be used for generations for the product 

This study will focus more on children in the range of 12 to 36 months called toddlers. 

Focus is given on the basis of chair design, setting up children properly and the materials to be 

used is free of chemical and environmental factors. Also mechanical features for both parents 

and toddler's more user friendly. 

 

Important and differences of the baby high chair and baby booster 

In this study, as a designer of Industrial design, the focus of the study was not focused on the 

baby high chair alone the baby booster was also a study of the field, because the diversity and 

combination in problem solving can produce the best product. Baby high chair is used as a 

supporting tool in the growth of a child before reaching the age level of being able to walk and 

eat properly. In general, this type of seat will be made according to the set standard 

anthropometric dimension. It is equipped with tray, adjustable height according to requirement, 

and safety belts. (Gregor, 2014)  

Besides that, High Chair helps in developing good dining habits: Once you put the baby 

in a high chair, he knows its feed time. The body clock coupled with the anticipation of eating 

when he sits on a high chair will help the baby to eat by discipline and also there will be less 

resistance to eating which is a common problem. (The Gbabe, 2015).A booster chair in is not a 

fully functional chair but can be used to boost an already existing adult chair into a baby chair. 

(Shivani Garg, 2017) 

The major benefit of booster seats is their portability. It would be ridiculous to lug your 

high chair wherever you go, but a booster seat is lightweight and easy to take to family 

gatherings, restaurants, etc. Your own booster seat is a much better alternative to a restaurant's 

dirty, germ-infested high chair. (Jennifer White, 2017). This research will undergo the 

differences and advantages analysis of these two products to be combined to give more benefits 

to user. For more clear explanation, refer table 1 regarding the pros and cons for each product. 

 

Problems arising from the baby booster and baby high chair 

Hand, foot, and mouth disease, or HFMD in figure 1, is a contagious illness that is caused by 

different viruses. It is common in infants and children younger than 5 years old because they 

do not yet have immunity (protection) to the viruses that cause HFMD. (CDC Feature, 2017). 

 

Table 1: Pros and Cons between baby high and baby booster chair 

Product Pros Cons 

 

 More Sturdy and 

stable 

 Works on extra chair 

 Chair leg take a lot of 

space 

 Work on table height 

 Not portable 

 Height not adjustable 

 

 Portable 

 Easy transport 

 Can sit on the floor 

 Occupy less space 

 Not stable 

 Occupy dining chair 

 Bulky 
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Figure 1: Hand, foot and Mouth disease 

 

 It can cause a child having the symptom of lack of water in his body because this disease will 

cause a lot of ulcers in the mouth. Therefore, children often refuse to drink water because water 

will bring pain in their mouths. HFMD's disease is caused by a virus known as Enterovirus 

covering Coxsackie Virus A16 (Cox A16) and Enterovirus 71 (EV 71).  

This complication occurs mainly in children and it involves a large outbreak. Due to 

foot, hand and mouth disease is a disease caused by the virus and can be cure by itself, the 

treatment of this disease is more to the treatment of support and hygiene care. It involves the 

treatment that will make the patient comfortable until they are fully healed. (MOH, 2012). 

 

Material of Baby High Chair 

Wood is commonly used as the main material in the traditional type of baby high chair. The 

most favourable type is pine wood because it is biodegradable and recyclable. It is low-cost, 

and it take paint well. Pine develops a nice, rustic patina from age and use, and it resists 

shrinking and swelling. For the cons, it it's prone to scratches and dents (Amy R. Hughes, 

2018).Metal type of baby high chair is rarely used not because of the lack of additional function. 

Most of this chair is less appealing, heavy and hard to handle. Even though this material is easy 

to get, but due time, steel will corrode and leave bad effect if the baby keeps using this product 

(Jess, 2017).  

Plastic baby high chair that is widely used nowadays is IKEA Antilop brand. This type 

of baby chair uses almost all plastic material onto their product. Plastic can easily be recycled 

for another purpose. But these intentions depend on the type of plastic used by the material. 

Some plastic cannot be recycled, because of the material that structured that cannot be broken 

down during the recycling process. Thus, this makes them one of the non- renewable materials 

that should be reuse and cannot be decompose. Non-recyclable material will later bring effect 

to the environment, if not being taken care of (Life without Plastic website, 2014). The pollution 

factor that strikes around us, forces the designers to flatten the sustainable design into every 

design especially in the furniture industry (N.Seyajah et.al., 2015). 

Composite is defined as a made up of several parts or elements according to 

Washington.edu website. Often High Chair in or any other furniture or equipment uses more 

than one material, which will make them a composite (N.Seyajah et.al., 2015). It is common to 

see high chair use both plastic and metal or wood and plastic as their material for the product. 

The combination of this material will reinforce the function and the use of the product. Based 

on Premix.com Website, structures made of composites have a long life and need little 

maintenance. We do not know how long composites last, because we have not come to the end 

of the life of many original composites. Many composites have been in service for half a century 

(Rosen, 2018). 
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Sustainable material, renewable and recyclable material: Proposed Material 

Sustainability is a necessity in the 21st century. Both recyclable and renewable resources will 

aid in making the planet safer, greener, and better for future generations. Recycling is the 

practice of transforming waste products into new supplies and products. Renewable resources 

are resources that have the capability to be naturally and organically replaced in a set time 

period. With the impending threat of climate change, understanding the difference and 

spreading awareness about both recyclable and renewable materials for sustainability is 

essential (Philip Piletic, 2017). 

According to Sse-Vanderhorst website, as a designer, eco-labels and the publication of 

product environmental data like in figure 2 provide an opportunity for researcher to differentiate 

suitable material product based on its environmental performance. One way to improve the 

environmental impact of the selected product is by choosing more sustainable materials. There 

is no such thing as a list of sustainable material. So, unfortunately, there is no catalogue of 

sustainable materials for researcher to choose from. What can be done is to try to choose the 

most sustainable material for the product application (Pressmark Limited blog, 2016). 

 

  

 

 

 

 

 

 

Figure 2: Sustainable products and materials graph 

 

 
Figure 3: Bamboo scrimber process  

 

Sustainable Wood (Bamboo), from the (Wood Finishes Direct blog, 2013), state that 

bamboo is a type of wood that is sustainable (S.Hisham,et. al.,2011a). It depends on its origin. 

Bamboo grows across vast areas of the earth in Asia, sub-Saharan Africa, north Australia and 

the Americas. It’s amazingly light and strong and grows like mad, so can be naturally 

sustainable. It’s used for furniture and floors, scaffolding, fences, bridges and even bricks. With 

about 1500 species it’s very versatile, and can be harvested in 3-5 years compared with 10-20 

years for most softwood. As for this research, Betung bamboo that quite popular in Malaysia 

as the ‘Bamboo furniture’ will be chosen as the sustainable material for the project (Fujian 

Huayi, 2017). Raw bamboo will be taken in raw and processed like in figure 3 to produce a 

bamboo scrimber and then furniture can be manufactured by the bamboo scrimber afterward. 

Sustainable Plastic, according to Green Dot Bioplastics article, plastics is often 

portrayed as a culprit of environmental degradation. By using the new Bio composite plastics 

it will represent an attractive alternative, both in their physical properties and their chemical 

makeup, to primarily petroleum based plastic feedstock. The process can be seen clearly in the 

figure 4 as shown in flowchart below. 
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Figure 4: The flowchart process 

 

Furthermore, in combining the bamboo altogether an adhesive s needed. The Adhesive 

been used is epoxy resin. Epoxy resin has been a tough and useful adhesive among wood-

builders, and it is much better gap filler than the PVA options when that solution is necessary. 

(Chris Marshall, 2011). Epoxy is also used to a relatively high degree in the manufacture of 

moulding tools (S.Hisham,et.al., 2011b) . Although the use of epoxy resin release the VOC, 

volatile organic compound. The dangerous VOC is only been released during the application 

of it in the compressing bamboo stage. This hazardous process can be avoided by using the 

100% solids epoxy as another alternative of adhesive for bamboo process (US coating website). 

 

METHODOLOGY 

 The data is collected and can be divided into two types which are primary and secondary data. 

This phase includes of obtaining information through the article, interview and observation. 

The data collected from the two sources are then analysed in order for the researcher to establish 

design specification. When the criteria have been specified, sketches are produced, followed by 

mock-ups which then leads to the final design. 

Table 2: Methodology used throughout the project 

 

a) Quality Function Deployment (QFD) 

QFD known as the measure of customer satisfaction with a product or a service, it is a structured 

method that uses planning tools to identify and prioritize customers’ expectations quickly and 

effectively. QFD methodology will focus on the most important product attributes or qualities. 

By using QFD, product and service development cycle times will improve impressively thus 

will increased customer satisfaction. In figure 3 below shows the template of QFD. 

b) Product Design Specification (PDS) 

PDS function is to ensure that the design used actually addresses the customer needs. PDS begin 

by defining all the customer needs, which are stated by the customer. Then, all the needs will 

be converts to engineering specifications. Each specification consists of a metric, a weighting 

of importance, units, a marginal value, and an ideal value, this specification is metric that can 

be measured. It is useful in reducing design component to the basic form, allowing the designer 

to design with a specific condition. 

c) Sample Making 

Flexural Test should be done for the selected material. A sample of composite of bamboo and 

epoxy resin specimen should make up and tested its material properties. The flexure test is 

selected as it is more affordable than a tensile test. Sample making of the material will be able 

Collecting & 
Sorting

Shredding Cleaning Melting
Making of 

pellets

Methodology

Primary Data

Questionnaire Interview Observation

Secondary Data

Article Journal Internet
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to find out the maximum stress at the outermost fiber on either the compression or tension side 

of the specimen can withhold thus a strong and rigid product can be made by the chosen 

material. (Test resources website) 

 

RESULTS 

 The data collected during the research are based on the highlighted methodologies given. The 

Questionnaire are conducted to study the problem arise when parents and toddler using the 

current product in the market. Below are the questions and response for selected questionnaire 

question. 

 

Table 3: Questionnaire response data 

 

Quality Functional Deployment (QFD) 

 

Table 3: The Quality Functional Deployment (QFD) for baby high chair 

 
 

Concept Design 

Conceptual Design is an early phase of the design process, in which the product outlines of 

function and form of specification that articulated from the user need is sketch out. It includes 

the design functionality, ergonomic and product interaction with the user. According to the 

QFD as shown in Table 3 that has been done, the criteria needed has been selected and been 

sketch out to three as shown in figure 5,figure 6, and figure 7, potential concept design. 

 

 

 

 

 

 

 

 

Questions Response 

Comfortability using the current product 
65 % vote children not feel comfortable in the 

chair 

Portable feature in current product 80% vote current product is not portable at all 

Parents knowledge to pick suitable chair 

for their children 

75% vote they knew the suitable chair for their 

children 

Mechanism needed to apply to the new 

product 

60% vote the wanted an easy to use mechanism 

applied to product 

How well concern parents toward the 

sustainability 

75% vote they are concern about the 

sustainability for the product 

Figure: 5 Figure: 7 
Figure : 6 

Feature 

 Adjustable seat height 

 Swivel chair 

 

Feature 

 Seat transformable to bag        

 Removable food tray 

 

Feature 

 High Chair can be used 

as regular chair  

 Compressible seat to 

travel mode 
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Design Specification (PDS) 

This specification covers the general operational characteristics of the product and provides an 

overview of the requirements for the finished article. This is response to the criteria set 

throughout the research and ideation stages of the Project. 

 

a) Function        -This product is multifunctional 

b) Appearance   -Design aesthetically 

c) Environment -Uses environmental friendly material 

d) Ergonomic     -User friendly and safe to use 

e) Safety             -Increase self-hygienic care 

 

DISCUSSION  

There are many improvements that must be conducted for the baby high chair before the product 

to be ready to be manufactured. A more thorough testing and specific manufacturing process 

should be made and observed especially on the material product. There are various factors that 

are not incomplete in this research due to the research limitations. First factor was the human 

measurement factor for toddler. It is recommended that the further researcher to take immediate 

measures according to the Malaysia human measurement specifically in toddler measurement. 

The measurement can be plays as important role in order to fit the size of product to human.  

This research is about a developing and improving the baby high chair design 

aesthetically. Research has been done that dirty baby high chair contribute to HFMD virus to 

toddler thus designing a travel friendly baby high chair will help parent and toddler problem. 

Also with the use unused and thrown away baby equipment in the landfill problem will solve 

with the application of new sustainable material to the product. With the usage of sustainable 

material applied to the product, parent can easily recycle the product or also can use the product 

as another furniture option in their home. The selected sustainable material has been chosen 

using the abyss method that compares potential green material for daily life product. This 

research also included the research studies, on how to make the product safety enough to be 

used by toddler. Design development, sketches, computer aided design (CAD) and prototype 

as the result from the data collected based on the questionnaires, and observations.  

 

CONCLUSION  

In general, sustainable design and material of babies and toddler equipment poses significant 

challenges to the market in manufacturing of a wider range of baby and toddler products, 

coupled user behaviour, have led to shorter product life cycles, increased disposal rates, and 

waste. Millions of tons of baby equipment, and apparel waste are generated annually 

worldwide.  

The present article examined the issues and gives the solution by using sustainable 

design and material to bring positive impact to the environment. To tackle the sustainability 

challenges associated with the use of these materials. A key challenge is making designers 

aware of the benefits and problems of using composites. Typical benefits include lower energy 

requirements, and therefore, less greenhouse emissions when making an item from composites 

rather than from metal alloy refined from ore. However, this benefit is lost when recycled metals 

are used, which generally require less energy than composites. The greatest challenge is the 

recycling and disposal of composites. The current recycling processes are expensive and yield 

recycled material that can only be used in low-performance items, and not in baby equipment.  

Most composite products are disposed as landfill, where they take many decades or 

hundreds of years to break down. The composites industry is continually seeking new recycling 

processes that yield better-quality reusable material at lower cost and new materials that rapidly 
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biodegrade when disposed into landfills. Much more research and development is required in 

the recycling and disposal of composites.  
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ABSTRACT 

The widespread implementations of green technology as alternative practices in construction 

industry are playing an increasing role in carbon dioxide (CO2) footprint abatement. The aim 

of this study was to produce an eco-concrete by replacing the conventional binder (cement) 

with calcined eggshell powder (ESP) without compromising the durability of the concrete. 

Prismatic specimen cubes with modified formulations of different replacement percentages by 

volume were produced. Primary concrete characteristics like pH, carbonation rate, compressive 

strength and sorptivity were investigated for 56 days. From the investigation, all modified 

concrete formulations performed better in carbonation depth, compressive strength and 

sorptivity than control specimens on all testing days. The higher replacement percentages 

yielded the better carbonation rate and sorptivity values. However, the opposing trends were 

detected in compressive strength; in which the higher the replacement percentage, the less 

strength the concrete possessed. The different calcium carbonate polymorphs from eggshells 

contributed to a low strength development due to its different symmetry and crystal shapes to 

limestone’s calcite thus leading to poor bonding properties of the concrete matrix. These 

outcomes were meaningful for our understanding on the modified concrete formulations, 

specifications and product designs of cement materials and the revalorization of wastes. 

 

Keywords: cement; concrete; eggshells; partial replacement 

 

INTRODUCTION 

The application of cement nowadays became crucial and widely used in various type of 

construction purposes. For years, limestone was used as the main raw material in cement 

manufacturing because it had the ability to enhance the quality and structure of concrete. Thus, 

it increased the demand in cement production by becoming a choice among industrial 

construction and public building purpose. This situation boost the development of the limestone 

mining in Malaysia because of the demand of the cement production using limestone. 

From the economical point, with the increasing of limestone mining, it gave a positive 

impact on our country’s economy. Unfortunately, there were consequences in terms of 

environmental view. Unfortunately, limestone required mining at the quarry site. Mining was 

an extracting activity of limestone that caused a serious air-bone pollution, loud sound and 

makes the river becomes shallow and cloudy. Cement making industry also known to be the 
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highest contributor of carbon dioxide to the environment by the human caused. Activity from 

the quarrying of limestone required an intensive energy to produce through high cost process. 

Cement was produced by burning limestone in a kiln at a very high temperature. This 

particular process released a huge amount of carbon dioxide into the atmosphere. According to 

Awang (2004), the industrial sector was the third largest source of man-made carbon dioxide 

emissions and cement production produces the most amount of carbon dioxide amongst all 

industrial processes. This problems had led to many consequences such as global warming. 

1000kg of cement produces nearly 900kg of carbon dioxide. Cement industry has contributed 

one of the largest amount of carbon dioxide that was caused by human. Cement industry has 

released about 6% of carbon dioxide globally. (Zaini, 2014). 

Limestone was one of our mineral that required million years to be produce. It was 

considered as non-renewable sources. The continuous activity of quarrying had resulted in the 

extinction of the natural limestone and soon there will be no source of raw material for cement 

production. Furthermore, the more we extract the limestone from the earth, the more natural 

disaster will occur such as land slide, surface run off carrying hazardous substances, flash floods 

and so on. All of these natural disaster were the consequences of quarrying limestone. Sooner 

or later, it will give a huge impact on our ecosystem. The animals losses their habitat. All of 

our natural water supply were all contaminated and effected the marine lives. 

Egg is the main option for cheap protein in Malaysia thus leading to high consumption of 

chicken egg. Thus, eggshells was the most abundance waste coming from food industry. They 

were highly sophisticated composite. Due to high content of calcium carbonate in eggshells, it 

makes them suitable to use as cement replacement. Through this modified cement or bricks, we 

can reduce the amount of carbon dioxide in our surrounding. By recycling the waste material 

such as the eggshells can bring benefits to many party, for food manufacturer and the 

construction industry. Eggshells waste will no longer needed to be disposed through landfill. 

Thus, saving a lot spaces of landfill and avoid any spread disease from rodents and flies 

(Highfill & McAsey, 2005). 

 

METHODOLOGY 

In this process, all raw material was prepared for mixing and casting to get the perfect ratio of 

cement, eggshell powder, water and aggregate. This was a crucial step to make sure the material 

was not contaminated and the obtained results are correct and within acceptable range.  

 

Eggshells Powder and Calcination Process 

The first step was to dry-crush the chicken eggshells in a steel drum. Then, the crushed eggshells 

quickly agitated in water using an electric drill with stirrer. They were continuously rinse with 

clear water until a clear liquid was visible. Thus, a thin layer of membrane was removed. 

According to Oliveira (2010), the wastewater from the rinsing step can be filtered and reused. 

The filtered medium consists of a thin inner eggshells membrane and could be recuperated, 

processed and purified for its high valued collagen. The crushed eggshell went through drying 

process at 105˚C for 24 hours. After drying, the crushed eggshells was grinded into fine powder 

and sieved to remove any impurities. 

After cleaning the crushed eggshell with water, the eggshell was dried by placing the 

eggshells into an oven at 105˚C for 24 hours. To get the calcination process on the eggshells, 

they must be placed in a furnace at 550˚C for 2 hours to make sure carbon dioxide was released 
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to produce calcium oxide. After obtaining a calcinated eggshells, the eggshells were ready to 

be blended and sieved to get the same size of a cement which was 90 microns. 

 

Fine Aggregate 

The types of aggregate that was used in this experiment was the sand river. Among the 

constituent raw materials, the Natural River sand which formed around 35% of the concrete 

volume played an important role in deciding the cost of concrete. They were used commonly 

in small construction as it was suitable for Type 1 construction. Sand river has a higher 

probability of being a pure sand without any contamination. 

 

Slump Test  

Slump test was to determine the workability of concrete prior to casting. In this investigation, 

slump test were carried for concrete with different percentage of eggshell filler namely 0%, 

10%, 20%, 30% and 40%. It was believe that eggshell powder was suitable to be used as filler 

in the concrete mix as it do not absorb water excessively. 

 

Mixing, Casting and Testing 

The method for mixing, casting and testing of the fresh concrete was determined based on BS 

EN 12390-1:2012, BS EN 12350-2, BS EN 12350-5, BS EN 1881-119:2011 and BS EN 12390-

5:2009. 

 

Curing Process 

Curing process was the period to develop properties of the mixture by maintaining the moisture 

content and temperature in pervious concrete. (Peter C. Taylor, 2013). The curing period start 

at the hydration stage to carbonation stage based on the lime cycle. This was the period where 

the mixture hardening while absorbing carbon dioxide and release water molecule. 

The method that was use during the curing process was called the wet curing. The 

concrete cube was placed in a container and soak in water until reached the testing days. This 

was also known as the hydration process in the lime cycle. 

 

RESULT AND DISCUSSIONS 

All results of physical and chemical test that was conducted on the modified concrete and 

normal concrete after curing days of 7, 14, 28 and 56 days. The chemical analysis tested on the 

concrete were carbonation, sorptivity and pH measurement. Meanwhile, the physical test that 

was conducted was compressive strength test. Based on the result that was obtained from the 

testing, the modified concrete can be defined either to perform better than normal concrete or 

not. 

 

Carbonation Test 

The purple stain represents the non-carbonated area which means that there was no carbon 

dioxide diffusion and the concrete was not fully carbonized. Meanwhile, the colourless area 

represents the carbonated area which means that carbon dioxide has been successfully diffused 

into the concrete. As you can see physically, the carbonation process started diffusing from the 

outside surface of the concrete into the concrete which explained the purple stain was located 

right in the middle of the cracked surface. 
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Figure 1: Carbonation Rate 

 

As observed from the graph, carbonation depth increased with increasing of time. This 

was due to the reaction of Ca(OH)2 inside of the cement and the CO2 from the atmosphere to 

produce CaCO3. This reaction was continued until they were fully carbonated. According to 

Cheng & Chang (2004), carbonation reaction caused the pH to reduce along with the increasing 

of carbonation time. 

Besides that, from the graph showed that all modified concrete showed higher carbonation 

rate than control concrete. This was due to the modified concrete have presence of eggshell 

powder. Eggshell powder was a high belite alternative material which explained because belite 

alternative material have more Ca(OH)2 and thus cause them to absorb more carbon dioxide 

than normal concrete. Thus, the carbonation rate increase along with the amount of eggshell 

replacement. This is due to the amount of Ca(OH)2 presence in the cement that helps CO2 

diffuse into the concrete when exposed to the atmosphere. Thus, the water in form of carbonate 

ions will react with the Ca ions of the pore water (Nadia et al. 2017). 

Recent study by Farhanim (2016), there was an external factor that influenced the rate of 

carbonation such as relative humidity that would affect the pore system of hardened concrete 

and concentration of CO2. If the condition have low humidity meaning they have insufficient 

water in the pores of CO2 to form carbonic acid and react with the alkaline cement hydrates the 

pore size of the concrete that allow diffusion to occur. 

 

 

 

Compressive Strength 

Based on Figure 2 below, ESP10 showed the highest strength because they have a uniform 

distribution of replacement material and a good bonding properties of the concrete matrix 

between the cement, aggregates and the eggshell powder (alternative material). The aragonite 

polymorphs from eggshell powder influenced the strength development due to its different 

symmetry and crystal shapes to calcite from cement. (Nadia et. al, 2017). 

For ESP10, ESP30 and ESP40 showed lower compressive strength. This was due to the 

stability of the binder and eggshell powder. The inner gap between replacement material 
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(eggshell powder) and the concrete material was not excellent. When the replacement was too 

low (< ESP20), the amount of replacement material were not enough to fill in between the gap 

of the concrete which make them became weak. Meanwhile, when the replacement was too 

high (> ESP20), the replacement material make the concrete became too porous and has lower 

strength. 

Other factor that might affect the strength of the concrete was the improper conditions of 

specimen manufacturing such as the curing. According to Okpala (1999), the concrete 

properties was highly influenced by curing process because it effected the hydration of cement. 

A proper curing should have a maintained and suitable warm with moist environment for the 

development of hydration product. By having a proper conditions, the porosity of the concrete 

can be reduced and increased the density of microstructure in concrete. Thus, as cement 

hydrates, the porosity decreased and strength would increase. 

 

 
Figure 2: Strength development throughout the testing days 

 

pH Measurement 

According to Chang & Cheng (2004), the longer days of curing the lower the pH. This is due 

to the carbonation process. From the figure above, it can be seen that there is no significant 

difference between the eggshell replacement concrete and the control concrete. From the data, 

all eggshell replacement concrete with 7 days of curing shows the same pH measurement which 

is 11. Followed by the concrete with 14 days of curing, resulting pH of 10. Next, is the concrete 

with 28 days of curing with pH of 9. The pH shows an inclined measurement as the concrete 

changes from high alkaline Ca (OH) 2 to less alkaline (CaCO3) just like the lime cycle theory. 

 A fresh concrete should have a high pH value. This was due to the highly alkaline 

calcium hydroxide. But the pH value showed a decreasing value of pH which caused by the 

carbonation process. When carbon dioxide was absorbed which was called neutralisation 

process into the concrete, the high alkaline calcium hydroxide will gradually change into a weak 

alkaline called calcium carbonate (CaCO3). Carbon dioxide (CO2) reacted with calcium from 

the calcium hydroxide (Ca(OH)2) and calcium silicate hydrate to form calcite (CaCO3). 

When the pH of the pore solution is less than 7.5, the degree of carbonation of the 

specimen is 100%. When the pH value of the pore solution is between 7.5 and 9.0, the degree 
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of carbonation is 50–100%. When the pH of the pore solution is 9.0–11.5, the degree of 

carbonation is 0– 50%. When the pH of the pore solution exceeds 11.5, the specimen is not 

carbonated (Chang & Cheng, 2004). 

From the graph below (Figure 3), it proves that the modified concrete are better that 

control concrete. This is due to the presence of the Ca(OH)2 in the production through eggshell 

substitution. The presence of the Ca (OH) 2 in the concrete is an active agent for the reaction 

between CO2 in the atmosphere. Thus, the higher the amount of Ca(OH) 2, the higher rate of 

carbonation (Lu & Dennis, 2009). 

Other than that, the result above proves that the higher the amount of substitution, it will 

gives lower pH measurement. This is because higher substitution of eggshell powder into the 

concrete will gives higher carbonation. This proves that when CO2 diffuses into the concrete, it 

will lower the pH value in the concrete. 

 

 
Figure 3: pH measurement 

 

Sorptivity 

Figure 4 shows the sorptivity value was differed depending on the amount of eggshell 

replacement. The highest sorptivity value can be seen at the control sample on 7 days of curing. 

Meanwhile, the lowest sorptivity value can be seen at the ESP40 sample on 56 days of curing. 

As you can see, the control concrete showed the highest sorptivity value throughout the selected 

curing days compared to the modified concrete and it can also be seen that sorptivity is 

decreasing with increasing time of curing (Parrot, 1992). 

 ESP40 shows the lowest sorptivity value due to the less presence of pore on the surface 

of cross sectional area. This is because ESP40 has the highest carbonation value which means 

the carbonation activity of the concrete was highly accelerated. According to Hall & Lewis 

(2000), the sorptivity of the concrete was influenced by the properties of material. Hence, 

concrete with higher eggshell powder substitution are more compact and have less capillary 

suction activity. Accelerated carbonation of the cement matrix can be employed to improve the 

durability of the modified concrete, because it reduces the alkalinity of the cement matrix thus, 

lowering the pH. Also, the consequences of carbonation on cement are the stability of the 

chemical hydration products which caused densification of the cementitious matrix and the 
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reduction of its permeability (capillary) and porosity, which constitutes a positive process with 

respect to the sealing quality of the cement. (V.D Pizzol, 2013). 

The matrix structure of concrete was strongly influenced by aggregate-binder interface. 

(Nadia et.al, 2017). They were related to the transportation of water through pore system of 

cement paste. Generally, the water movement in concrete predominantly controlled by the bulk 

of the hardened cement, which was the continuous phase in concrete. Hence, the higher volume 

of cement presence in the hardened concrete gives higher sorptivity activity of water throughout 

the concrete surface. (Farhanim, 2016). 

 

 
Figure 4: Sorptivity, k vs. sample age 

 

CONCLUSION 

The used of eggshells as a partial cement replacement of modified concrete was performed. By 

using, eggshells as a substitution in manufacturing of modified concrete have showed a positive 

differences in carbonation depth, sorptivity test and compressive strength test compared to 

normal concrete. Higher formulation of eggshells powder in concrete gave higher performances 

especially in carbonation depth as the higher substitution of eggshell, the higher the 

carbonation. This statement helped in achieving the purpose of investigating the amount of 

carbon sequestration from the substitution process. However, in compressive strength test and 

sorptivity test, the formulation was only efficient at 10% of eggshells substitution (ESP10). 

This is due to the excess eggshells powder in the concrete has created an imbalance proportion. 

Hence, causing to poor bonding properties of the matrix with aggregates and lower strength in 

increasing time of curing days.  
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