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 Preface 
 Rajamangala University of Technology Srivijaya has been assigned to be 

the host for the  9th Rajamangala University of Technology International 
Conference ( 9 th RMUTIC)  on “RMUT Driving Innovation for Thailand 4 .0” 
during August 1 – 3, 2018 at Rua Rasada Hotel, Muang District, Trang Province, 
Thailand. 

The main objective of this conference is to be a forum for researchers to 
exchange academic idea and creative technology, focusing on the dissemination 
of academic innovation and technology applications. This is important 
knowledge that benefits society, especially in economic development throughout 
the region of Thailand following the government policy promoting stability, 
prosperity, and sustainability. We are highly honored to host the conference this 
year. 

We would like to thank you everyone for contributing physical and mental 
effort, and valuable time to enable this conference. We hope that all nine 
Rajamangala Universities of Technology will continue to strengthen our 
cooperation to become the leading universities in Thailand. 

The conference includes keynote speeches together with research 
presentations from researchers of the nine Rajamangala Universities of 
Technology and other researchers from higher education institutions in Thailand 
and abroad.  
 On this occasion, we would like to thank you for sharing the 9th 
Rajamangala University of Technology International Conference (9th RMUTIC). 
We hope that all of you will gain benefits and satisfaction from the exchange of 
knowledge from this conference.  
 

          Research and Development Institute   
Rajamangala University of Technology Srivijaya 
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 Message from the President 
 

Rajamangala University of Technology Srivijaya has hosted the 9th 
Rajamangala University of Technology International Conference (9th RMUTIC) 
on “RMUT Driving Innovation for Thailand 4.0” during August 1 – 3, 2018 at 
Rua Rasada Hotel, Muang District, Trang Province, Thailand. 

Research is an important tool for studying particular topics to obtain 
information, knowledge, technology, innovation and work. The nine 
Rajamangala Universities of Technology have recognized the importance of 
research development and support systems to acquire knowledge from each 
research subject to improve the quality of people's lives. As the university focuses 
on technology skills and creates innovation for social communication, we aim to 
develop research that responds to the needs of community development at all 
levels. 

Accordingly, the 9th Rajamangala University of Technology International 
Conference (9th   RMUTIC) on “RMUT Driving Innovation for Thailand 4.0” 
features cooperative networking between the nine Rajamangala Universities of 
Technology and other national research support organizations, namely, Ministry 
of Science and Technology, National Research Council of Thailand (NRCT), 
Office of the Higher Education Commission (OHEC), the Thailand Research 
Fund (TRF), Agricultural Research Development Agency (Public Organization), 
National Science Technology and Innovation Policy Office (STI) and nationwide 
higher education institutions. This cooperation will generate fruitful researches to 
develop strong and sustainable Thai society. 
 On behalf of Rajamangala University of Technology Srivijaya, I would 
like to thank all the co-hosing institutions and to thank the keynote speakers, 
researchers, participants, presenters, and conference committees, as well as the 
staff from the nine Rajamangala Universities of Technology, for participating in 
and organizing this conference.  

 
 

               Asst. Prof. Yongyuth Nuniem 
      Acting President  

                Rajamangala University of Technology Srivijaya  
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Feasibility Study of a Grid-tied 60 KW Floating Solar  
PV Power Station for Sea in the South of Thailand 

Kwanruetai Boonyasana1* Duanrung Chouyruang2 and Suveena Rungrodruttanagorn3 
ABSTRACT 

Environmental protests arising in the south of Thailand face the challenge of meetingpower needs. Thai government finds itself caught between pressure to meet regional powerdemands and backlash from citizens fearing the environmental effects of coal-fired electricalplants. However, a solution might be provided by a floating solar photovoltaic (PV) powerstation for sea, which is not only environment-friendly but also suitable for the geography ofthe southern region of Thailand. This paper considers the implementation of a floating solarpilot project at Rajamangala Beach, Trang province, focusing on the feasibility study of a grid-tied 60 KW floating solar PV power station, which will help in assessing the potential offloating solar installations to supply power to island and coastal regions in the south of Thailandin the future. For financial analysis, the floating PV system could cost USD 482,000 with apayback period of 11 years. However, for economic analysis, which includes social costs andsocial benefits, the payback period of this project should be significantly shorter due to thenumber of positive environmental side effects. In addition, a larger project may be able to adopttechnologies of production, and this can lead to economies of scale, giving rise to lower per-unit cost. We envisage this renewable energy innovation as shedding light on the energy andgeopolitical challenges facing the south of Thailand. 
Keywords: Power plant, Floating solar photovoltaic, Grid-tied, The south of Thailand  

1 Department of Finance, Faculty of Business Administration, Rajamangala University of Technology Phra 
Nakhon, 86 Phitsanuloke Road, Dusit, Bangkok 10300, Thailand 
2 Department of General Education, Faculty of Sciences and Fisheries Technology, Rajamangala University of 
Technology Srivijaya, 179 M.3 Mai Fad, Sikao, Trang 92150, Thailand 
3 Department of Business English, Faculty of Business Administration, Rajamangala University of Technology 
Phra Nakhon, 86 Phitsanuloke Road, Dusit, Bangkok 10300, Thailand 
*Corresponding author, e-mail: kwnaruetai.b@rmutp.ac.th, kwanruetai@live.com
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Introduction 
 Currently, Thailand is facing a major challenge to balance trade-offs among competing goals when designing energy, economic and environmental policies. Overall, the power sector in Thailand features characteristics similar to that of many developing countries, including such problems as high demand but limited supply, unstable power supply systems, delayed development of power distribution networks, and public enterprises in a financially fragile situation (Lamphayphan et al., 2015). Furthermore, in recent years, the local people have tried every campaign tactic to urge the government not to build harmful coal-fired power plants in Krabi and Songkhla’s Thepa district to protect their beloved home (Rujivanarom, 2018), drawing criticism of the Thai government from rights activists and environmentalists. As a result, the policy makers aim to increase in absolute terms electricity imports from neighbouring countries and generation from renewable energy. The Thai government has put forward one of the most ambitious renewable energy plans in Southeast Asia setting a target of 30% of total final energy consumption by 2036 in its 2015 Alternative Energy Development Plan, and a target of 20 gigawatts (GW) of installed capacity by 2036 (International Energy Agency: IEA, 2016). Hence, this policy promotes highly efficient green alternatives for Thailand (International Renewable Energy Agency: IRENA, 2017). It would seem that this is the right way in moving forward to avoid protests against coal-fired electrical plant projects with the argument that they negatively impact the environment. In spite of this, in 2018, the Energy Regulatory Commission of Thailand (ERC) decided to stop buying electricity power from new renewable energy projects with a higher price than 2.40 baht/unit for five years. However, Thailand still needs to address electricity shortages in the south.  In 2016, the power plants in the south of Thailand generated 2,225 megawatts (MW), while another 375 MW was provided from the central region power plants (Electricity Generating Authority of Thailand: EGAT, 2016). Even though, currently, electricity supply is still sufficient for demand in southern Thailand, power consumption is rising steadily. The Thai government accepted that construction of new large-scale power plants in this region is unlikely over the next five years, believing that existing power plants are capable of meeting demand (Theparat, 2018). However, policy makers need to be concerned about sources of electricity supply in the south of Thailand, with reliable fuel diversification, for the stability of the power system. At the present time, electricity security with low energy price and environmental sustainability is the key priority for Thailand. Because renewable energy could solve economic, environmental and social problems, this paper focuses on such energy which is suitable for the geography of the southern region of Thailand. One solution to this energy crisis might be provided by a floating solar photovoltaic (PV) power station for sea, which is not only environment-friendly, but also suitable for the geography of the southern region and other coastal areas. Because of the littoral nature of much of Thailand, with total coastal length of about 2,815 kilometres (km), including Gulf of Thailand coast of 1,873 km and Andaman Sea coast of 937 km (The Department of Mineral Resources, 2018), needless to say, floating solar PV power stations for sea should present attractive investment projects for this country. However, to avoid possible risks to investment, a feasibility study should be completed before starting a new project. This paper considers the implementation of a floating solar pilot project at Rajamangala Beach, Trang province, focusing on the feasibility of a grid-tied 60 KW floating solar PV power station, using data to shape the project planning process. Such studies can generate crucial insight for approved projects in relation to cost-benefit analysis. Therefore, this paper will help in assessing the potential of floating solar installations to supply power to islands and coastal regions in the south of Thailand into the future.    
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Literature Review  Electricity is a vital infrastructure for countries, being instrumental in the provision of basic needs that serve government, businesses and industries. The General Agreement on Tariffs and Trade (GATT) has never considered electricity as a commodity since the late 1940s because of its unique characteristics (Mattoo and Sauvé, 2003). There are several such characteristics of the power generation industry: 1) Electricity cannot be stored as inventory like other merchandise; 2) Capacity expansion cannot be realized within a short period of time - thus, investment decisions require forward-looking demand projection; and 3) Electricity is both a necessity and a public utility, hence, the government plays an important role both in generation and distribution processes (Tunpaiboon, 2016). The Commission for Environmental Cooperation (CEC), in 2011, further noted that a portion of the electric energy is lost during transmission and distribution. It is clear that, when electricity has to be transmitted from the central region power plants to the south of Thailand via extensive networks, the transmission over these long distances creates power losses. Fortunately, we can dramatically reduce transmission losses as well as carbon footprint by directly generating electricity from clean, renewable sources, like floating PV technology. Sahu et al. (2016) pointed out that floating PV systems have a number of advantages compared to land-based systems, including fewer obstacles to block sunlight, and higher power generation efficiency owing to lower temperature underneath the panels. In addition, Leybourne (2017) observed that floating PV technology can remove the competition for land use and potentially high rent charged by landowners. It is also suitable for off-grid locations, and an array can be assembled more quickly than for land-based systems. On the other hand, Leybourne (2017) further noted that there are comparative drawbacks and challenges of floating PV technology, which need to be considered. Reduction of light into the water from panel obstruction can have a detrimental effect on the water’s ecosystem. Movement of water can change the orientation, and therefore output of the array, and this may lead to fatigue-based micro-cracking in the panels over time. Floating PV systems might have higher direct current (DC) cable cost and associated losses in transmitting the power ashore. On large water bodies, especially the sea, with potentially long fetch lengths, the effect of locally generated waves in storms could be significant. There are clear advantages and disadvantages of floating PV technology that need to be considered. After trying to break through the barriers of disadvantage, Swimsol, a company in Austria, launched the world’s first floating solar solution for the sea in 2014. The floating solar structure of this company can increase production by 5 to 10 percent over the rooftop equivalent, perform for 30 years, be integrated into diesel power grids and complete service is provided by the company (Swimsol, 2018). This commercial renewable energy product, that employs space for solar panels on the sea surface, is suitable for the project location at Rajamangala Beach, Trang province. The latitude and longitude information of our location is: (Andaman Sea 7.536565, 99.311977) 7°32'11.6"N, 99°18'43.1"E (see Figure 1). At the project location, there is a high amount of solar irradiation, thereby making it a very attractive site for the proposal of solar PV systems.  Materials and methods 
  1. Methodology The research project is a co-operative effort among eight universities in Thailand (Rajamangala University of Technology Phra Nakhon, Rajamangala University of Technology Srivijaya, Rajamangala University of Technology Thanyaburi, Rajamangala University of Technology Suvarnabhumi, King Mongkut's University of Technology Thonburi, Ratchapat Chankasem University, Naresuan University and Burapha University), Royal Thai Police and Swimsol. After Swimsol designs the grid-tied 60 KW floating solar PV power station for Rajamangala beach, a group of Thai researchers will investigate in six areas: floating solar 
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technology, smart grid system, environment, internet of things (IoTs), energy law and energy economics. For this paper, we focus on energy economics to study a feasibility analysis of this renewable energy system.   

  Figure 1 Map of Rajamangala Beach (Google, 2018)   Feasibility Analysis This paper employs an economic feasibility study (EFS) to demonstrate the net benefit of the grid-tied 60 KW floating solar PV power station for sea project with a view to accepting or rejecting. EFS is the most commonly used method for determining the efficiency of a new project, which helps in identifying profit against investment expected from the project. For this analysis, cost and time are the most essential factors involved in this field of study. The EFS in this paper focuses on cost-benefit analysis (CBA), which summarizes the revenues and costs involved with the project. Once the values in the CBA have been derived, the project’s results can be presented in three forms: Payback Period (PP) or Break-Even, Net Present Value (NPV), and Internal Rate of Return (IRR) (Yanga, 2012).  Data The data for financial analysis, for example, electricity prices, diesel prices, interest rates, and costs of investment, are collected from Provincial Electricity Authority (PEA), PTT Public Company Limited (PTT), Bank of Thailand (BOT), EGAT and Swimsol. Furthermore,   Google map (see Figure 1) is used to prepare the geo-synchronized layout for the proposed water body. In addition, basic survey accessories, including sunshine hours (see Figure 2), sea temperature data (see Figure 3), rainfall (see Figure 4) and wind (see Figure 5), are used for manual survey of the site and compared with geo-synchronized layout. Finally, a manual survey on the Rajamangala Beach is performed to determine the shadow cast by the structures present around the sea of the site. There is no construction work done around the location, hence there will be no shadow formed over the sea surface.   
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  Figure 2 Average Daily Sunshine Hours in Trang in 2018 (Holiday-weather.com, 2018)  

  Figure 3 Average Sea Temperature in Trang in 2018 (Holiday-weather.com, 2018)   2. Materials The main materials of the floating solar array are from Swimsol (2018) with the four key aspects regarding qualifications below (see Figure 6):  - Patent-Pending Floating Solar Structure The development of this unique floating solar platform is from computer simulations, tests, and trials with the Thai research team. The platform can survive waves of tropical shallow water lagoons, as well as the currents, tides, extreme Ultraviolet (UV), humidity and is corrosion-proof. - 5-10% Higher Production Than Rooftop Equivalent The solar panels on floating solar systems give a 5-10% higher output than rooftop systems. This is due to the cooling effect of water and additional light reflections from the sea surface. 
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- Performance For 30 Years With high-quality components and high-performance panel platforms developed specifically for the south of Thailand, the systems have a lifetime of around 30 years. - Integration Into Diesel Power Grids and Complete Service Correctly sized hybrid diesel-solar systems account for diesel generator efficiency, and can generate extra savings by allowing generator shut down during the sunny hours of the day.  
 

  Figure 4 Average Rainfall in Trang in 2018 (Holiday-weather.com, 2018)                        
  Figure 5 Monthly Weather History Graphs (Wind Speed) in January 2018                                (Wunderground.com, 2018) 
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  Figure 6 Floating Solar PV Power Station (Swimsol, 2018)   Results and discussions 
 According to literature review, the output of the floating system is about 1.1 times greater than the conventional land based system. The cost of the floating solar PV system can be estimated as around USD 482,000. For feasibility study with three assumptions, electricity price is 8 baht/kWh, average sunshine is 8 hours/day, and there is no tax for floating system. NPV will be USD 86,953, and IRR will be 2%  (see Table 1). The payback period, which is the time span in which the cost of the yield becomes equal to the capital invested in installation, is expected to be about 11 years. Therefore, we should invest in this project.  However, according to the policy of ERC in 2018, which decided to stop buying electricity power from new renewable energy projects with higher price than 2.40 baht/unit, the simulation results have changed. The payback period will be around 36.58 years, NPV will be USD -311,139, and IRR will be -12%, hence, we should avoid investing in this project. The results show that there is a marked difference, when electricity price changes.  
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The results from documentary research and feasibility analysis show that a policy to stop buying electricity power from new renewable energy projects with higher price than 2.40 baht/unit can have a negative effect on the floating solar PV system project. Moreover, it can have a detrimental effect on energy security in Thailand, and such policy will not be sufficient to attain Thailand's “green energy” and greenhouse gas emissions reduction goals, since there exists no incentive system for technological innovation within the electric power industry. For financial analysis with three assumptions, electricity price is 8 baht/kWh, average sunshine is 8 hours/day, and there is no tax for floating system. The payback period is expected to be about 11 years, NPV will be USD 86,953, and IRR will be 2%. However, for economic analysis, which includes social costs and social benefits, the payback period of this project should be significantly shorter from saving the environment. Hence, for further study, the authors plan to investigate social costs and social benefits through sensitivity analysis. In addition, adoption of technologies of production by way of a larger project may lead to economies of scale, resulting in lower per-unit cost.   Conclusion 
  This paper investigates implementing a floating solar pilot project at Rajamangala Beach, Trang province, with a focus on the feasibility study of a grid-tied 60 KW floating solar PV Power station. This will be of assistance in determining the potential of floating solar installations in supplying power to island and coastal regions in the south of Thailand into the future. For financial analysis, the floating PV system could cost around USD 482,000 with a payback period of 11 years. With three assumptions,  electricity price is 8 baht/kWh, the average sunshine is 8 hours/day, and  there is no tax for floating system, NPV will be USD 86,953, and IRR will be 2%. The sensitivity analysis results show that there is a marked difference, when electricity price changes from the government policy. Through this study, we are able to gain insight into how this renewable energy innovation sheds light on the energy and geopolitical challenges facing the south of Thailand.  Acknowledgements  
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The Design of Pre-charge Systems for Electric Formula Student 
 

Sura Laptawee1*, Boonyakorn Rakthanyakarn 2 and Kiattisak Sunan1 
 ABSTRACT 
 

Motor controllers in electric vehicle typically have a large internal bank of capacitors with very low Equivalent Series Resistance ( ESR) .  As a result, when initially connecting a battery to the motor controllers, there is an inrush of current, which can easily reach over 1000A, followed by a voltage surge due to battery and cabling inductance.  Both current spikes and voltage surges may cause problems for various components, such as damaging motor controllers or other capacitive loads, damaging accumulator packs that are not rated for the inrush of current, blowing the main fuse before the vehicle can even run, and most commonly, welding the contactor’s contacts. Problems such as welded contacts cannot be detected by just visually inspecting components. A pre-charge circuit will solve these problems without limiting the operating current of the tractive system. The Battery Management System (BMS) has a pre-charge circuit built into the system. The pre-charge circuit of the BMS works in the following sequence: when the vehicle is initially powered; the pre-charge circuit first enables the pre-charge relay. Then, after approximately 1-2 sec of pre-charging, it will detect a sufficiently low current flowing through the pre-charge resistors. At that point, the circuit enables the main contractor, and current can now pass through the less resistive pathway.   
Keywords: Pre-charge, Electric vehicle, Electric formula car  
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Introduction 
  Fossil fuels contribute a significant percentage of global energy consumption and play an important role in our daily life, as they are used for powering vehicles, generating electricity, and many other uses.  ( Campbell and Laherrere, 1998)  As with any non- renewable resource; the continued consumption of fossil fuel has increased prices considerably over the last decade. In addition, fossil fuels contribute significantly to greenhouse gas emissions as well as pollution.  All of the above makes the use of renewable energy attractive and has prompted scientists and researchers to start looking towards alternative energy sources and other technological innovations to reduce the carbon footprint.  Technology innovations such as electric vehicles (EV) and the installation of renewable energy, namely solar and wind farms, have become prominent to the public.  Government incentives for clean energy that are currently in place are helping to accelerate this. Particularly in the automotive field, vehicles using hybrid or electric propulsion systems have been actively developed (Pisu et al., 2006;  Hashimoto et al., 2010) .  Currently, electric vehicles are gaining much attention.  These electric propulsion systems use electric power to drive the vehicles, so energy storage devices such as batteries have an essential role in these systems.  Consequently, the Thai Society Automotive Engineer (TSAE) competition has focused on promoting engineering principles for design and research with Electric Formula Student cars.  The Electric Formula Student competition has designed the following rules for the electrical systems: the vehicles must have Electric Safety Systems with Brake System Encoders, Electric Accelerators, Insulation Monitoring Devices, Battery Chargers, Discharge, and Pre-charge. 

In this paper, we present a design for pre-charge for the Electric Formula Student vehicle 
of the CarreraZ Racing Team from Thai-Nichi Institute of Technology. This pre-charge is 
designed to prevent voltage surges that may cause severe problems and damage the motor 
controller or other capacitive load. 

 Analysis of Resistor and Capacitor   
 Analysis of resistor and capacitor for pre-charge circuit calculated failure resistors and analyzed the motor controller capacitances.   
1. Calculation of failure resistors 
 

During the pre-charge stage, the circuit could be modeled as a simple RC circuit. 
According to the RC constant, τ=R×C, the capacitor increases in charge by 63.2%. As a rule of 
thumb, the capacitor is fully charged after an approximate time. Therefore, the power dissipated 
by the pre-charge resistor is then equal to the energy in the charged capacitor divided by the 
time taken to fully charge the capacitor.   
Table 1 Specifications of Resistors 

Groups Pre-Test 
Resistance 100 Ohm 
Temperature Coefficient ±100 ppm/°C 
Dimensions 24.1 x 72 x 47.5mm 
Package/Case Aluminum Housed 
power resistors 75 Watts 
Tolerance ±5% 

 
Given that the accumulator packs are 96 V maximum and resistors are rated at 100 Ω , 

the power dissipated in the pre-charge resistor is therefore equal to 22. 5 W.  This is only 30% 
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of what the pre-charge resistor could take ( Table 1) .  The instantaneous power, which is ten 
times the power dissipated, will not be an issue, as the resistors used can handle peaks up to ten 
times of their continuous rating. Therefore, they are less likely to fail from overheating.   

P = E
 = CVమ

ଶ(ହRC) = Vమ
ଶ(ହR) = Vమ

ଵR    (1) 
 

2. The motor controller capacitances 
 
 To charge the capacitor up to 95% state of charge, the time required to pre-charge is at 
least 3τ (Dear et al., 2012). With the given information on the min pre-charging time (1s) and 
the rating of the resistor used, the maximum capacitance that the pre-charge circuit can take is 
given by  T = 3τ =  (2)       ܥ3ܴ
 
From this, Equation (3) and R=100 Ω Capacitor follow as: 

C = ଵ
ଷ = 3.33 × 10ିଷ F   (3) 

 
 Due to a of lack of available information on the motor controller’s capacitances and the 
inaccuracy of measuring capacitance with a multimeter, it is impossible to determine whether 
the capacitances in the motor controller will be charged to 95% state of charge.  
 
3. Simulation of the RC circuit  

 Figure 1 The charging and discharge RC circuits  
 Figure 1 shows the schematics of charging and discharging RC circuits. The 
component’s value was set at R = 1 kΩ, C =3.33×10-3 F and Vs = 96 V.  Figure 2 shows the 
result of simulation for charging, with the time required to pre-charge set at 1 second, and Figure 
3 shows the result of simulation for discharging, with the time required for discharge set at 2 
seconds. 
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 Figure 2 The simulation of charging 
 
 

 Figure 3 The simulation of discharging  
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Proposed architecture for pre-charge 
 
 The pre-charge system design for the Electric Formula Student vehicle contains a pre-
charge circuit and a discharge circuit.  
 
1. The design pre-charge circuit   

 Figure 4 Circuit design of the pre-charge circuit  
 
 Figure 4 shows the pre-charge circuit. The pre-charge circuit is “ON” when Switch SW1 
is “ON”, Relay K1 is “ON” and Relay K2  is “OFF”, with LED2 (Blue Lamp) showing the 
working status of the pre-charge circuit. After the Timer Delay control has determined that the 
pre-charge circuit has stopped for 1 second, Relay K2 LED1 (Green Lamp) and Magnetic Relay 
(AIRs) for Control High Voltage (96 V) will be “ON”. When the circuit voltage approaches 
near steady state, then the pre-charge function is complete. The normal operation of a pre-
charge circuit is to terminate pre-charge mode when the circuit voltage is 95% of the operating 
voltage. Upon completion of pre-charging, the pre-charge resistance is switched out of the 
power supply circuit and returns to a low impedance power source for normal mode. The high 
voltage loads are then powered up sequentially when Switch SW1 (OFF) discharge circuit is 
working. 
 
2. The simulation of the pre-charge circuit 
 
 Figure 5 shows the simulation of the pre-charge circuit.  This pre-charge circuit was 
charged to 95% state of charge at 1 second.   
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 Figure 5 The simulation of the pre-charge circuit  
3. Experimental results 
  
 The pre-charge function was complete in 1 second. After that, normal operation of a 
pre-charge circuit is to terminate pre-charge mode when the circuit voltage is about 91.2 Volt. 
Upon completion of pre-charging, the pre-charge resistance is switched out of the power supply 
circuit and returns to a low impedance power source for normal mode. The high voltage loads 
are then powered up sequentially. Table 2 shows the test of the operation of the circuit. That 
found the pre-charge circuit worked normally. 
 
 
Table 2 Testing the pre-charge circuit 

SW1 Timer Delay Relay K1 Relay K2 LED 1 LED 2 AIRs 
ON 

 
OFF 

OFF 
After 1s 

OFF 
ON 
ON 
OFF 

OFF 
ON 
OFF 

OFF 
ON 
OFF 

ON 
OFF 
OFF 

OFF 
ON 
OFF 

 
Conclusion  
 
 The capacitive loads of motor controllers can be exposed to high electric current during 
the initial turn-on. It can cause considerable stress and damage to the system components. In 
some applications, occasions to activate the system are rare occurrences, such as in commercial 
utility power distribution. In other systems such as vehicle applications, pre-charge will occur 
with each use of the system, multiple times per day. Pre-charge is implemented to increase the 
lifespan of electronic components and increase reliability of the  
 
high voltage system. As the circuit voltage approaches near steady state, then the pre-charge 
function is complete in 1 second. Normal operation of a pre-charge circuit is to terminate pre-
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charge mode when the circuit voltage is 95% of the operating voltage. Upon completion of pre-
charging, the pre-charge resistance is switched out of the power supply circuit and returns to a 
low impedance power source for normal mode. The high voltage loads are then powered up 
sequentially.  
Acknowledgement  
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Speed Control of Induction Motor with Over-Voltages 
Suppression Methods for Long Cable Drive Applications 

 
Grit Tongkhundam1* 

 ABSTRACT 
 This paper presents V/F drives of induction motors using a single voltage source inverter through long feeding cables.  As known, when the cable length is long, over-voltages at the motor terminal could be doubled from the pulsed output voltage at the inverter terminal.  In this paper, a half DC-link inverter is implemented to drive three motors simultaneously for different configurations of cable lengths. The implemented inverter drastically reduces the over-voltage at three motor terminals with a proper duration time of Vdc/2 level (β). Simulation and experimental results are provided to show the effectiveness of over-voltage reduction by using this inverter. According to the results for three motors with series multiple drives configuration, this β should be calculated based on the cable length closed to the longest.  Keywords: V/F drives, Long Cable Applications                   
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Introduction  
    Normally, all variable-speed motor drives use pulse width-modulated voltage-source inverters (PWM). Switching devices used in inverters are usually the insulated gate bipolar transistors (IGBT). A high switching frequency of the power switching devices is required to improve the current waveform quality. Switching frequencies of 2-20 kHz and a rise time of 0.1µs are typical specifications in the modern IGBT module. As known, the cable delay transport is increased as the cable distance increases. When the cable transport delay is higher than the critical rising or falling time of inverter terminal voltages, the motor terminal voltage could increase to double and eventually attribute to motor starter winding failures and eventually it will reduce the lifetime of motor (Marc et al., 1998; Hanigovszki et al., 2004; Rodriguez et al., 2006). Significant damage to the motor insulation can occur if these overshoots are greater than the maximum rated voltage of the motor. As defined by NEMA MG1, Part 30, general-purpose motors should be limited to voltage overshoots of less than 1000 volts. General-purpose motors that operate at 220 volts (rms) due not produce overshoots of this magnitude. Motors with voltages of 380 volts (rms) (dc-bus 537 volts) or greater may require filters or reactors to reduce the amount of overshoot to an acceptable level.  An Over Voltage Suppression Method Analysis   
         An Over Voltage Suppression Method with the 2 level inverter is called half-dc link inverter (Lee and Nam, 2002). When imputed u(t) into the inverter, the cable and the motor model will be shown as in  figure 1. The voltage at the motor terminal is equal to V(l,s). This causes over voltage as shown in the figure 1. If we change the input to u(t)/2, the voltage at the motor terminal is equal to V(l,s). This causes the double voltage as shown as the figure 2.             

Figure 1 The motor and the inverter terminal voltage with input )2/(tu  to the                              cable and motor model.  
When input  2

)( tu
into the cable and the motor model, the voltage at the motor terminal 

equals to ),( slV . This causes the double over voltage with the delay time =   as shown in  Figure 2. [4].      
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Figure 2 The motor and the inverter terminal voltage with input 2/)( tu                                attached to the cable and the motor model.  

The signal 2/)(tu  plus 2/)( tu equals 2
)()()(  tututVu  and then we use this as an input of the cable and the motor model in the equation (24) and (25). When we analyze by using the laplace transform , we have:  

When        2
)()()(  tututVu   take Laplace ,  2

)()()( s
u

esususV    
Replace )(tu  into equation (24) and (25) with )(tVu  therefore  
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                                             (1)                                        When we expand the equation (26) into series, we have.   ..)(2
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Replace   in equation (27) with 2 , we have    ..)1()1()(2
1),( 53   s

GLGL
s

GL
sLu eKKKKeKKesuKslV 

                       (3)   The cable and the motor model are written by using the equation (28). The input is  
2

)()()(  tututVu . The over voltage at the motor terminal will be dropped as shown in  Figure 3. 
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                    Figure 3 The motor and the inverter terminal voltage with input  
2

)()()(  tututVu  to the cable and the motor model.  From the equation (3), when we calculate the motor terminal voltage maximum, we are only 
interested in 0t  to 2  because the over voltage will have the maximum value of 2t . Thus, when other terms in the equation (3) are eliminated, we have:    

                              %1002
)2(),( xKKKslV LGG

u
                                        (4)   Experimental Results 

       Figures 2 and 3 show overall system and actual pictures of the Speed Control of Induction Motor with Over-voltages Suppression Methods for Long Cable Drive Applications, respectively. Overall hardware is implemented on MC3PHAC monolithic intelligent motor control, MCS-51 8-bit microcontroller and gate driver circuit. For additional six auxiliary switches (Q7-Q12). In this inverter, their switching signals are implemented by mono-stable circuitry and their controls are from the same microcontroller. The inverter is designed to use MOSFET (IRG4PH40UD) which has the switching characteristic rising time = 35 ns and falling time = 240 ns.      
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                   Figure 4 Speed control of Induction motor with over-voltages suppression methods circuit  
The cable is 1.5-mm2 PVC type 67 m. Its parameters are L=16.5uH/m, C=4.45pF/m, and R=4. 
The motor parameters are Chf=750pF, Rhf=300, and Rlf=2.5, Llf=500uH. The inverter is 
modeled as an ideal PWM voltage source with a source resistance (RS=7).  
Figure. 5.3-5.8 and 5.9-5.17 show the simulation and experimental results, respectively.                Figure 5 Speed control of induction motor with over-voltages suppression prototype    Figures 4 and 5 show overall system and actual pictures of the speed control of the induction motor with over-voltages suppression methods circuit, respectively. Overall hardware is implemented on MC3PHAC monolithic intelligent motor control, MCS-51 8-bit microcontroller and gate driver circuit. An additional six auxiliary switches (Q7-Q12) are in this inverter and their switching signals are complemented by mono-stable circuitry and their controls are from the same microcontroller. The inverter is designed to use MOSFET (IRG4PH40UD) which has the switching characteristic rising time = 35 ns and falling time =?     



Proceedings of the 9th Rajamangala University of Technology International Conference   24 

 
RMUT Driving Innovation for Thailand 4.0  

                                                  Figure 6   inverter and terminal voltage of hardware prototype      Conclusion 
 This thesis proposes over-voltage suppression methods for PWM inverter in long cable applications by using filters and half dc-link solutions. The main issue of this proposed research is to analyze the efficiency and loss of half dc-link in inverter and filters solution with the optimum design half dc link inverter as the function of cable length. 
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Coin-Screening Machine Base on Digital Image Processing 
Technique 

 
Ruangyos Keteruksa1*, Suthee Rukkaphan1 and Fusak Cheevasuvit1   

ABSTRACT 
 

 This paper presents a coin-screening machine with digital image processing technique. 
The structure of machine consists of a webcam, personal computer (PC), coin-screening 
equipment, and micro-controller Arduino board. The PC, which was designed as digital image 
processor, was developed by the MATLAB program. The coins under consideration feed into 
the coin-screening equipment by means of a conveyor belt. The webcam captures the picture, 
which is the image file and sends them to the digital image processor. The digital image 
processor performs an analysis with the Sobel edge detection method and compares it with the 
original image data. Then the digital image processor sends a command to the microcontroller 
Arduino board to control the coin-screening equipment. The experimental coins have five sets: 
1 baht coin, 2 baht coin, 5 baht coin, 10 baht coin, as well as others. The experimental results 
showed that a coin-screening machine with digital image processing technique can  sort coins 
for particular purposes.  
Keywords: Coin-screening, Digital image processing, Sobel edge detection method     
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Introduction 
 

 In this paper, we address how technology has played a greater role in human life with 
respect to an increase in comfort, less time spent on the job, and reduced labour costs. This 
results in less error as well as reduced risks and hazards to workers. It can also drive the 
economy, investment and trade practices of a country.  One of the major roles for technology 
is in the financial sector. In Banking Finance for Deposits and Loans the main problems are: 
identifying the huge amount of coins that bankers must count and sort out each day. This also 
includes sales people who count the number of coins each day. The coin sorting machine with 
its image processing technique is a very accurate and fast means to facilitate the separation of 
coins. To summarize: this paper begins with the structure of the machine which consists of a 
webcam, personal computer (PC), coin-screening equipment, and microcontroller Arduino 
board. The PC, which was designed as a digital image processor and was developed by the 
MATLAB program. The coins under consideration feed into the coin-screening equipment by 
a conveyor belt. The webcam captures the picture, which is an image file and sends them to the 
digital image processor. The digital image processor performs an analysis with the Sobel edge 
detection method. Then compares it with the original image data. Then, the digital image 
processor sends a command to the microcontroller Arduino board to control the coin-screening 
equipment. 
 Materials and methods 
 
  Gonzalez and Woods (2002) discuss the edge by checking the border drag across, or 
near any point. This is measured by the change in intensity at positions close to that point. They 
are able to find the edge by the Gradient method and Laplacian method. This research paper is 
interested in the Gradient method as a way to find the edge by finding the lowest point and the 
highest in the form of the first derivative of the image. The edge points are located above the 
threshold, so the border is thick. Examples of ways to find the edges of this group are: Prewitt, 
Sobel, Roberts, Candy, etc. 
 

 
 

Figure 1 Finding the edge Gradient Method 
 

Finding the edge (Edge Detection Methods). There are many algorithms for finding the 
edges. Based on relevant research, the algorithm of Canny edge detection is highly accepted for 
its good edge finding capabilities but cannot be used because of previous algorithms. The result 
is much more complex than the other algorithms, which makes the generated circuit too big. 
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Therefore, in this research, attention was paid to the Sobel method, because of the sharp outer 
borders. 

Sobel edge detector for use in edge finding (Gonzalez and Woods. 2002). 
 

Start

Input Image

xsize = Image. Width:
ysize = Image. Height:

For j = 0 To ysize Do

ptr: = Image.ScanLine[j]

For i = 0 To xsize Do

For j = 0 To ysize Do

For i = 1 To xsize Do

p = ((ptr[3*i+1])+ptr[3*i])/3:
gray[j*xsize+i] = p:

sx = gray[(((j+(-1))*xsize)+(i+(-1))]*(-1);
sx = sx+gray[(((j+(-1))*xsize)+(i+1)];
sx = sx+gray[(j*xsize)+(i+(-1))]*(-2);
sx = sx+gray[(j*xsize)+(i+1)]*(2);
sx = sx+gray[((j+1)*xsize)+(i+(-1))]*(-1);
sx = sx+gray[((j+1)*xsize)+(i+1)];
sy = gray[(((j+(-1))*xsize)+(i+(-1))]*(-1);
sy = sy+gray[(((j+(-1))*xsize)+i]*(-2);
sy = sy+gray[(((j+(-1))*xsize)+(i+1)]*(-1);
sy = sy+gray[((j+1)*xsize)+(i+(-1))]; 
sy = sy+gray[((j+1)*xsize)+i]*(2);
sy = sy+gray[((j+1)*xsize)+(i+1)];
ImgEdge[j][i].Gx = sx:
ImgEdge[j][i].Gy = sy:

END
  

Figure 2 Flow Chart of Sobel edge detectors for use in edge finding.  
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Sobel uses gradient operators by applying the first derivative to the two-dimensional 
image. The gradient of the image is represented by the position determined by the vector as 
follows: 

Determined                                   f =
             

f
Gx x

fGy
y

         (1)                             

 
The results obtained from the vector analysis yields the value derived from the change 

in the maximum level of the gradient vector in the various directions at the location , )x y  and 
the most important quantitative way to find the border is the value. Determined f     2 2f ( )    x ymag f G G                 (2) 
 

Direction of the gradient vector can be calculated by assigning , )x y  represented by 
the angular direction of the vector f  at , )x y  using the equation 

 

         -1, ) = tan     
y
x

Gx y G                                  (3) 
 

When the angle is the distance of the x-axis, the direction of the edge at (x, y) is the 
perpendicular to the direction of the gradient vector at that point. Sobel work to find nonlinear 
edges. Discrepancies can be changed by adjusting the margin   xR T  of the original image by 
working on the gradient vector and using a mask size 3 * 3 for the algorithm.  
Determined          zG  = Mask of the action at various positions. 

 xG  = Mask of the action at the axial position x  
  yG  = Mask of the action at the axial position y  
 

1 2 3
4 5 6
7 8 9

        
=         

        

     
z

R R R
G R R R

R R R       
  

1     2   +1
=   0     0     0

1 2  1

       
xG        

1    0   +1
= 2    0   +2

1    0   +1
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 When a mask size 3 * 3 is obtained, it will be replaced by the value and can be 
calculated from the following equation:                                          

7 8 9 1 2 3= (  + 2  + ) ( + 2  + ) xG R R R R R R                    (4)
  

3 6 9 1 4 7= (  + 2  + ) ( + 2  + ) yG R R R R R R                    (5) 
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Convolution is the implementation of values xG  and yG  mark where actions are 
multiplied by the image.  

1B 2B 3B 4B 5B 6B
7B 8B 9B 10B 11B 12B
13B 14B 15B 16B 17B 18B
19B 20B 21B
25B 26B 27B
31B 32B 33B

1R
4R
7R

2R
5R
8R

3R
6R
9R22B 23B 24B

28B 29B 30B
34B 35B 36B   

Figure 3. Convolution add Mark  

         
Figure 4 The example of finding edge by the Sobel method (Gonzalez and Woods 2002)                                                     

Figure 5. The coin-screening machine with image processing technique starts by 
screening the mechanical devices. Then, the measurement and display devices are sorted by the 
number shown and the positions in sequence are described. 
 
 

   Figure 5 Structures for Coin-Screening Machine 
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Position 1  =  Install the coins into the conveyor belt.  Position 2  =  Sensor mount, point 1 is used to detect objects to shoot.  Position 3  =  A Webcam is set up for coin shooting from top to bottom.  Position 4  =  Sensor mount point 2 is used for metal detection.  Position 5  =  Cylinder mounting point for coin pressure.  Position 6  =  Where coins are pushed out.  Position 7  =  These are different coin sorting locations. Position 8  =  An interior workstation installation point consists of a microcontroller modular relay power supply and motor driver modules. The external workstation installation is composed of a monitoring display.  

 Figure 6 Structures for control unit  
 Figure 6. Structures for control unit. Arduino Mega 2560 microcontrollers can be 
divided into three main areas. 
 

(1) The input sector acts as a data input by receiving values from both sensor sensors and 
images from the webcam to send for processing in the processor.  

(2) The processing sector is responsible for processing input data from the input sector. 
The image to sort the coins is processed in the following way: the MATLAB program  
receives images from the Webcam and uses the microcontroller to connect the sensor 
with the MATLAB program in order to read the sensor object 1 which controls the 
image, and to read the sensor object 2 which controls the operation of the solenoid to 
open-close the wind in the program. Then, the MATLAB will process the image to 
sort the coins. And the output will work. 

(3) The output sector is responsible for receiving orders from the processing sector and in 
executing the orders received. The processor will instruct the relay module to run. 

 
Results and Discussion  
  In the reign of the His Majesty King Bhumibol Adulyadej (King Rama IX of Thailand); 
the Government issued coins consisting of copper and tin coin with the coat of arms of Thailand.  
In 1950, it produced 5 Baht coins for the first time and in 1972, it produced 10 Baht coins for 
the first time. In 1988, w i t h  coin production in circulation, commemorative coins were also 
issued and a commemorative medal was developed. The following coins have been in 
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circulation up to the present time. There are six sets: 2 5  Satang coin, 5 0  Satang coin, 1  Baht 
coin, 2 Baht coin, 5 Baht coin, and 10 Baht coin. 
Table 1 Circulated coins: Data from Bank of THAILAND  

Circulated coins 
Image Cost Data 

Front Back  Diameter Weight Material 

  
 

25 Satang 
 

16 mm. 1.9 g. 
 
 
Copper  Plated 
Steel  

  
50 Satang 18 mm. 2.4 g. 

 
 
Copper  Plated 
Steel  

 
 
Table 1 Circulated coins: Data from Bank of THAILAND (continued)   

Circulated coins 
Image Cost Data 

Front Back  Diameter Weight Material 

  
1 Bath 22 mm. 3 g. Nickel steel 

  
2 Bath 21.75 mm. 4 g. 

 
Aluminum 
bronze 
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5 Bath 24 mm. 6 g. 

 
 
Cu Nickel 
Copper 
Filled 

  
10 Bath 26 mm. 8.5 g. 

Ring:  
Cu Nickel 
Central: 
Aluminum 
bronze 

 
(3.1) The procedure of the coin-screening test with image processing techniques. 
           Figure 7. There is a coin to be conveyed. Then proceed to insert the coin into the 
conveyor and send the coin to the belt in order be to sort in the next step.  

  
 

Figure 7 The coin-screening machine.  
                        Figure 8. Sensor No.1 stands by and detects moving coins. When the coins move 
through the sensor moves, the MATLAB program will take a picture. The image is processed 
according to the following conditions.  
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Figure 8 Sensor No.1 stand by detects moving coins.  
Figure 9. This shows the process command window, and conditions with image 

processing techniques using the Sobel way to sort the coins according to the conditions. 
 
 
 
 

  
 

Figure 9 The process command window.  
Figure 10. Sensor No.2 stands by to detect moving coins. When the coin moves through 

the sensor, the MATLAB program will compare it with the original image, and the work is 
processed by the microcontroller which controls the next condition.  
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Figure 10 The sensor No.2 stands by to detect moving coins.  
Figure 11. The process of sorting coins is different. The second sensor sends the data to 

the microcontroller operator for the cylinder to work out the different coils from the conveyor 
belt. 

  

  
 

Figure 11 The process of sorting coins is different. 
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Figure 12. The processed coin and the tossed-out coin will continue to flow down to the 
coin sorting machine. 

 
 

 
 

Figure 12 The coin into the sorting machine. 
 
Experimental topics  

(1) Coin-screening by coin processing technique 25 Satang, 50 Satang, 1 Baht, 2 Baht,      5 
Baht and 10 Baht up to 50 times.  

(2) Coin-screening using 50 different coin processing techniques.  
(3) Coin-screening by coin processing technique 25 Satang, 50 Satang, 1 Baht, 2 Baht,      5 

Baht and 10 Baht and 50 different random coin types. 
 
(1) Coin-screening by coin processing technique: 25 Satang, 50 Satang, 1 Baht, 2 Baht,         5 

Baht and 10 Baht to 50 times.  
 

 
Category 
Sorting 

 
Number of 

images 
Tested 

Accuracy 
Number of 

images 
 

Percent 
25 Satang 50 50 100 
50 Satang 50 50 100 

1 Baht 50 50 100 
2 Baht 50 50 100 
5 Baht 50 50 100 
10 Baht 50 50 100 
Average 50 50 100 
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(2) Coin-screening using 50 different coin processing techniques.  
 

 
Category 
Sorting 

 
Number of 

images 
Tested 

Accuracy 
Number of 

images 
 

Percent 
25 Satang 50 46 92 
50 Satang 50 48 96 

1 Baht 50 49 98 
2 Baht 50 49 98 
5 Baht 50 49 98 
10 Baht 50 49 98 
Average 50 48.34 96.67 

 
 
(3) Coin-screened by coin processing technique 25 Satang, 50 Satang, 1 Baht, 2 Baht,          5 

Baht and 10 Baht and 50 different random coin types. 
 

 
Category 
Sorting 

 
Number of 

images 
Tested 

Accuracy 
Number of 

images 
 

Percent 
25 Satang 50 46 92 
50 Satang 50 49 96 

1 Baht 50 50 100 
2 Baht 50 50 100 
5 Baht 50 50 100 
10 Baht 50 50 100 
Average 50 49.17 98 

 
 Conclusion 
 

The simulation results showed the coin sorting machine with the image patching 
technique. Starting from the input, it takes a picture from a webcam that processes it using the 
MATLAB program which analyses the conditions with edge detection technique. The Arduino 
Mega 2560 microcontroller is compatible with the object sensor, to coin the coins according to 
conditions. The next step is to get input and output data. The Arduino Mega 2560 
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microcontroller is the final condition. If the object is processed as correct, it sends information 
about the object being conveyed to the end of the conveyor belt. If the object is processed as 
incorrect, the program will send data to remove the object from the belt. 
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Design of Data Acquisition Unit Using Arduino from a Flow 
Velocity Meter for Tides in the River 

 
Sanya Samaimak1* and Shanin Harnnarong1  

ABSTRACT 
 

 The Royal Irrigation Department is responsible for managing water availability in Thailand. Many instruments are used to read the data to obtain the needed hydrological data. The instruments that it has applied to measure the velocity of the tide are the flow velocity meters A-OTT C31 that compatible with the audio and numerical displayer Z 41-00. They have been used for 30 years, (1988 - 2018).   Design of Data Acquisition Unit Using Arduino from a Flow Velocity Meter for Tides in the River was presented in this paper. It was designed to use as a substitute for the audio and numerical displayer Z 41-00 that were broken. The result of the design and the experimentation show the ability of working together with the flow velocity meters A-OTT C31 and the accuracy of the data acquired from this designed instrument are satisfactory.  Keywords: The Royal Irrigation Department, Flow Velocity Meter, Arduino                            
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Introduction 
 1. Current meters  The water current velocities are measured by the tools that measure the speed of the tide and they are classified into two types (Leevajanakul, 2000; Polpananavee, 2011).  1.1 Mechanical current meters   Mechanical current meters are mechanical devices that are the main components. The tools will move when the current flows and there are three types.   1.1.1 Vertical axis current meters   1.1.2 Horizontal axis current meters   1.1.3 Pendulum current meters  1.2 Electronic current meters   Electronic current meters are electronic devices that work primarily on electronic devices. These tools work better than mechanical current meters and there are three types.   1.2.1 Electromagnetic velocity meters   1.2.2 Doppler velocity meters   1.2.3 Optical strobe velocity meters  The tools that have been used by the Irrigation Department are A-OTT C31, the current flow meters, with Z 41-00, audio and numerical indicators. The A-OTT C31 current flow meter is mechanical current meter that is the type of horizontal axis current meter.  2. Arduino  Arduino is an open-source electronics platform based on easy-to-use hardware and software (Makarn, 2009; Arduino Language Reference, 2018). In this paper, we use Arduino Due which is one of the Arduino family.   Arduino Due can be obtained signals in square wave form via digital pin. After that interrupt  service function is called to count the incoming waveforms. The obtained values are stored in p_count variable and those values will be managed in various processes later.  Materials and Methods 
 
1. Signal form A-OTT C31 
 

   
Figure 1 A-OTT C31 

 
Figure 2 A-OTT C31 Signal 

 
 
 The A-OTT C31, the original universal current meter for flow velocity measurement in 
rivers and open waterways. It has proven quality, precision and reliability (OTT Hydromet, 
2017) 



Proceedings of the 9th Rajamangala University of Technology International Conference   40  

 
RMUT Driving Innovation for Thailand 4.0  

 Water flow causes rotation of the current meter propeller. Once per revolution,  
a magnet attached to the current mete propeller operates a water-tight sealed reed contact.  
The contact sequence is proportional to the velocity of the water at the measuring point.  
The sequence is captured by an attached counter and used for calculating flow velocity at the 
measuring point, based on the current meter equation (OTT Hydromet, 2017) 
 The relationship between propeller revolution and flow velocity is determined by the 
following formula  
 
ߥ      = ݇ ∙ ݊ + ∆           1 
 
Wherein: ݇ : Hydraulic pitch of the current meter propeller [݉ ⁄ݒ݁ݎ ] which was determined by towing 

tests carried out in a rating tank. ݊ : Propeller rotation per second [ݏݎ]. ∆ : Current meter constant [݉ ⁄ݏ ] which was determined by towing tests carried out in a rating 
tank. 

 
 Since there are mechanical differences between the propellers caused by manufacturing 
tolerances and differences in bearing, the constants ݇  and ∆  are precisely determined 
individually for each current meter in the OTT rating tank (BARGO Test Certificate and 
BAREL Velocity Table) [5]. 
 
2. Block diagram 
 

  
Figure 3 Block Diagram 

 
The block diagram consists of 4 parts: 
 2.1 Function Generator that can supplies the square wave form in many frequencies. It 
has the signal form which is similar to the signal that can be measured from the A-OTT C31 
universal current meter. 
 2.2 Oscilloscope is used to measure the supplied signal from the function generator. The 
results of the oscilloscope measurements are used to calculate the errors and uncertainties of 
the designed instrument. 
 2.3 Arduino Due is used to measure the supplied signal from the function generator at 
the same time with the oscilloscope. The results of the Arduino Due measurements are used to 
calculate the errors and uncertainties for comparisons with the results of the oscilloscope 
measurements. 
 2.4 Serial Monitor is used to display the results of the Arduino Due measurements. As 
Arduino starts to measure the signal, the frequency results of the measurements are sent out to 
the serial port. Then the frequency results will be display on the serial monitor. 
 
 

Function
Generator Oscilloscope

Arduino
DUE

Serial
Monitor
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3. Flowchart 
 To show the workflow of the designed process in this paper was presented in flowchart. 
When the program starts, it manages the hardware in its initial state and then it resets all of the 
variables before it enters the main loop. The main loop is controlled for a fixed time of 1 second 
per work cycle. In this way, the main loop period is constant so that the frequency can be 
determined by reading the value obtained from the interrupt routine. Every time an interrupt 
occurs, the value of the p_count variable is updated at runtime. When the program reaches the 
cycle of reading in the main loop, the value of the p_count variable will be taken to the p_store 
variable. This value will be calculated to frequency values and then the p_count variable is reset 
to 0. The program run in loop continuously. 
 

  
Figure 4 Flowchart 

 Results and Discussion  
 
1. Testing at 20 Hz, 200 Hz, 1 kHz and 2 kHz 
 

 

 
        Experimented by frequency input with a function 
generator at frequencies of 20 Hz, 200 Hz, 1 kHz and 2 
kHz. Then measure the output signal with oscilloscope 
and Arduino to compare results.  
        Determine the number of random variant n = 15. 
To keep all raw data from a serial monitor. The results 
of all experiments are shown in Tables 1 to 4. 
 
 

 Figure 5 Test bench. 
 
 
Table 1 Test results at 20 Hz 
 Oscilloscope Serial Monitor Summary 

   
Oscilloscope = 20.0564 Hz 
n = 15 
Average = 20.0000 Hz 
SD = 0.0000 
Ua = 0.0000 

Define Variables

Start

Initialize Hardware
Reset Variables

Process LED = ON
p_store = p_count

p_count = 0
Process LED = OFF
Waite Until 1 Sec.
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Table 2 Test results at 200 Hz 
 Oscilloscope Serial Monitor Summary 

 

  

 

  

 
Oscilloscope = 200.044 Hz 
n = 15 
Average = 200.0667 Hz 
SD = 0.2582 
Ua = 0.0667 
 
 

 
Table 3 Test results at 1 kHz 
 Oscilloscope Serial Monitor Summary 

 

  

 

  

 
Oscilloscope = 1004.19 Hz 
n = 15 
Average = 1004.2000 Hz 
SD = 0.4140 
Ua = 0.1069 
 
 

Table 4 Test results at 2 kHz 
 Oscilloscope Serial Monitor Summary 

 

  

 

  

 
Oscilloscope = 2006.27 Hz 
n = 15 
Average = 2006.3333 Hz 
SD = 0.4880 
Ua = 0.1260 
 
 

 Conclusion  
 
 The experimental results show that this designed prototype can read four tested areas of 
the frequency range properly well. The application of this prototype will be applied to the A-
OTT c31, the current flow meter, for replacing the damaged Z 41-00, the counter which is used 
to display as an audio and numerical output. It can be done simply by connecting only two 
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wires. The prototype of this research will be developed as a tool to be used in fieldwork in the 
future. 
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Alarm Bubble within Intra Venous Tube via Application Line. 
 

Jantira Juakvont1*, Jiraphong Kongpeng1 and Thanusak Jankaew1 
 ABSTRACT 
  Currently medical treatment is necessary to use infusion pump for controlling solution flow intravenous tube. And infusion pump in the market can protect patient from air bubble within the intravenous tube by alarm sound, thus nursing staffs have to stand by within area that can hear sound from alarm system of the infusion pump. This paper presents a method to increase area of warning air bubble within the intravenous tube of the infusion pump by using application Line. And nursing staffs will get warning message via smart phone or tablet. From tested result found that the alarm bubble within the intravenous tube system can detect air bubble, then send alerted information through network and the warning message was displayed on mobile device. The alarm bubble within the intravenous tube system spent more time in sending warning message through network internet. While time for processing the detected signal till sending message to sever is about 1.37 seconds. In conclusion the alarm bubble within the intra venous tube system can be applied with the infusion pump to protect the patient from air bubble within the intravenous tube.    
Keywords: Alarm bubble system, Intravenous tube, Infusion pump, LINE application 
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Introduction  
An air embolism occurs when one or more air bubbles enter a vein or artery and block 

it. These air bubbles can move to brain, heart, or lung and cause stroke, heart attack, or 
respiratory failure. A syringe or IV can accidentally inject air into veins while intravenous 
therapy. Intravenous therapy (IV) is a therapy that delivers liquid substances directly into a 
vein. And can be done by injection or infusion by using an infusion pump to control deliver of 
liquid substances into patient’s body. One method to protect patient from air embolism is 
detecting air bubble in intravenous tube and alerting nursing staff to assist the patient before the 
air bubble will enter to vein of the patient. In general, air bubble detection function also 
equipped with many infusion pumps that included in safety features, and alert user by sound 
alarm. Because of alerting air bubble in the intravenous tube by sound alarm, thus there must 
be nursing staffs stand by in area that the alarm sound can be heard for assisting the patient. For 
more convenient of nursing staff in assisting the patient can be done by increasing distance or 
area of alerting air bubble. Thus this paper introduced application of internet of thing 
technology to increase alerting area by using LINE application to inform the air bubble in the 
intravenous tube instead of sound alarm. That is more convenient for the nursing staff to work 
and can assist the patients in larger area. Concept of alerting air bubble in the intravenous tube 
by LINE application begins when sensor detected air bubble in the intravenous tube and the 
sensor generated signal, then the signal from the sensor is sent to processor for processing. And 
output of the processor is alerted message that is sent to communication module, the 
communication module upload the alerted message to server via Wi-Fi. Then the server sends 
the alerted message to mobile device or computer of the nursing staff through LINE Notify. 
Thus the nursing staff can assist or service the patient in larger area on time. Concept of alerting 
air in the intravenous tube via LINE application is shown in Figure 1. 

 

  
Figure1 Concept of alerting air bubble in the intravenous tube via LINE application 
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Materials and Methods  
1. Air bubble sensor 

 
From the concept of alerting air bubble in the intravenous tube, first of all, air bubble 

detected system was developed by using domestic material. The air bubble detected system 
consists of sensor, processor, and communication module. There are many air-in-line sensors 
in market that can detect air bubble by using ultrasonic technology or capacitive technology, 
but this project tried to use photodiode to detect air bubble instead. The air bubble sensor by 
photodiode was developed by M-Care Engineering Ltd. With concept of the photodiode 
generates current when received light on other side of the intravenous tube and the light can 
travel through the intravenous tube when there is air in the intravenous tube. The air bubble 
sensor is shown in Figure 2. 

 

  
Figure 2 Air bubble sensor 

 
2. Processor 
 

   Current from the photodiode is sent to transimpedance amplifier circuit that converts 
current signal to voltage signal that is appropriate for Arduino UNU board to process later. 
Processor of the air bubble detected system that is installed on the Arduino UNO board 
is ATmega328P microcontroller. The ATmega328P  microcontroller processes the voltage 
signal follow program that developed and downloaded into the Arduino board. After the 
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ATmega328P finished processing the voltage signal, then alerted message is generated.  The 
alerted message can be read on LCD monitor of the air bubble detected system case whether 
there is air bubble as shown in Figure 3.  

 

  
Figure 3 Alerted information on the air bubble detected system case 

 
3. Communication module 

 
To increase distance or area of alerting the air bubble in the intravenous tube , the alerted 

message must be sent to ESPino 32 board that contain ESP32 chip. The ESP32 chip is a single 
2.4 GHz Wi-Fi and Bluetooth combo that is designed for mobile, wearable electronics, and 
Internet-of-Things (IoT) applications.  The ESPino32 board is connected to the Arduino UNO 
board provide Wi-Fi and Bluetooth functionality through I2C interfaces as shown in Figure 4. 
Function of the ESP32 chip is processes the alerted message for uploading to server via Wi-Fi. 
And the server sends warning message through application LINE Notify on mobile device as 
shown in Figure 5. 
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Figure 4 ESPino32 and Arduino UNO are connected 

 

  
Figure 5 LINE application shown warning message that there is air bubble in IV tube. 

 
4. LINE application 

 
  LINE Notify is a service of LINE that prepared in form of application programming 

interface (API) for developer to develop project that require sending notification message 
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depended on condition to group or personal account. This project applied LINE Notify to send 
warning message of the air bubble in the intravenous tube as shown in Figure 5. To use 
application LINE Notify, both sender and receiver have to create LINE account, and register to 
the LINE Notify website for using service. Then open Line application and add LINE Notify 
as friend, the receiver can get warning message after finished this step. While the sender has to 
request the LINE Notify website for token and use the token for sending message. Developer 
had created code and programmed into the air bubble detected system for sending the warning 
message in Thai language as shown in Figure 5.   

 Results and Discussion  
 

The Alarm bubble in the intravenous tube system was tested by setting saline bag, the 
air bubble sensor, the detected air bubble case, the mobile device, and air bubble generator as 
shown in Figure 6.  

 

  
Figure 6 Testing setup of the alarm bubble in IV tube system 
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This alarm bubble system was tested to ensure that can detect air bubble and send the 
warning message corresponded to message received on mobile device. The testing used 
Srivijaya Wifi network for sending the warning message to server and receiving the warning 
message by the mobile device. The air bubble generator generated air bubble in the intravenous 
tube varies by:  

1. Generated air bubble every 10 minutes for 1 hour and checked number of warning 
messages in the mobile device. 

2. Generated air bubble every 5 minutes for 1 hour and checked number of warning 
messages in the mobile device. 

3. Generated air bubble every 2 minutes for 1 hour and checked number of warning 
messages on mobile device. 

 
Tested result found number of the warning message that arrive the mobile device 

presented as graph in Figure 7 to Figure 9.  When set up the air bubble generator to generate 
air bubble every 10 minutes, graph in Figure 7 shows 5 warning messages of air bubble in the 
intravenous tube within 1 hour. That presents the alarm bubble system can detect and send the 
warning message for all air bubbles that generated. Seems the system worked well with period 
10 minutes of the air bubble generated.   

 

  
Figure 7 Number of warning messages that displayed on the mobile device when generated air 
bubbles every 10 minutes. 

 
Then changed period of generating air bubble to be 5 minutes, graph in Figure 8 shows 

the mobile device received air bubble warning message every 5 minutes within 1 hour, except 
at 30-33 minutes seems there is delay of sending message. That occurred one time within 1 
hour. Performance in working of the alarm bubble system decrease about 10 percent when there 
is air bubble every 5 minutes.  

After that still decreased the period of generating air bubble to be 2 minutes and got 
result in Figure 9.  The graph displays there is delay on updating warning message in the mobile 
device 11 times within 1 hour. That means the alarm bubble system cannot detect and send the 
warning message for all air bubbles that occur every 2 minutes.  On the other hand, this testing 
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exhibited time that the alarm bubble system needed to work since detected the air bubble until 
the warning message was displayed on the mobile device is less than 2 minutes on sometimes 
and more than 2 minutes on sometimes.  

 
 

  
Figure 8 Number of warning messages that displayed on the mobile device when generated air 
bubbles every 5 minutes. 

 

  
Figure 9 Number of warning messages that displayed on the mobile device when generated air 
bubbles every 2 minutes. 
 

Then developer had investigated the delay of the system by separating delay time into 
delay on network and delay on hardware. Since delay on network depends on many variables, 
thus checking delay of hardware is easier. Developer had measured delay of hardware since the 
sensor detected the air bubble until the ESPino32 module sent the warning message to server, 
spent time for 1.37 second that displayed in Figure 10.  
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Figure 10 Processing time of the air bubble system since detected air bubble till sent warning 
message to server is 1.37 second. 

 
Result of the investigated delay indicated that the warning message was delayed in 

internet network. Imply that delay of the alarm bubble system depends on delay of the internet 
network. So the alarm bubble system can work well with period of 2 minutes air bubble 
generated if speed of the internet network is increased.   
 Conclusion 

 
The alarm air bubble system can work well to protect the patient from air embolism 

because the system spends time less than 2 second in detecting air bubble and sending alerted 
message to server. But time to receive the warning message is depended on speed of the internet 
network. Thus the alarm air bubble system will work exactly if speed of the internet network is 
increased. And the alarm air bubble system work separately from deliver fluids system into a 
patient's body, thus the alarm air bubble system do not disturb operation of any intravenous 
therapy and support nursing staff for more convenience on assisting the patient. Furthermore, 
using the alarm air bubble system can increase area of alerted air bubble in intravenous tube 
when compared with alerted by sound alarm, because the alarm air bubble system can be 
applied with infusion pump everywhere that can access the internet network.  
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Design and Implement of IoT-Based Electric Slide-Up Door 
Control System Using Raspberry Pi 3 Model B Case Study: 

Department Of Electrical Engineering RMUTL NAN 
 

Charnyut Karnjanapiboon1*, Aunnon Buasre1 and Pairoj Piyarungsan1  
ABSTRACT 

 
 The building of electrical engineering department at RMUTL NAN has a traditional electric slide-up door in the front of the building. The routine task of every official day, is that the users have to open the door at 7 : 3 0  am and close the door at 5 : 3 0  pm by using a key to access a door control box, then press a switch for commanding the door. The use of internet of thing (IoT) technology that is widely used in the world can bring the convenient way to the users. There are 8.4 billion embedded IoT devices around the world operated now. To take the advantages of IoT technology, this paper proposes a design and implementation of the internet of thing based electric slide-up door control system using Raspberry Pi 3  model B. The Raspberry Pi is a credit-card-size and low-cost system on chip microcomputer that was developed for children to learn a computer programming skill. Blynk is a free mobile phone software for android and ios system that is used for assisting the beginners to develop their first rapid prototype of IoT system with easy procedure. The users can control this prototype system by personal mobile phone using Blynk application or by a computer using web application. The experiment with the electric slide-up door has shown that after the users command the door up via Blynk application, the time when the door moves up from fully-closed to fully-opened takes10.58 seconds and after the users command the door down via Blynk application the time when the door moves down from fully-opened to fully-closed takes 8.73 seconds. 
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Introduction 
 

It is the fact that every building has a door for allowing people to access it or not. 
Currently, there is a remote control door that can be controlled remotely, mostly are electrical 
doors. While raining the users not wet because they do not need to walk in the rain to open the 
door. The door will lock itself when it's turn off so the user does not waste time for locking the 
door. The remote control door acts as a key in itself. Of course, the installation of remote doors, 
safety devices are also required, such as emergency backup power source, when the door is 
opened or closed. So, the motor can be used even if the power outage. The electric door system 
can be used manually if the users do not want to use the remote control. At present, there are 
many brands of the electric door seller are available in the market. Usually, the door was 
controlled using radio frequency (RF) remote control. The electric door package included one 
or two RF remote controls. For large buildings with more than two officer, a safety box must 
be built near the door in function to keep the RF remote control in as shown in Figure 1. To 
open the electric door, the user first unlocks the safety box and press the button of the RF remote 
to command the door to open or close. This routine is inconvenient to use. Nowadays, Internet 
technology is growing and online in almost every area in the world. 

To utilize the benefit of Internet and IoT technology with electrical doors. This article 
proposed Design And Implementation Of Internet Of Thing Based Electric Slide-Up Door 
Control System Using Raspberry Pi 3 Model B Case Study: Department Of Electrical 
Engineering RMUTL NAN. In order to demonstrate the ability of IoT technology that affected 
the modern lifestyle of human era. 

 
 

   
Figure 1 The RF-remote control box  

An Internet of Things (IoT) is a technology that discusses a thing has been connected to 
the internet (Jitphromma and Lyimpornjitvilai, n.d.). IoT has been proposed since 1999 by 
kelvin Ashton, MIT's Media Center. IoT connects to the Internet network to report the status of 
the device, an important data of the device, and send control commands for the device. IoT may 
have different names, such as Machine to Machine (M2M), Ubiquitous Computing, Embedded 
Computing, Smart Services or Industrial Internet. The key to creating an IoT system is an 
embedded system. This system is interfaced to a sensor and send data forward to the server in 
a cloud through the Internet network. By implementing embedded devices into things, the 
device will work as a genius. 

Home appliances use more embedded systems, enabling them to work on their own and 
can be integrated into a larger system. The connection between things is working 
systematically, making things work together over the Internet. The data transmission can be 
sent anywhere and anytime. It is an automated system that can be Person to thing P2T or thing 
to thing t2t IoT technology is an application and service on the high Economic value added 

The RF-remote control box 
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affair that grown considerably. IoT is a technology that the world needs to pay attention to the 
machine based on the intelligent system started from Machine to Machine M2M. The 
connection between the device and the device is a main important part of the IoT system. 

Examples benefit of IoT, the user is allowed to use the mobile devices to monitor the 
energy environment, to control their infrastructure at anywhere anytime. The cooperation 
between IoT developers and farmer can develop an IoT equipment that appropriates with the 
farming tasks. IoT equipment also providing a reliable data and leads to high accuracy decision 
making in the production process of the agriculture. 

In Smart City, The People will require more convenient service such as traveling with 
smart vehicles that need to be built with basic infrastructure to provide connectivity in a V2I 
(vehicle to infrastructure) protocol such as a signaling device and traffic information. The 
vehicle needs to communicate with each other in order to make it travel faster and safer. An 
intelligent city is involved many technologies, such as wireless communication and wire 
communication, internet technology, embedded system, Intelligent Wireless Networking 
Technology, Home automation, Office automation and Industrial automation. 

Components of IoT system are 1)Things, 2) Device controller, an input device, an output 
device, 3) the wireless internet connection or wired internet connection, 4) Data, 5) Database 
management System, Cloud Server. The thing in an IoT system can be anything that has an 
embedded system to connect the Internet. In modern IoT technology, the connection of the 
devices should be wireless communication. There are many operators offers a wide range of 
cloud server services, some of them charge and some of them free of charge.  

Blynk is one of the IoT platforms for smartphone and computer applications that make 
it easy to create the IoT system for a beginner (Tuhm-nahk, n.d.). The Blynk is connected to a 
remote device over the Internet network using smartphones, the developer does not need to 
provide anything whether it be a web server, a web page, a display and a control software. The 
website www.blynk.gcc is the work of a new generation of people who propose a project into 
Kick Starter. The founder is Pavel Baiborodin. Blynk first launched in May 2015. It provides 
the tools to develop the IoT system for the beginner. The Blynk application is compatible with 
all popular hardware including the Arduino board, ESP8266, ESP32, Raspberry Pi, Orange Pi 
and etc. The strength of Blynk is to provide a highly scalable cloud computer server to users. It 
also allows users to create their own Blynk server on a PC or Raspberry Pi that can store 
everything on your own computer. Internet of things for planting in smart farm hydroponics 
style (Pitakphongmetha et al., 2006) is an example of a research topic that uses Blynk 
application to monitor temperature and humidity and control relay for hydroponic systems. 

Raspberry Pi (Sirikarnchit-tavorn et al., n.d.), a single board microcomputer, was 
created under the concept that wants the kids to write programs with cheap tools. Eben Upton 
and his team at the Raspberry Pi Foundation are distributed to students in the computer science 
field at the University of Cambridge, UK, for learning and brainstorming aimed to help children 
get interested in programming. But it limited in the field of university education. Back in the 
year 2006, the first prototype of Raspberry Pi was implemented based on the Atmega644 
microcontroller. It was chipped by ATMEL, with the release of a schematic circuit and a PCB 
circuit board. With this approach, a team of academics and computer science experts in the field 
of software and hardware can be assembled to exchange information and learn from each other, 
leading to design with a new processor chip. Inspired by Acorn’s BBC Micro, the original ARM 
chip maker, the raspberry pi was named as ABC Computer because it wanted to convey that it 
was a startup computer that could be compared to the English textbook ABC. 

Then, Eben Upton produced a motherboard board that came out with the ARM 
processor chip as the USB Flash Drive size.  There is only one USB port and one HDMI port.  
He has to wait for 5 years until the end of August 2011. The Alpha version of the 50 prototype 
board was produced for testing and presentation to interested users. In the same year, Raspberry 
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Pi Model B in the beta version of 25 boards was tested again, this time with Linux operating 
system. It can play HD video with 1080p resolution. The whole world is turning the spotlights 
of the embedded system focused on Raspberry Pi. Raspberry Pi can do everything that 
computers can. But more flexible when used in embedded systems project. Because the 
mainboard is much smaller and has many GPIO ports for interfacing with another device. An 
internet access makes Raspberry Pi easy to send and receive signals to control its system 
efficiently. The user just has a basic programming knowledge. 

  Principles of system design  
In the proposed systems, there are two main controllers. The first controller is an RF 

Door Controller and Motor Drive System. It receives a door command signal from RF remote 
controller and push-button switch then supplied the electrical power to the motor of the Electric 
door. Another controller is Raspberry Pi 3 Model B function as the main IoT controller. This 
controller connects to the internet network in order to receive the user command and 
communicated a data to the user via the internet network. This two controller is linked together 
by an electrical interfacing circuit. The interfacing circuit consists of three 330 ohm resistors 
act as a Current limit for the Light emitting diode in optocoupler and three optocoupler act as 
the electrical isolating circuit between two controllers. There are three acts of the push button 
switches for commanded the door: UP, STOP and DOWN command. The diagram of the 
proposed Internet of Thing Based Electric Slide-Up Door Control System is shown in Figure 2. 
The wiring diagram is shown in Figure 3. In an RF Door Controller and Motor Drive System: 
a switch S1 function as a UP command, a switch S2 function as a STOP command and a switch 
S3 function as a DOWN command. 

 

U1

U2

U3
R3

R2

R1

S1

S2

S3

RF door controller and 
motor drive system Slide-up electric door

UP

STOP

DOWN

  
Figure 2 The diagram of the proposed slide-up electric door control system  
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R2

R1
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S2

S3

UP
STOP
DOWN

RF door controller and 
motor drive system

Sl ide-up electric door

  
Figure 3 The wiring diagram of the proposed slide-up electric door control system  

System operation principle  
 

The operation principle of this proposed system can be described as follow: the user 
login to Blynk application on iOS or Android system as shown in Figure 4(a) then create the 
“Front door” project act as a user interfaces for the user as shown in Figure 4(b). The user 
interface consists of three button command: UP, STOP and DOWN. When the user wants to 
open the door, the user presses the UP button. When the user wants to stop the door, the user 
presses the STOP button. When the user wants to close the door, the user presses the DOWN 
button. The communication software between Blynk application and Raspberry Pi is shown in 
Figure 5. The user interface of Blynk application in this article is present only ios system. On 
the other hand, for android system, the 95 percent of the procedure is similar to ios system. The 
protocol TCP/IP is a communication channel between Blynk application and Raspberry Pi. 

 

      
(a)                                        (b) 

 
Figure 4 Blynk login page and Blynk project page. 
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Figure 5 the Node.js source code for Raspberry Pi  

 Experimental Results  
 

The backside view of traditional electric slide-up door control system is shown in Figure 
6(a). The control box of the RF door controller and motor drive system is installed at the right 
side of the door. The detail the RF door controller and motor drive system is shown in Figure 
6(b). The inside detail the RF door controller with a modified circuit using Raspberry Pi 3 is 
shown in Figure 6(c). 

 

                         
(a)  (b)  (c) 

 
Figure 6 The inside detail the RF door controller with a modified circuit using Raspberry Pi 3 

 
After the Raspberry Pi single board computer receive the command data from the user 

By Blynk application, the Raspberry Pi send the digital logic to appropriate the command type 
of the user to the RF door controller and motor drive system in order to slide the electric door 
up, to slide the electric door down or stop moving the door. To experimental with the door, first, 
command the door to fully-closed as shown in Figure 7(a). Second command the door to move 
up. The half-opened door is shown in Figure 7(b). The fully-opened door is shown in Figure 
7(c). it was found that the time that the door moves up from fully-closed to fully-opened is 
taken 10.58 seconds (six samples 10.83, 10.62, 10.53, 10.43, 10.42 and 10.65 seconds) and the 
time that the door moves down from fully-opened to fully-closed is take 8.73 seconds (six 
samples 8.52, 9.15, 8.78, 8.54, 8.72 and 8.64 seconds). 

The Control Box of the 
RF Door Controller and 
Motor Drive System. 

Electric Slide-Up Door 

Inside Control Box. 
Raspberry Pi 
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     (a)  (b)  (c) 
 
Figure 7 the position of the electric slide-up door while operated 

 Conclusion  
 

The Internet of Thing Based Electric Slide-Up Door Control System Using Raspberry 
Pi 3 Model B shows a good performance. It serves a convenient way to opened or closed the 
door for the user with response time less than 100 ms. The Raspberry Pi using in this article is 
used to demonstrate the ability of IoT system that effect to a modern lifestyle of the people. But 
there are many Iot chips that cheaper than Raspberry Pi such as ESP32, ESP8266, and Arduino 
Wifi module. In the future work, a different platform must be studied in order to provide a broad 
solution for the smart IoT system. The cost of the proposed system is approximately 1,800 baht.  
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Development and Performance Evaluation of a Cassava Digger 
Namely Fork Shear Blade Type 
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ABSTRACT 
 

 The study designed and tested a digging unit for collecting data for the design of a 
cassava harvester that is suitable for Thai farms. The development of a cassava digger was 
suitable for a 36 hp tractor for continuous working. After designed, the cassava digging unit 
was functional tested on fork shear blade type at three different digging angles of 20o, 25o and 
30o and three different speeds of 1.3, 1.9 and 2.6 km/h respectively. After modifying the cassava 
digging unit prototype, the field performance test of the prototype machine was evaluated. The 
scope of testing was improvement, mainly to reduce draft force, fuel consumption, and 
harvesting loss to increase harvesting capacity and field efficiency. The main features in the 
proposed design is it Fork shear blade (55 cm) which can be adjustable in length and angle of 
the blade for versatile use in vivid planted areas. The results indicated that the best digging 
efficiency was obtained when digging with 20 degree digging angles of the blade and the speeds 
of 1.9 km/h (gears Low-3). The results showed that the capacity was 0.22 ha/hr, fuel 
consumption per hectare was 25.37 L/ha, field efficiency was 87.18% and a cassava loss in soil 
was around 7.11%. This loss is fairly low as compared to the other existing designs. This 
developed cassava digger is accepted by private sector for its commercial production.  
Keywords: Cassava, Cassava digger, Harvesting, Fork shear blade type, Thailand                  
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Introduction  
Cassava was originated in the tropical areas of America, particularly in South America. 

Mexico, Peru, Guatemala and Honduras are regions where cassava was found before three to 
five thousand years back, and then the plant was circulated across America and elsewhere. The 
transport of cassava to the African content was accomplished by the slave brokers and 
Portuguese in the 1 5 th period (TTSA, 2004). Between 2 0 0 6  and 2 0 1 0 , the world's cassava 
output grew 1 . 9 3 %  per year because producing countries Congo, Mozambique, Ghana, 
Vietnam and Indonesia expanded to increase production to meet consumer demand and the 
increasing demand for renewable energy production. Cassava is considered as a highly 
economic crop for a country like Thailand. It is used basically as raw material for several 
industries.  It is also used for two purposes, firstly as energy crop for ethanol production which 
is needed for gasohol production, and secondly as substitute for Methyl Tertiary Butyl Ether 
(MTBE) in bio diesel production. (Kongsawat, 2004). Thailand is a major world exporter of 
cassava worth 2  billion USD (6 5  billion THB) per year. It is the fourth largest cassava maker 
after Nigeria, Brazil and Indonesia. In Thailand, the planted area for cassava is 7,905,056 rai 
which is the fourth largest area after rice, maize and rubber with a total production of 30 million 
tons (FAO, 2014). The total area used for cassava cultivation is 1.34 million hectares, which is 
5% of the total area used for cultivation (FAO, 2016). Thailand uses about 50% of cassava root 
production, around 18 million tons in 2006, to extract about two million tons of starch. Half of 
this is destined for the domestic food market and supplied to industries, while the rest is 
exported in the form of a higher-value modified starch (FAO, 2006). Cassava can also be 
processed into pellets and chips. Furthermore, the price of cassava is guaranteed by the Thai 
Government, which is also encouraging farmers to increase land used to cultivate the root and 
switch from other crops to cassava. 

In Thailand, there are two common harvesting practice patterns: a) mostly using human 
labor with simple tools; and b) using of cassava digger attached to a tractor and then processed 
by human labor (Chamsing, 2012).  However, the rate of harvesting shows that about 3 7 %  of 
the labor cost and 1 0 %  of the harvesting cost could be saved by using the second pattern. 
Currently, labor shortage is a major constraint for cassava production in Thailand, especially 
for harvesting. Because of the growing economy, and in particular industrial growth, there has 
been a shift of labor from the agricultural sector to the industrial sector, influenced by more 
comfortable working conditions, as well as higher wages.  
 Harvesting cost is the largest contributor to cassava production cost due to the high labor requirement and labor shortage problems (Jarernrat et al., 2007) Like other important economic crops of the country, except for rice where rice combine harvester is available and popularly used (Chamsing, 2007), cassava do not yet enjoy luxury of adequate mechanization. Despite several designs of cassava diggers have been developed since over 30 years, yet at present, cassava diggers are not popularly used as expected. However, researchers continuously attempted to bring about necessary modifications in existing designs (Mongkol tanatas et al., 1992; Mongkol and Chamsing, 2007). Lacks of adequate cooperation among cassava producers, farmers, researchers and extension officers as well as technical complexity of cassava digger itself are possible the prime causes of current challenge. Therefore, in this research, to lower the harvest cost and address the labor shortage problems in cassava production, study on the current situation and resulting development of a suitable cassava digger to address current problems was felt necessary.      
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Materials and Methods 
 The methodology used to achieve the objectives of this research is detailed in this topic.  
Conceptual framework 

The conceptual framework is present by schematic show in Figure 1. 

  
Figure 1 Schematic block diagram of the conceptual framework. 

 
Study current harvesting methods and some physical properties of cassava 
 

This study will collect necessary data for develop and evaluate a cassava harvester 
suitable for Thai farms and designing the various components of prototype. Sufficient in 
formation of harvesting conditions will obtain from previous research. Burirum province is the 
larger area of planting cassava was selected for field survey and testing. Issues in the study of 
current situation of cassava harvesting and use of existing available cassava diggers included 
the problem, constraints and farmer’s perceptions.  
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Soil properties measured 
 

While conducting research, it is very important to characterize the soil in the 
experimental field. So in order to be specific in the characterization of soil, the following soil 
properties will be measured. The resistance of soil is the ones effect of lifting force for cassava 
root, so measurement of soil properties around the root is a key factor in this research study. 
Some of the soil properties will be measured in laboratory prior to the field experiments while 
other soil properties will be measure during the field experiments. The experiments were 
conducted in the field at Buriram province, Thailand. Table 1  shows the properties of the soil 
at the test site. 
 
Table 1 Soil properties measured before the experiments at Buriram province 

Item Detail 
1) Type of soil Buriram sandy loam 

rad color and have 
contaminated gravel 

2) Mean soil clod dimension 1.35 mm 
3) Soil moisture content 16.16 %wb 
4) Bulk density of soil 1.22 g/cm3 
5) Consistency limits 

Plastic limit (w.b.) 
Liquid limit (w.b.) 
Plasticity Index (Ip) 

 
42.20% 
86.2% 
44.06 

6) Penetrometer profile and cone index (15 places) 
 at 50 mm 

at 100 mm 
at 150 mm 
at 200 mm 
at 250 mm 
at 300 mm 

0.53 MPa 
0.90 MPa 
1.09 MPa 
2.24 MPa 
2.58 MPa 
3.70 MPa 

 
Design and Fabrication of the Prototype 
 
 A much-reported constraint of cassava harvesting by using a cassava digger attached to 
a 50 hp tractor of larger is its limitation in continuous operation and the tractor is too large. 
Main reason for this limitation is because the cassava roots that were dug in previous pass are 
pressed by tractor wheel in the following pass – causing to increase damage and yield losses. 
As a current practice, a number of laborers are required to wait along the digging rows to collect 
the dug root out immediately after digging before continue with the next row. Retain link 
operation; harvesting loss and high fuel consumption are thus very commonly reported 
problems in the current situation.  
 To develop and evaluate a cassava digger attached to 36 hp tractors a testing unit was 
developed for examining related components including Fork shear blade (size and blade angle). 
Harvesting loss, produce damage, fuel consumption and field capacity were among the major 
assessment indicators. 
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Experiment Parameter 
 

The prototype of the digging unit was used to study the performance on a cassava field 
in the Northeast of Thailand (Buriram province). Three different blade angles (20 o, 2 5 o and 
3 0 o) were used at three different tractor speeds (low-2 , low-3 , and high-1 )  ( Fig. 2) . The 
dynamometer was used to measure the draft force requirement. The soil condition was 
measured.  A comparison between treatment means were done by least significant difference 
(LSD) at P<0 . 0 5 .  The relationships between dependent and independent variables were 
considered by simple linear regression and/or non-linear regression 

 

  
Figure 2 Experimental designs for digging unit 

 
 Results and Discussions  

 
Current status of cassava harvesting and use of cassava digger 
 
 Recommended age of cassava harvesting is 8-14 months; survey revealed that in the 
study area harvesting in range of 10-12 months is commonly practiced. Usually cassava 
harvesting in Thailand is done throughout the year. Over 10% of cassava in a year was harvested 
during November to March of the next year (OAE, 2010). 
 
Harvesting system:   
 
a) Manual harvesting: In Thailand cassava is ready for harvest starting from 8 to 12 MAP. The 
method of harvesting by small scale farmers in Thailand using specific hand tools are shown in 
Figure 3 (Klanarong and Kuakoon, 2007).  
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  Figure 3 Procedural steps of harvesting cassava by small-scale Thai farmers using locally  
                 made hand tool called-Mac hoe (Klanarong, 2007) 
 

There are four steps in harvesting. The first step is to cut stem before harvesting; 
cassava stems are both cut and collected for using as stock for the next crop planting (Fig. 
4), or some farmers just remove it from field (Sirikun, 2009). Second step is digging or 
pulling cassava root from the soil; using a cassava lifter indigenously developed by Thai 
farmers that is known as “Mac hoe” (Fig. 5) (Mongkol et al., 2007). Third, collect and 
cutting cassava root from the stem, and eventually carrying it to truck for transportation and 
sale (Fig.6) (Wongpichet et al., 2003). 

 

  Figure 4 Thai farmers: a) cutting, and b)collecting cassava stems before root harvesting  
                   (Sirikun, 2009) 

 

 Figure 5 An indigenously developed Cassava lifter by Thai farmers (Mac hoe). 
                         (Mongkol et al., 2007) 
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Figure 6 Activities done after digging cassava root (Wongpichet et al., 2003). 

 
 b) Tractor-mouthed cassava digger: Mechanical harvesting of cassava involves the use of a 
harvesting implement integrally hitched to a prime mover, usually tractor, to uproot the cassava 
roots. However, manual effort is still required after the uprooting has been completed to collect 
and separate the cassava root from stem. The field is also required to be in good condition for 
an optimum mechanical cassava harvesting operation such as: a) a field free from hidden 
obstructions (rocks, roots, stumps etc. down to 40 cm deep) of sizes that can interfere with 
lifting the root; b) having good weed control as weeds block the lifters; and c) cutting down 
(coppicing) the cassava plant to a stalk height of about 30 cm prior to harvesting (USDA and 
NRCS, 2003). 

 Presently, majority of large-scale cassava farmers in Thailand employ tractor-mounted 
cassava digger. Ironically, harvesting cost constitutes the largest share in cassava production 
due to the high labor requirement and high wages especially during months of labor shortage 
(Jarernrat et al., 2007). Given the importance of mechanization in cassava production, cassava 
diggers have been developed since over 30 years. Figure 7 shows the cassava diggers that are 
available in Thailand, and Table 2 compares the salient features of tractor-mounted cassava 
diggers available in Thailand. Based on the shear blade used, the existing cassava diggers can 
be broadly grouped as fork shear blade type and curve shear blade type (Chamsing et al., 2012). 

 
 

  

    a. Fork shear blade type 
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b. Curve shear blade type 

Figure 7 Type of cassava diggers available in Thailand (Chamsing et al., 2012). 
 

The fork shear blade type is popularly used at Sakeaw, Prajin Buri and 
Chachoengsao and Buriram provinces. Both turning and non-turning (only lift up) soil with 
cassava root types are available during dinging operation (Fig. 8) In case of turning type, 
two designs are available namely, turning both left and right sides, and only one side of the 
digging bottom (Fig. 9). The former type (both sides turning) may cause problems of unable 
to continuous working, especially when attached to medium and large size of tractors. This 
is due to wheel pressing on dug cassava root that causes to increase damage and harvesting 
loss as well as requires additional labor to collect and move out cassava root from the 
previously dug row. Although cassava diggers are commercial produced and accepted for 
use by some farmers, some modification/adjustment after buying still needed. Moreover, 
results showed that by fabrication structure and working operation trend to require high draft 
force, difficult for depth control and may cause damage to hydraulic system of tractor. Over 
turning of soil and cassava root also caused high harvesting loss and labor requirement. 
Therefore, improvement over existing designs was required. 

 
 
 

  (a) (b) 
Figure 8 Harvesting by (a) turning type cassava digger and (b) by non-turning type 
               (Chamsing et al., 2012 

  



Proceedings of the 9th Rajamangala University of Technology International Conference   69  

 
RMUT Driving Innovation for Thailand 4.0  

  (a) (b) 
Figure 9 Turning soil and cassava root for (a) both sides and (b) turning only one side 
               (Chamsing et al.,2012) 

  
Table 2 Comparison of tractor-mounted cassava diggers available in the Thai market 

Type Popular Use In Advantage Disadvantage 
Fork shear 
blade 

Rayong and 
Prachinburi  

- Do not turn over the soil 
- Can keep the root for 2-3 
day  
- Tractor not breaking the 
root for next row 
- Can work in the hard soil 

- More cassava loss 
in the soil 
- Working width to 
small 
- Need more power  
 

Curve shear 
blade  

Nakhonratchasima, 
Kampkaengphet, 
Nakhonpathom, 
Ralchaburi and 
Kanchanaburi, etc. 

- Easy to maintenances 
- Easy to collect the 
cassava root  
- Not much about the 
cassava loss in the soil 
- Can use in every soil and 
small tractor  

- Tractor breaking 
the root for next row 
- More breaking loss 
- Need more labor to 
collect the root 
 

Source: Field survey from Chamsing et al. (2012) 
 
.  
 

Table 3 Man-hour requirement of traditional harvesting method 
Item Man-hour requirement 

Grading quality of stem, man-h/ha 
Number of operator 
Man-hour requirement 

a) Stem cutting, man-h/ha 
b) Stem collecting, man-h/ha 
c) Storage, man-h/ha 

Total process, man-h/ha 

0.0 
1 
 

36.75 
8.75 
4.88 
50.33 

Sources: Sirikun, (2009) 
 

From Table 3 show the efficiency of the manual cutting stem harvesting method. The 
capacity of manual harvesting was 0.16 ha/man-day, or the man-hour requirement was 50.33 
man-h/ha. 
 



Proceedings of the 9th Rajamangala University of Technology International Conference   70  

 
RMUT Driving Innovation for Thailand 4.0  

 
Research and development a cassava digger  
 
Fabrication of testing unit and primary test: The digging unit is design to meet the current 
cassava root harvesting practices. Before designing the cassava unit, the type and problem of 
cassava digger that is available to sell in the market has to be studied. In this study, fork shear 
blade type (Figure 10a) is used. All this information will be used for analysis of the problem 
and to guide the design and development of the prototype of cassava root digging unit. The 
knowledge and technology used for fabrication of digging unit is simple so that the local 
workshops can manufacture it without difficulty. The prototype of the digging unit is shown in 
Figure 10b. A cassava digging in from of testing unit was developed to study the important 
factors. It was able to adjust and replace of some component (blade and angle of the blade, 
distant between bottom set to tractor and adjustable of cross beam). The results show that the 
testing unit was capable to work continuously. However, size of main structure need to be 
increased.  
 

  
a) Fork shear blade type b) Prototype of Fork shear blade type 

  
Figure 10 The prototype of cassava digger 

 
Effect of type and angle of the blade on draught force: The draft requirement of the cassava 
digger at Fork shear blade type with different angles was determined in the field. The drafts of 
digger with different angles at the same traveling speeds of 1.3 km/hr are presented in Table 4. 
The results indicate that the draft of the whole digger increased rapidly with increasing blade 
angle at a given speed. The average drafts of the digger with fork shear blade type it was 5.56 
to 9.88 kN/row. So, the blade angle at 20o was select. 

 
Table 4 Average draft requirement and wheel slip at the same traveling speeds of 1.3 km/hr 

Angle of blade Draft per unit width 
(kN/row) 

Wheel slip 
(%) 

20o 5.56±0.71 7.50±0.37 
25o 6.70±0.47 8.80±0.31 
30o 9.88±0.28 9.48±0.53 

(Mean± standard deviation, n=5) 
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After obtaining the results of draft requirement of cassava digger, the Equations 1 was 
calculate Drawbar Power (kW) and the Equations 2 was calculate Brake Horse Power (kW) 

 
Draught Force (kN) x Average Speed (m/s)                                                             (1) 

  
Drawbar Power (kW) / 0.19                                                              (2) 

 
Table 5 Average power requirement for digging at Buriram province  

Type Speed (m/s) Drawbar 
Power (kW) 

Brake Hp 
(kW) 

Hp 

Fork 
1.3 2.22±0.36 11.70±1.87 10.39±1.66 
1.9 4.11±0.35 21.65±1.84 19.22±1.63 
2.6 7.88±0.36 41.46±1.91 36.80±1.69 

(Mean± standard deviation, n=5) 
Table 5 shows the drawbar power, brake horse power and horse power at different 

traveling speeds (1.3, 1.9 and 2.6 km/h) observed for cassava digger. The results for fork shear 
blade type show the average drawbar power ranges from 2.22 to 7.88 kW, brake horse power 
from 11.70 to 41.46 kW and horse power from 10.37 to 36.80 hp. Therefore, the 36 hp of tractor 
available to use in this test   

 
Field performance evaluation of digger: The designed cassava digger was evaluated for its 
performance on indicators, such as: working width, depth of digging, actual travelling speed, 
fuel consumption per hectare, field capacity, field efficiency and cassava losses in the soil. The 
three different gears of tractor - Low-2 (1.3 km/h), Low-3 (1.9 km/h) and High-1 (2.6 km/h) - 
were used in this study. The blade angle was selected at 20 deg and the engine speed was 1200 
rpm. 

The results shown in Tables 6 and 7 indicate that the type of the digging blade was the 
most significant factor affecting digging depth, field efficiency, and cassava losses in the soil, 
but had little effect on fuel consumption. The operating speeds significantly affected the fuel 
consumption and field capacity, but had little effect on digging depth and field efficiency. The 
test results revealed that the performance of the digger depended on the type of the digging 
blade and traveling speed.   

This study showed that the Fork shear type blade with gear L3 had the highest field 
efficiency and the least cassava losses in the soil and fuel consumption per hectare. Therefore, 
the Fork shear type blade with gear L3 is deemed suitable for this area. Figure 11 and 12 shows 
the cassava digger testing in the field. The operating depth was about 30 cm.   
 
Table 6 Performance evaluation for cassava digger testing at Buriram province 

Item Digger type 
FL2 FL3 FH1 

a) Working width, m 0.80 0.80 0.80 
b) Depth of digger, m 0.28 0.28 0.27 
c) Actual travelling speed, km/h 1.30 1.90 2.60 
d) Fuel consumption per hectare, L/ha 25.36 25.32 26.67 
e) Field capacity, ha/h 0.18 0.22 0.24 
f) Field efficiency, % 85.55 87.18 84.20 
g) Cassava losses in soil  % 7.32 7.11 7.21 

(FL2 = Fork shear blade type with gear low – 2, FL2 = Fork shear blade type with gear low – 
3, FH1 = Fork shear blade type with gear high – 1, n = 9) 
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Table 7 Summary of ANOVA results for the field performance of digger 

Source of variable 
P-value  

Digging 
depth 

Fuel 
consumption 

Field 
capacity 

Field 
efficiency 

Cassava 
losses 

Type of blade (A) 0.000 0.020 0.095 0.000 0.000 
Operating speeds 
(B) 

0.001 0.000 0.000 0.001 0.038 
Interaction (A*B) 0.383 0.586 0.139 0.785 0.040 

 
The results shown in Tables 4 showed that the fork shear blade type with gears Low-3 

had the highest field efficiency and least cassava losses in the soil and fuel consumption per 
hectare. Therefore, the fork shear blade type with gears L3 is suitable for this area. 

 
 

  Figure 11 The 30 cm height of the soil Figure 12 The cassava root after  
                 digging 

 Conclusions  
  
 Literature review and primary field survey showed that four harvesting operations are 
commonly practiced: a) stem cutting before harvesting; b) digging or pulling cassava root from 
the soil; c) collecting and cutting of cassava root from the stem; and d) carrying to truck for 
transporting and sale. Two harvesting patterns were categorized, which are a) employing 
laborers for all harvesting operations, and b) using cassava digger attached to tractor combined 
with employing laborers after digging operation. About 37% of labor requirement and 10% of 
harvesting cost were saved by using of the latter pattern. The existing cassava diggers used in 
Thailand had various types and sizes depending on geographical planted areas, socio economic 
characteristics and tractor size (50-70 hp). However, existing cassava digger designs still 
required to reduce draft, fuel consumption, wearing of tractor and harvesting loss. A new design 
of cassava digger capable of continuous working was developed. The main features were Fork 
type blade with adjustable, and angle of the blade for versatile use in wide soil condition. 

The results indicate that the 36 hp of tractor can used and the best digging efficiency 
was obtained when testing on 20 degree digging angles of the blade and the speeds of tractor 
around 1.9 km/hr (gears Low-3). The information shows that the capacity was 0.22 ha/h, Fuel 
consumption per hectare was 25.37 L/ha, field efficiency was 87.18% and a cassava loss in soil 
around 7.11%. This loss is fairly low as compared to the other existing designs. This developed 
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cassava digger is accepted by private sector for its commercial production. However, the 
prototype needs to be testing in different area for approve the performance of machine.  
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Application of Design of Experiment (DOE) for Aluminum Wheel 
of Single Pulley Performance for Transmission Line 

 
Bussakorn Hammachukiattikul1* and Sanga Kongkaew 2 

 ABSTRACT 
 

The single pulley is one of the major pieces of equipment used in the installation of transmission lines that are connected with towers. To carry out the structural analysis; therefore, the aluminum wheel is considered as the external forces acting on the groove inside wheel for structural analysis of the aluminum wheel is performed for carrying conductor. By this simulation is an effective to aluminum wheel; consequently, statistics principles combined with a simulation model were able to significantly reduce the von Mises stress. The distribution of stress in the aluminum wheel was also obtained. In this study, modeling design, analysis and mathematical model of aluminum wheel were carried out based on a design using Finite Element Analysis. Furthermore, Solidworks has been used for modeling, and Solidworks Simulations has been used for obtaining analysis results. We estimated 80 kN as the working load capacity to be gradually applied.  Eventually, we observed the von Mises stresses that developed were less than the yield strength. For these results, von Mises stresses were compared with DOE’s array for specific results. The design of experiments will be obtained through mathematical model and the integration of system Solidworks Simulation with Minitab solved. The simulation results proved the validation and effectiveness of the presented modeling approach for simulation of Minitab as well. Thus, the geometry which will obtain at the end of the simulation and the dimension will be considered and the prototype will be manufactured. Finally, Actual testing has been done by applying the load 80 kN to the wheel of single pulley. The aluminum wheel was assembled with a tool called dynamometer on the upper part by using rope to hook around the aluminum wheel for 180° while the lower part, the eye bolt was connected by the top of the experiment table base.  
Keyword: CAD method, Aluminum wheel, Finite element analysis, Stress analysis, Design 
of experiment 
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Introduction 
  Pulleys are simple machines in the form of a wheel mounted on a fixed axis and supported by a frame. The wheel, or disk, is normally grooved to accommodate a rope. The wheel is sometimes referred as a “sheave” (sometimes “sheaf”). The frame that supports the wheel is called a block. A block and tackle consist of a pair of blocks. Each block contains one or more pulleys and a rope connecting the pulley(s) of each block. Single Fixed Pulley A single fixed pulley is really the first-class lever with equal arms. The arm from point “R” to point “F” is equal to the arm from point “F” to point “E” (both distances being equal to the radius of the pulley). When the first-class lever has equal arms.  Thus, the force of the pull on the rope must be equal to the weight of the object being lifted. The only advantage of a single fixed pulley is to change the direction of the force, or pull on the rope.  Different types of pulley systems:  A. Fixed  A fixed pulley has an axle mounted in bearings attached to a supporting structure. A fixed pulley changes the direction of the force on a rope or a belt that moves along its circumference. Mechanical advantage is gained by combining a fixed pulley with a movable pulley or another fixed pulley of a different diameter.   B. Movable  A movable pulley has an axle in a movable block. A single movable pulley is supported by two parts of the same rope and has a mechanical advantage of two.   C. Compound  A combination of fixed and movable pulleys forms a block and tackle. A block and tackle can have several pulleys.  
Modeling of Single Pulley Block 
 
2.1 Geometric Dimension of Single Pulley Block 
 
 Engineering drawings of parts and assemblies were created in Solidworks. These 
drawings were fully associative with 3D solid models. All components of a single pulley 
block are shown in Figure 1.  
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Figure 1 Single Pulley Block 

 
 
An aluminum wheel was simulated by Solidworks Simulations as shown in Figure 2. 
 

 Figure 2 Aluminum Wheel 
 

2.2 Analysis of Design of Experiments 
 
 The factors levels key parameter input variable (KPIV) have been defined in the 
design of experiment. Seven design factors were defined: R1, R2, R3, R4, R5, D1 and D2. 
The 2 levels were Min and Max, as shown in Table 1, for solving the mathematical model. 
Consequently, DOE’s Minitab has generated a simulation with 128 scenarios. 
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Figure 3 Aluminum Wheel, Front and Right Views 

 
Table 1 Factors levels key parameter input variable for design of experiments 

 
 
 
 
 
 

3. 

Numerical Procedures 
 
 Here is a reminder of the main steps involved in the FEA of structural problems. It 
shows the estimated proportions of time and effort that are spent in the various phases of 
preprocessing, solution and post processing.  
 

 
Preprocessing  
- Define the geometric domain of the problem. 
- Define the element type. 
- Define the material properties of elements. 
- Define the geometric properties of the elements. 
- Define the element connectivity. 
- Define the physical constraints. 
- Define the loading. 
Solution  
- Compute the unknown values of primary field variables. 
Post processing 
Postprocessor software contains sophisticated routines used for sorting, printing, and plotting 
selected results from a finite element solution. 

Parameter Constraint Unit MIN MAX 
D1 mm 10 20 
R1 mm 97.5 107.5 
R2   mm 20 30 
D2   mm 10 20 
R3   mm 30 40 
R4   mm 70 80 
R5   mm 10 20 

  Preprocessing Phase Solution Phase  Post processing 
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The statics analysis for the aluminum wheel was executed by Solidworks Simulation. For Case 
Studies 1 and 2, the Von Mises stress was analyzed after simulations. 
 3.1 Material properties: Aluminum wheel was 7075, Modulus of Elasticity was 7200 
MPa, Tensile Strength was 570 MPa and Yield Strength was 505 MPa. 
 3.2 Fixtures: All translational and all rotational degrees of freedom were restrained at 
bearing positions as shown in Figure 4. 
 

  
Figure 4 Fixture support in bearing 

 
 3.3 External loads: Apply load was 80 kN to aluminum wheel in vertical direction as 
two case studies shown in Figure 5. Case Study 1 was to apply load to aluminum wheel at the 
center rib and Case Study 2 was to apply load to aluminum wheel at middle between rib to 
rib. 

                                    
               Case Study 1 Case Study 2 

 
Figure 5 External load 80 kN 

      
 3.4 Meshing method: Meshing density is carried out generally based on the fineness of 
the mesh.  The tester selected the mesh parameters to make them fit the curvature-based mesh 
as shown in Figure 6. 
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Figure 6 Meshing method 

 
 3.5 Meshed aluminum wheel model: The solid model’s mesh consisted of 62,519 
elements and 109,252 nodes as shown in Figure 7. 
 

 Figure 7 Meshed aluminum wheel model 
 

 3.6 Result option: von Mises stresses  
 Testing Method 
 The single pulley was put in straight position, one suitable rope was wound around the 
aluminum wheel for 180° and it was connected with the rope eyes to the table base. 
  

   
 

          Figure 8 External load 
 

External load 80 kN 
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 The value to be reached, 80 kN, was the designed working load. A small pull on the 
crane was given to check whether one rope was balanced and the frame was not tilted. The 
requested pull valve operation on the crane was reached very softly and pulling speed was 
lower than 2000 N/sec. As soon as the value of 80 kN was reached, measured by reading the 
load at the dynamometer, the lift was stopped and the pull was continued for three minutes.  
 Results and Discussion 
 
5.1 Numerical Results 
 The problem solved linear static structural solution for two case studies of results for 
an aluminum wheel are shown in Figures 9-10 (Case Study 1) and Figures 11-12 (Case Study 
2).    
 5.1.1 Case Study 1: von Mises stress 
 

  
Figure 9 von Mises stress Case Study 1, Front View 

  
Figure 10 von Mises stress Case Study 1, Right View 

 
 The results from Figures 9 and 10 suggest that there is a maximum von Mises stress in 
the center rib. From 128 scenarios, Case Study 1 found that the minimum von Mises stress was 
216.55 MPa, based on the parameters shown in Table 2. 
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 5.2.2 Case Study 2: von Mises stress  
 

  
Figure 11 von Mises stress Case Study 2, Front View 

 

  
Figure 12 von Mises stress Case Study 2, Right View 

 
 The results from Figures 11 and 12 suggest that there is a maximum von Misses stress 
beside the ribs. From 128 scenarios, Case Study 2 found that the minimum von Mises stress 
was 323.52 MPa based on the parameters shown in Table 2. 
 
Table 2 The proposed solution methods of 128 scenarios showing von Mises stress 

 
5.2 Results of Analysis Design of Experiments 

Experiment results were analyzed by Minitab Release and showed significant findings 
as shown in Figure 13. 

 

Case Study D1    R1 R2 D2 R3 R4 R5 von Mises stress (MPa) 
Case Study 1 20 107.5 30 20 40 80 20 216.55 
Case Study 2 20 107.5 30 20 30 70 20 323.52 
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Figure 13 Residual Plot for Stress Data. 

Consideration of the residual pattern, shown on Figure13, found that distribution was 
along a straight line. Residual data with normal distribution and residual plot with order of 
experiment found that the graph did not have a trend. Hence, the experiment was independent, 
correct and reliable. 
 
Table 3 Analysis of Variance for Case Study 2 

Source DF Adj SS Adj MS F-Value P-Value 
Model 11 310910 28265 241.30 0.000 
  Linear 5 299551 59910 511.46 0.000 
    D1 1 222319 222319 1897.95 0.000 
    R1 1 1218 1218 10.40 0.002 
    D2 1 69924 69924 596.95 0.000 
    R4 1 4196 4196 35.82 0.000 
    R5 1 1894 1894 16.17 0.000 
  2-Way Interactions 6 11359 1893 16.16 0.000 
    D1*R1 1 988 988 8.43 0.004 
    D1*D2 1 7271 7271 62.07 0.000 
    D1*R4 1 1243 1243 10.61 0.001 
    R1*D2 1 482 482 4.12 0.045 
    D2*R4 1 767 767 6.55 0.012 
    D2*R5 1 608 608 5.19 0.025 
Error 116 13588 117       
Total 127 324498          

 
The analysis results showed that seven factors and cofactors influenced the response 

variable at the significance level of 0.05. 
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Table 4 Model Summary  
R-sq R-sq(adj) R-sq(pred)  
95.81% 95.42% 94.90% 

 
Consider decision coefficient value (R-sq and R-sq(adj)) measure equation that 

suitable data. Results found that R-sq(adj) as 95.81%  showed regression equation is a good 
suitable for data. 

Therefore, suitable model for this research could show regression model. This model 
is the relationship between factor that have effects on stress follow as 
  
von Mises stress = 1124 - 33.59 D1-1.119 R1 - 9.89 D2-4.484 R4-
2.077 R5+ 0.1111 D1*R1+ 0.3015 D1*D2+ 0.1246 D1*R4 - 0.0776 R1*D2+ 0.0979 D2*R4 
+ 0.0872 D2*R5 
5.3 Actual testing 
  The conditions were to apply an 80 kN working load to the aluminum wheel, and then 
to check the geometry of the aluminum wheel. After applying the load, we found that the 
model is strong enough as shown in Figure 14. 
 

                                                          
                                                       Figure 14 Actual testing Conclusion 
 
 This project has aimed to design and analyze the aluminum wheel, which happens to 
be the main part of a single pulley in installations for the erection of transmission line. 
Observation of the analysis results of two case studies showed the Von Mises stress to be less 
than the yield strength. The result indicated that from total 128 scenarios, Case Study 1 got a 
minimum value at 216.55 MPa. of the von Mises stress. The value is from factors - D1: 20 
mm, R1: 107.5 mm, R2: 30 mm, D2: 20 mm, R3: 40 mm, R4: 80 mm and R5: 20 mm. From 
total 128 scenarios, Case Study 2 got a minimum value at 323.52 MPa of the von Misses 
stress. The value is from factors - D1: 20 mm, R1: 107.5 mm, R2: 30 mm, D2: 20 mm, R3: 30 
mm, R4: 70 mm and R5: 20 mm. From the simulations results, Case Study 2 got higher value 
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of von Misses stress than Case Study 1. von Mises stress value is related to Factors of Safety 
(FoS). Case Study 2’s load capacity is lower than Case Study 1. Therefore, the study showed 
that Case Study 2 has greater critical points than Case Study 1.Hence, we can conclude that 
the new design of aluminum wheel without any failure matches the company’s requirements. 
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The Calculated Speed and Torque of Motor  
for Electric Formula Student 

 
Supaluk Prapan1* and Chawannat Chaichumporn1  ABSTRACT 

 
 The Formula SAE Electric competition is designed to create a Formula Student at the 
university level. Formula Student is the foremost educational motorsport competition in the 
world. In the competition, there are four types of events: autocross event, skid pad event, 
acceleration event and endurance event. Each event measures how well the vehicle is designed 
and how well it performs based on these design decisions. At the TSAE formula student 2017-
2018 competition, there was only one race with an internal combustion engine. The electric 
vehicle was just a prototype. In this research, attention is paid to the acceleration competition. 
The acceleration event evaluates the car’s acceleration in a straight line on flat pavement. The 
length will be 75 m from starting line to finish line. At the TSAE race in Thailand, the best time 
of the internal combustion engine was 3.84 s. In the next competition, the Carreraz Racing team 
has a goal to achieve the best acceleration. In this paper, vehicle dynamics is considered for 
selecting the proper electric motor that would provide required traction force, torque power and 
speed of motor. The results showed that the factors affecting the racing car were torque and 
speed of motor. The optimal value of torque and speed is 130 Nm and 10162 rpm respectively. 
We found a suitable motor by calculating real torque and speed. As a result, the Emrax-208 had 
the best acceleration and the HPEVS AC-23 had the best velocity and running time. 
 Keywords: Formula Electric, Motor Power, Motor Torque 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Faculty of Engineer, University of Thai-Nichi Institute of Technology, 1771/1, Suanluang, Bangkok 10250,  
  Thailand 10250, Thailand 
* Corresponding author, e-mail: supaluk@tni.ac.th 



Proceedings of the 9th Rajamangala University of Technology International Conference   86  

 
RMUT Driving Innovation for Thailand 4.0  

Introduction 
 

At present, the demand for energy across the world is constantly rising from population 
growth and economic development. This is especially true in the transport sector which has the 
highest energy consumption due to the use of internal combustion engines (ICE). The impact 
of fossil fuels and carbon dioxide emissions on the environment has led to dangerous global 
warming and climate change. As a result, there has been a development of renewable energy or 
high efficiency technologies in order to reduce fossil fuel emissions. Electric vehicle technology 
is one development designed to lower fossil fuel consumption and reduce air pollution. 
(Larminie and Lowry, 2012) 

Formula SAE Electric vehicle competition is an engineering design competition for 
undergraduate and graduate students. The goal for engineering is to develop and improve a 
racing car in overall design, construction, performance and cost. In the dynamic events of 
Formula SAE competition, points are scored to determine how the car performs. These events 
have 4 race types which consist of Skid-Pad, Acceleration, Autocross and Endurance events. 
This research focused on the acceleration event which evaluates the car’s acceleration in a 
straight line on flat pavement at a length of 75 m from starting line to finish line. (SAE 
International, 2016) In the TSAE formula student 2017-2018 competition, the best time in the 
acceleration event by the internal combustion engine was 3.84 s. Our goal is to make the 
acceleration event time better. 
 In this paper, we present the calculation of factors affecting the Electric Formula 
Student of Team Carreraz Racing form Thai-Nichi Institute of Technology and analyze the 
most suitable motors by calculating the actual values. 
 
Table 1 Requirements of Formula student competition 

Competition Max. admissible different of potentials between any two points of system (V) Total peak power motor 
Formula SAE Electric 300 VDC  Formula SAE Brazil 300 VDC  Formula SAE Australasia 600 VDC 80 kW  Formula SAE Italy 600 VDC  Formula Student 600 VDC  

 
Vehicle Dynamics  
 In the TSAE formula student 2017-2018 competition, the acceleration event will have a distance of 75 m from starting line to finish line. We intend to design the car to equal the best time from the last competition. We have taken a time of 3.84 s to calculate a maximum velocity and acceleration by fundamental equation.  Table 2 Calculation of maximum velocity and acceleration. 

Parameter Symbol Value 
Distance s 75 m Time t 3.84 s Maximum velocity in 75 m v୫ୟ୶ 140.6 km/h 
Acceleration a 10.2 m/s2 

Tractive Force  
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1. Rolling resistance force (Frr)  The rolling resistance is the resistance that the vehicle encounters due to the contact of tires with road. (Larminie and Lowry, 2012) The equation is  
 F୰୰ = C୰୰mgcosθ      (1) 

 where, Crr is the coefficient of rolling resistance   m is mass in kg   g is acceleration due to gravity 9.81 m/s2 
   is slope angle 
 
2. Aerodynamic drag force (Fad)  The aerodynamic force drag is caused by the friction of the vehicle body moving through the air. It is determined by the shape of the vehicle. The formula for calculating is given by  
    Fୟୢ = ଵ

ଶ ρACୢvଶ      ( 2 ) 
 where,  is the density of the air in kg/m3 
  A is the frontal area of car in m2 
  v is the relative velocity with the wind in m/s 
  Cୢ is a constant called the drag coefficient 
 3. Hill climbing force (Fhc)  The hill climbing force of the vehicle is the resistance offered to the vehicle while climbing a hill or traveling in downward slope. The formula for calculating is given by 
    F୦ୡ = ±mgsinθ      ( 3 ) 
 4. Linear acceleration force (Fla)  The linear acceleration force of the vehicle is given by 
    F୪ୟ = ma       ( 4 ) 

Total tractive force is sum of all these forces (Ftf) 
   F୲ = F୰୰ + Fୟୢ + F୦ୡ + F୪ୟ      ( 5 ) 
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Table 3 Vehicle parameter dynamics 
Parameter Symbol Value 

Coefficient of rolling resistance C୰୰ 0.01 
Vehicle mass with driver m 280 kg 
Slope angle  0 
Air density at 30oC  1.1644 kg/m3 
Frontal Area of car A 1 m2 
Gear ratio G 3.46 
Aerodynamic drag coefficient Cd 0.75 
Tyre radius r 0.127 m 
Gravitational acceleration g 9.81 m/s2 

  We calculated all of the tractive force from equation (1) to (5) shown in table 4.  Table 4 Result of tractive force 
Resistive Force Value (N) 

    Rolling resistance force(Frr) 27.5 
    Aerodynamic drag force (Fad) 666.3 
    Hill climbing force (Fhc) 0 
    Linear Acceleration force (Fla) 2848.3 

 3542.1 
 Based on formula (5), we get the maximum torque for the electric motor   

τ = ౪୰
ୋ       (6) 

  Where, G is the gear ratio of the system connecting the motor to the axle.  
 In order to calculate the motor speed () on the shaft under maximum speed, we used 
the following formula: 
     ω = ୴ౣ౮∙ୋ

୰       ( 7 ) 
We calculated torque and motor speed from equation (6) and (7) using 3.46 of gear ratio for our car design as shown in table 5  Table 5 Calculation of maximum torque and speed of motor 

Factor Value 
Maximum torque motor  130 Nm 
Maximum speed motor 10163 rpm 
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Comparison of different motors  
 According the rules of TSAE competition, the traction motor has a capacity of up to 
80 kW. We compared four motors that pass the rule: Golden motor, Emrax-208, HPEVS AC-
23 and Kostov K13. Then, we compared the values obtained from table 5. The torque, speed 
and power of the various motors are shown in table 6, figure 1.  Table 6 Comparison of different motors 

Motor name Speed motor 
(rpm) 

Motor 
Torque (Nm) 

Power 
(kW) 

Golden Motor 5000 160 50 
Emrax-208 6000 150 80 

HPEVS AC-23 8000 120 55 
Kostov K13 4500 140 65 

 

 Figure 1 Comparison of Golden motor, Emrax-208, HPEVS AC-23 and Kostov K13  The torque and speed value of the various motor are calculated from equations (5), (6) and (7). The values from table 3, used to find maximum velocities, accelerations and running times of 75 m. are shown in table 7  Table 7 The real value from various motor 
Motor name Max Velocities Accelerations Running times 

(km/h) (m/s2) (s) 
Golden Motor 83.0 13.7 4.10 
Emrax-208 69.2 14.9 4.55 
HPEVS AC-23 110.7 10.1 3.96 
Kostov K13 62.3 13.1 5.00 
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 Figure 2 The real value of Golden motor, Emrax-208, HPEVS AC-23 and Kostov K13  
In figure 2, a comparison of the four motors indicates that Emrax-208 has the best 

acceleration and HPEVS AC-23 has the best velocity and running time.  
Conclusion 
 
 The purpose of this research is to design motors for the Formula SAE Electric 
competition. The time of acceleration event must be less than 3.84 seconds. We are interested 
in motors with similar specifications. This is determined by the torque and the speed of motor 
at 130 Nm and 10162 rpm respectively. The motors torque is considered close to the designed 
speed but less than 8000 rpm. The HPEVS AC-23 has the best running time of 75 m in 3.96 s. 
We found that the maximum velocity of each motor is related to the running time. However, 
additional factors such as cost and gear ratio for each motor type should be taken into 
consideration. This requires further study. 
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Design of Intake Manifold for Formula Student Car  
 

Phatsakon Phan-Ophat1* and Sutthipong Rattanawijit1  ABSTRACT 
 

 The intake manifold is a key feature in a powertrain as it controls the amount of air that 
is allowed into the engine. The more air that can make it into the cylinder, the more power the 
engine can make. There are four main components to the intake manifold: the throttle body, 
restrictor, plenum, and runner. Each of these effects different properties of the manifold and 
must all be packaged and balanced in a way to provide maximum airflow under the designed 
RPM range. Analysis of the runner length of 160 mm and plenum volume of 2.1 liters is the 
most suitable for CBR 500. The study of airflow within the intake manifold used the ANSYS 
program to model air flow. The simulation result air pressure was measured in the intake 
Plenum of 11.77 kPa and the measurement of torque and power are 44 Nm and 53 HP, 
respectively. 

 Keywords: Formula Student, Intake Manifold, Plenum                            
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Introduction 
 
 The Society of Automotive Engineers (SAE) is a global association of aerospace, 
automotive and commercial-vehicle related engineer and experts association which organizes a 
series of events including FSAE. This is a series of competitions of formula-style vehicles 
called Formula Student. The Thailand Society of Automotive Engineers competition has been  
active since 2008 for cultivating the skills of self-motivated students. The Carrera Z Racing 
2017 (CRZ 10) team from Thai-Nichi Institute of Technology has participated in the Student 
Formula SAE Competition. This year, the team aims to increase the efficiency of the car in 
terms of torque and engine power.  
 The intake manifold is a key feature in a powertrain as it controls the amount of air that 
is allowed into the engine. The more air that can make it into the cylinder, the more power the 
engine can make. There are four main components to the intake manifold, the throttle body, 
restrictor, plenum, and runner. Each of these effects different properties of the manifold and 
must all be packaged and balanced in a way to provide maximum airflow under the designed 
RPM range (Merkel, 2013). In order to limit the power of competition vehicles, Formula SAE 
requires a 20-millimeter circular restrictor to be placed between the throttle plate and the intake 
port (Society Automotive Engineer, 2018). The study included research on the intake manifold 
and investigated the effects of internal geometry on flow through an intake manifold by means 
of Computational Fluid Dynamics Package Fluent (Porter, 2008). The study later investigated 
the effects of intake plenum length and volume on the performance characteristics of a spark-
ignited engine with electronically controlled fuel injectors (Ceviz, 2007). In addition, it 
examined the design, analyses and testing of a new air intake system for a single seat race car 
using CFD analyses (Kennedy, 2011) and studied and modified the engine manifold system for 
high torque and power at mid-range speed engines (8,000–12,000 rpm) (Sutthisong, 2011).  
Therefore, the torque and power of the engine is mainly determined by the intake manifold. 
With a focus on intake manifold design and analysis, we investigated the effects of intake 
plenum volume variation on engine performance and emissions to constitute a base study for 
variable intake plenum. 
 This paper therefore presents the optimization of an engine intake manifold with runners 
and restrictor. This optimization aims to obtain the maximum torque and the maximum power 
at desired engine speeds.   
Numerical Analysis 
 
 In design of plenum volumes has initially set to 1.5, 1.8, and 2.1 liters and runner 
lengths are 160, 200, and 240 millimeters.  
Table 1 Specifications of the engine model CBR500 [8]. 

Specifications Description 
Cylinder 2 
Displacement 471 cc. 
Bore 67.0 mm 
Stroke 66.8 mm 
Compression Ratio 10.7:1 
Cooling Liquid 
Engine Type 4-stroke 
Valve configuration DOHC 
Valves per cylinder 4 
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 Figure 1. The designed engine intake manifold in CATIA, showing filter, throttle, restrictor,  
     plenum, runner, and engine. 

 
 With a particular emphasis on the engine intake manifold, the engine model CBR500 
has been utilized. This model is manufactured in Thailand and provides higher torque which is 
suitable for a racing car. This CBR500 2-cylinder engine and its specifications are summarized 
in Table 1. As described in Table 1, the displacement, bore, stroke, and compression ratio are 
471 cc., 67.0 mm., 66.8 mm., and 10.7:1, respectively. 
 The engine intake manifold has been designed using CATIA as illustrated in Figure 1 
and shows filter, throttle, restrictor, plenum, runner, and engine. Based on fundamental 
calculations corresponding to engine displacements, the optimization procedures are as follows: 
the plenum volumes were initially set to 1.5, 1.8, and 2.1 liters. For each case of plenum 
volumes, the runner lengths are 160, 200, and 240 millimeters. Figure 2 shows the schematic 
diagram of the overall engine airflow system using Lotus Engineering Software. It can be 
shown from Figure 2 that the air flows through the throttle, restrictor, and finally the plenum. 
The air flow is divided into the two runners prior to engine. 
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 Figure 2 The schematic diagram of the overall engine airflow system using Lotus 
   Engineering Software. 

 
 

 Figure 3 Simulation results of runner length of 160 mm 
 
 
 

 Figure 4 Simulation results of runner length of 200 mm 
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 Figure 5 Simulation results of runner length of 240 mm 
 
 Figure 3 - 5 shows the simulation results from Lotus Engineering Software at various 
speed engines and different plenum volumes. Figure 3 shows the simulated results of the power 
and torque at the runner length of 160 mm and different plenum volume of 1.5, 1.8, and 2.1 
liters. Figure 4 shows the simulated results of the power and torque at the runner length of 200 
mm and different plenum volume of 1.5, 1.8, and 2.1 liters and Figure 5 shows the simulated 
results of the power and torque at the runner length of 240 mm and different plenum volume of 
1.5, 1.8, and 2.1 liters. 
  The engine model CBR500 has a maximum torque with an engine speed of 8500 rpm. 
Thus, a runner length of 160 mm and plenum volume of 2.1 liters is the most suitable. 
 
Design of the intake manifold 
 Figure 5 shows the design of the engine intake manifold. The engine intake manifold 
was designed with a runner of 160-millimeter and a plenum volume of 2.1 liters. The intake 
plenum was designed around the runner size, restrictor position, and the packaging with in the 
engine bay. Due to the position and orientation of the intake port on the engine, it was not 
possible to create an intake manifold that was completely linear. While this would be the most 
efficient way to reduce turbulence and pressure loss through the intake manifold, it would not 
fit within the packaging of the car. Since an efficient restrictor requires the lowest diverging 
angle possible, it was decided to mount the restrictor and throttle body above the intake port 
and use the plenum volume to efficiently provide air to the runner entrance. Since the plenum 
has the highest cross-section throughout the intake manifold, the sharpest turns can be made 
along the cross-section centerline with the least energy loss. 
 

 Figure 6 Design of intake manifold obtained from CATIA V5-6 R 2015  
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 Figure 7 shows the simulated results of the intake manifold obtained from ANSYS 
Workbench. It was found that the internal air intake system was moving at an average speed of 
35.26 m/s and the average pressure is 13.05 kPa. The inlet pressure was set at 1 atmosphere or 
101.325 kPa and when the air pressure was measured in the intake manifold at the Plenum, it 
was equal to 11.77 kPa. The velocity streamlines showed an effective air flow which was 
orderly and well-balanced in to the two runners. Moreover, the simulated pressure contour h 
indicated that this case has the lowest pressure compared to other cases. 

 

 (a) (b) 
Figure 7 Simulated results of intake manifold obtained from ANSYS Workbench; (a)  

   velocity streamlines and (b) pressure contour.  
 Results 
 

 Figure 8 Final implementation of the engine intake manifold in the racing car. 
  

Figure 8 shows the final implementation of the engine intake manifold in the racing car 
and figure 9 shows the result of measurement torque and power of the racing car. This found 
that the racing car has a maximum power of 52.0 HP and a maximum torque of 44 N·m. 
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 Figure 9. The result of measurement torque and power form Dynamo meter Test 
 Conclusion 

 
 This paper has presented an analysis of the engine intake manifold including plenum 
volume and lengths of runners as well as design and simulation of plenum volume and lengths. 
The implementation of the engine intake manifold and measurement of the torque and power 
of the racing car found a plenum volume of 2.1-liters and a runner length of 160-millimeters. 
The simulation resultant air pressure was measured in the intake Plenum of 11.77 kPa and the 
measurement of torque and power was 44 Nm and 53 HP, respectively.  
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Design and Analysis of Bias Brake for Formula Student 
 Wisit Songmuang1* and Suppachok Singha1  

ABSTRACT 
 

 The brake system of the Formula Student race car is extremely important because a good braking system makes the car easier to control. In the competition, each station needs to calibrate the difference between the brake force of the front and the rear wheels. The bias brake allows the braking force on the front and rear wheels to be adjusted to the required braking force. Balance-bars are used to distribute the force from the driver to the front and rear wheel pumps. They can move the clevis range to 31.2 millimeters and be adjustable from the center of each side to 15.6 millimeters. It can also adjust the ratio of brake force between front wheels and rear wheels up to a ratio of 80: 20. The brake force ratio can be adjusted to suit for the event. In case of a braking test, the position of the balance-bar was center. An adjustment of the balance-bar to the middle position will make the front wheel brake and the rear wheel brake with the same force. The front and rear wheels have a braking ratio of 60% and 40% for Endurance and Autocross events. The pressure on the front of the car makes it easy to control the vehicle. The balance-bars can be adjusted easily and consume less time. It can be done during or between each event.  Keywords: Balance-bars, Formula Student, Brake System   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Department of Automotive Engineer, Faculty of Engineer, University of Thai-Nichi Intitute of Technology,    1771/1, Suanluang, Bangkok 10250, Thailand  
*Corresponding author, e-mail: wisit@tni.ac.th 



Proceedings of the 9th Rajamangala University of Technology International Conference   101  

 
RMUT Driving Innovation for Thailand 4.0  

Introduction  
 
 Formula Student Competition is a popular competition among student groups. The 
competition is accredited by the International Association of Automotive Engineers (SAE), 
competing both in Thailand and abroad. There are many competitions in engineering design. 
Business presentation and competition to test the efficiency of the car, such as the speed of the 
car, acceleration, autocross, endurance, and skid pad. Brake pressure must be adjusted to suit 
the competition. 

Another key aspect which is incorporated in the front-rear split is a controlled balance 
bar that is easy to use and can change the braking characteristics on the track ( Bulsara et al. ,  
2017) Different pressures are obtained at various positions of the balance bar which gives the 
correct setup of the system as per the required biasing. Pushrod position is decided as per 
theoretical knowledge and experience (Puranik et al., 2017). 
 The brake system is designed for reducing the speed of the car. The master cylinder 
delivers the oil pressure to the brake caliper to push a brake pad that clamps against the disc. 
When the brake pad is pressed against the disc,  the speed of the car is reduced. Normally, the 
front brakes work before the rear brakes. Thus, the front wheels adhere to the road to allow for 
better control of the vehicle. In the Formula Student race car, there are many competitions that 
require strong brakes in both the front and rear wheels. The overall performance of the car and 
the racing test require a 60% function of the front wheel brakes, 40% function of the rear axle, 
to ensure good steering.  
 

The factors that result in more braking force are as follows.  
To brake the front wheel or rear wheel with different braking force. This can be done 

by modifying the braking system. 
1. The size of the brake disc is bigger. 
2. A change in brake pads with more friction coefficient. 
3. Increase the piston size of the master cylinder. 

 These factors can make the brake force of the front wheel and rear wheel to change as 
desired. If these factors cannot be done during the competition or if it is changed during the 
competition, each item cannot be completed immediately. It takes a long time to change and 
may require replacement. 
 The purpose of this research is to design and analyze the mechanisms that allow the 
braking force of the front and rear wheels to be adjusted according to the needs of each station. 
 
 Study Method 
 
 In the study, design and analysis of the mechanism to adjust the braking force of the 
front wheel and rear wheel during each race is as follows. 

1. Learn the brake system of Student Formulas 
         The brake system of the formula student car is as follows: 

1.1 The brake pedal from the driver transfers force to the brake pedal, front wheel 
and rear wheel. 

1.2 The balance bar transfers force to the master cylinder. Then it exerts pressure on 
the front and rear brake. It can be tilted by the resistance of the mother pump brake. 

1.3 The brake pump builds a hydraulic oil pressure on the brake caliper by the brake 
lines. 

1.4 The brake calipers press the brake onto the brake pads to create friction between 
the brake pads and the brake discs. 
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Figure 1 Brake system of formula student. 

 
 2. Bias brake design 
 In the brake system, the design of the Carreraz Racing team is composed of the master 
cylinder, brake caliper, brake pads and brake discs on both front and rear. By leveraging the 
braking force between the front and rear brakes, the brake is controlled by the balance bar. 
 2.1 Brake paddle and clamp design 
 The brake pedal is made of 6061-T6 aluminum with a tube for the balance bar. 
 

 Figure 2 brake paddle design 
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 2.2 Balance bar design 
 The force applied to the master cylinder, front and rear can be calculated. 

 
Figure 3 force when position X changes. 

 
  Figure 3 shows the force applied to the bar. The balance bars can be shifted in different 
positions within the l-range, which will cause the distance X to shift to the front and rear axles. 

Rr is the force that acts on the rear master cylinder brake 
Rf is the force that acts on the front master cylinder brake 
l is the total distance that the bar can move 
x is the reference distance from the rear brake pump 
 

 Figure 4 All components of the balance bar 
 

 Components of the balance bar are 
1. Spherical Bearing 
2. Locking Nut 
3. 3/8-24 thread 
4. Housing Tube 
5. Celvis set 
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3. Analysis of the force transfers from the driver to the front and rear brake with 
the calculation method. 
3.1 Calculate the force on the mother cylinder front and rear. 

   The equation 
 

R = ୍୬୮୳୲ ୭୰ୡୣ×ଡ଼
୪      (1) 

 ܴ = ݁ܿݎܨ ݐݑ݊ܫ − ܴ     (2) 
 
 

where  Rr is the force that acts on the rear master cylinder brake 
Rf is the force that acts on the front master cylinder brake 
l is the total distance that the bar can move 
x is the reference distance from the rear brake pump 
 

 3.2 Internal pressure calculations for front and rear brake. 
  The equation 

A
FP                                                     (2) 

 
F= Input Force × Pedal Ratio                   (3) 

 
 where  P is the pressure of the master cylinder 

F is the force on the mother cylinder 
A is the area of the piston of the master cylinder 
Input force is the force that the driver acts on the brake 
Pedal ratio is the ratio of the distance between the pivot point to the 
axis of the master cylinder and the distance between the pivot point and 
the driving force as shown in figure 5 
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   Figure 5 The pedal ratio of the brake pedal 
 

The diameter of Toyota Hilux Vigo clutch master cylinder is 5/8". It is small in size and 
gives maximum pressure suitable for use. 
 
   Pedle Ratio = 2.630

186
.
. BDim
ADim     (4) 

 
   Bore Aera = 4

)875.15(
4

22  D = 197.93 mm2  (5) 
 

 

 Figure 6 Distance to calculate the pedal ratio of the brake pedal 
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Results 
 
1. Design balance bar results 
 

The balance bar function divides the pressure distribution from the driver to the front 
and rear master cylinder. The force applied to the front and rear brakes varies according to the 
adjustment. It can move the space of the celvis to 31.2 mm, moving from the middle position 
of 15.6 mm per side, which can be divided into the required braking force. 

 

 
Figure 7 Brake balance bar 

 
 
2. Analysis of force and pressure on the front and rear master cylinders. 

 
 2.1 The force on the master cylinder when the bearing position changes. 
 

The force applied to the front and rear brakes is 400 N. This value was determined from 
the experiment. In the case of the bearing position balance in the middle, the braking force on 
the front and rear wheels is equal to 200 N. The result shows that the brakes have the same ratio 
in both front and rear wheels. When moving the bearing to the left or right, the force acting on 
the master cylinder shifted the front and rear brake. If a ball bearing is pushed to the right at 5.2 
mm, it will have a force acting on the front wheel brakes of 240 N. It is 60% of the total force. 
The rear axle brake has a force of 160 N. It represents 40% of the total force. 
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Table 1 Force when changing the length (X) 
 

Input 
(N) X (mm) From Center 

(mm) 
L 

(mm) Rf (N) Rr (N) %Rf %Rr 
400 10.4 -15.6 52 80 320 20% 80% 
400 15.6 -10.4 52 120 280 30% 70% 
400 20.8 -5.2 52 160 240 40% 60% 
400 26 0 52 200 200 50% 50% 
400 31.2 5.2 52 240 160 60% 40% 
400 36.4 10.4 52 280 120 70% 30% 
400 41.6 15.6 52 320 80 80% 20% 

 
 

2.2 Pressure on front and rear brakes 
 

 It can be seen that the force applied to the front and rear brakes is 400 N. This was 
determined from the experiment. In the case of the bearing position balance in the middle, the 
pressure applied to the front and rear brakes is 62.8 bar. The result is same in both front and 
rear wheels. When moving the bearing to the left or right, the pressure acting on the front and 
rear axles is shifted to the next stage. If you move the balance ball to the right 5.2 mm, the 
pressure in the front wheel brake cylinder is 75.22 bar or 60%, the rear wheel cylinder will have 
a force of 50.14 bar, equivalent to 40% 

By calculating the maximum pressure at the bearing position to the right or left at 15.6 
mm from the center, the pressure is equal to 100.29 bar when the brake force acts on 400 N. 

 
Table 2 Front and rear brake cylinder pressure when the bearing is rotated 
 

Input 
(N) 

From 
center Rf Rr Frf Frr Prf (bar) Prr (bar) 

400 -15.6 80 320 496 1984 25.07 100.29 
400 -10.4 120 280 744 1736 37.61 87.55 
400 -5.2 160 240 992 1488 50.14 75.22 
400 0 200 200 1240 1240 62.68 62.68 
400 5.2 240 160 1488 992 75.22 50.14 
400 10.4 280 120 1736 744 87.55 37.61 
400 15.6 320 80 1984 496 100.29 25.07 

 Summary 
 
 With the bias brake design using a balanced bar, the team can adjust a suitable  braking 
force of the front and rear wheels. For a brake test, the braking system will position the bearing 
in the middle position, thus the pressure applied to the front and rear brakes has the same 
braking force. The Endurance and Autocross competitions require a front and rear grip ratio of 
60% and 40% respectively.  Exerting weight transfer on the front of the vehicle makes it 
possible to control the car. To adjust the balance bar to the front wheel master cylinder, the 
length is 5.2 mm. The bar can be easily adjusted and as a result less time can be achieved during 
each race. 
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A C-Program for the Teaching of View Factors for Heat Transfer 
Problems for Two Perpendicular Planes 

 
Marwan Affandi1*, Suhaidee Sani1, Ranggita Dwi Affandi2  

ABSTRACT 
 

 Radiation is one of the three modes of heat transfer which is very important for high temperatures. Heat exchange between two planes can be computed if the view factor between them is known. This paper discusses view factors for two perpendicular planes. The graph for this view factor is available in all heat transfer textbooks. However, the use of graphs is prone to error and inaccurate. An explicit formulas for the view factor of the geometry is available. However, it is quite complicated for the purpose of teaching. While view factor calculators are available for the internet, their use is commonly restricted to simple cases. The C-program developed in this paper can be used to compute view factors for 12 cases for the concerned geometry. Students can use the program to enhance their knowledge of heat transfer while lecturers or instructors will benefit it from creating problems and getting answers quickly. 
Keywords: Radiation, View Factor, Heat Transfer, C-Program 
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Introduction  
Heat transfer is one of core subjects taught at all Mechanical Engineering departments. 

There are three modes of  heat transfer: conduction, convection and radiation. This paper is 
only concerned with radiation heat transfer, which is very important at high temperatures. There 
are many applications of radiation heat transfer such as in combustion of fuels, solar power 
plants and space vehicles. Radiation heat transfer exists between two or more surfaces. Analysis 
is based on two surfaces which is then extended to more surfaces. When analyzing heat transfer 
between two surfaces, one must consider the shape factor between them. Shape factor, view 
factor or configuration factor are similar terms and they will be used freely in this paper. There 
are various configurations for real applications which need different shape factors; extensive 
lists can be found in Howell and Siegel (2010). This paper will discuss the computation of shape 
factors between two perpendicular planes touching each other for all possible situations. At 
first, three theorems which are useful to determine the shape factor will be briefly discussed. 
Full descriptions of those theorems are given in most heat transfer text books; see Cengel 
(2002), Holman (2010) and Incropera (2007), for example. Figure 1 shows two surfaces with 
areas of A1 and A2, respectively. The reciprocity theorem states that  

 
A1F1−2 = A2F2−1                                                                           (1)          

 
Figure 1 Reciprocity theorem 

 
           

Figure 2 Addition theorem  
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Figure 2 shows three surfaces with areas of A1, A2, and A3, respectively. Heat radiates from 
surface 1 to surfaces 2 and 3. The addition theorem states that 

F1,2−3 = F1−2 + F1−3                                                                                            (2) 
 

Figure 3 shows three surfaces where one surface receives heat radiation from two others. 
Combining reciprocity and addition theorems we then have 

A1,2F1,2−3 = A1F1−3 + A2F2−3                                                                               (3) 
          

 
Figure 3 Combination of reciprocity and addition theorems  

Armed with these three theorems we will determine all possible shape factors between two 
planes or surfaces for the given configuration.  

Figure 1.    
Two perpendicular rectangles with common edge  

Figure 4 shows two perpendicular rectangles with common edge. The shape factor for this configuration can be found from the graph which is given in most heat transfer textbooks; see for example Cengel (2002), Holman (2010), Incropera (2007) and Kreith (2011).         
 
 
 

Figure 4 Two perpendicular rectangles with common edge 
   The analytical formula for the shape factor is given in most heat transfer text books. When the shape factor must be computed several times, it is better to use analytical formula 
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rather than using a graph which is usually done in the class. Reading a graph is prone to error and inaccurate, particularly when the parameters must be interpolated. The graph for the geometry discussed in this paper is shown in Figure 5. An extensive list of formulas for various configurations is given by Howell (1982) and Howell et. al., (2011). The analytical formula for the configuration shown in Figure 4 is given here but with different notations; the formula is separated into three parts because the original one is quite long.  
F1−2 = (1/π)(A + B/4 + C/4+D/4)                                                   (4) 

where 
A = W tan−1(1/W) + H tan−1(1/H) – (H2+W2)1/2 tan [1/(H2+W2)1/2]                 (4a) 

B = ln [(1+W2)(1+H2)/(1+H2+W2)]                            (4b) 
C = W2 ln [W2(1+H2+W2)/[(1+W2)(H2+W2)]                                     (4c) 
D = H2 ln [H2(1+H2+W2)/[(1+H2)(H2+W2)]                                       (4d)   

  
Figure 5 View factor between perpendicular rectangles with a common edge  

Generalized perpendicular-rectangle arangement  
Figure 6 shows a generalized perpendicular-rectangle arangement. Figure 6 is slightly 

different from the usual or conventional arrangement given in heat transfer textbooks; see 
Figure 7 as taken from Holman (2010). The current arrangement makes it easier for developing 
a computer program since the symbols used can be readily translated into codes for any 
programming languages. 

 
There are six subplanes in the horizontal plane and six subplanes in the vertical plane. 

We wish to determine radiation shape factor from any surface (subplane) in the horizontal plane 
(1,2, ..., 6) to any surface in the vertical plane (a, b, ..., f). 
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Figure 6 Generalized perpendicular-rectangle arangement  

  
Figure 7 Usual arrangement given in heat transfer textbooks  

 
The shape factors from the vertical plane to the horizontal plane can be found from 

reciprocity theorem. The shape factors for all possible configurations are grouped in the 
following cases. The division of the cases is based on the similarity of geometry pattern among 
the members of each case. For example, F1−a is similar to F1,4−a,d and F2,3−b,c while F4−b is similar 
to F4−be and F5−c,f. For simple notation, we will remove the comma and hypen from the shape 
factor symbols. So, F1,4−a,d is just written as F14ad.  
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 Derivations of all 12 shape factors  
There are 12 basic cases for the generalized arrangement as shown in Figure 6; they are 

F1a, F1d, F4a, F4d, F1b, F1c, F1e, F1f, F4b, F4c, F4e, and F4f. Except for Case 12 (to find F4f), there 
are at least two possible arrangements for each case. Table 1 shows all basic cases and the 
number of possible arrangement for each case.  
Table 1 All possible basic cases  

Case No. 1 2 3 4 5 6 
Basic F1a F1d F4a F4d F1b F1c 
Total 24 12 12 6 16 6 

 
Case No. 7 8 9 10 11 12 

Basic F1e F1f F4b F4c F4e F4f. 
Total 5 2 6 2 2 1 

 
The description of all possible basic cases is mentioned as follow. 

Case 1: F1a is the very basic case; the shape factor is computed using Equation 4. 
Case 2. From (2) we have F1ad = F1a + F1d, from which we have  

F1d = F1ad − F1a. Both F1ad and F1a are from Case 1. 
Case 3: From (3) we have A14F14a = A1F1a + A4F4a. We then have  

A4F4a = A14F14a − A1F1a . Case 4: From (3) we have after arranging the terms A4F4a,d = A14F14ad – A1F1ad. But from (2),  
A4F4ad = A4F4a + A4F4d.  So, we then have 
 A4F4d.= A14F14ad – A1F1ad − A4F4a F4−a is computed based on Case 3. So, A4F4−d can be written in terms of Case 1: 
A4F4d.= (A14F14ad – A1F1ad )− (A14F14a − A1F1a) Case 5: For Case 5 we need another theorem; see Chapman (1960)  for the proof. Figure 8 

shows the configuration for the theorem. 
 

A1F1b = A2F2a                                                                               (5)         
 

Figure 8 Case for two skewed planes 

1 2 

a b 
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We can determine A1F1b as follow. From (3) we have 

A12F12a = A1F1a + A2F2a A12F12b = A1F1b + A2F2b So, A12(F12a + F12b) = A1F1a + A2F2a + A1F1b + A2F2b Or A12F12a,b = A1F1a + 2A1F1b + A2F2b F1b = (A12F12ab − A1F1a − A2F2b)/ 2A1                                                  (6) 
Now, all cases from 6 to 10 can be determined.  
Case 6: Here, F1c = F1bc − F1b. From the similarity of F1bc with F1b (Case 5), it can be seen that 
F1bc  = (A123F123abc  − A1F1a − A23F23bc. )/2A1 .So, F1c can be found. 
Case 7: Here, F1e = F1be − F1b. From the similarity of F1be with F1b (Case 5), it can be seen that 
F1be  = (A12F12abde − A1F1ad − A2F2be.)/2A1. So, F1e can be found. 
Case 8: Here, F1f = F1cf − F1c. F1cf  is similar to F1cf (Case 6). But F1f can also be found from F1f = F1ef − F1e where F1ef  is similar to F1e (Case 7). Here, F1ef  = (A12F12abde − A1F1a − A2F2b)/2A1. Case 9: F4b is fround from A4F4b = A14F14b − A1F1b. But F14b is similar to F1b (Case 5). Here, 
F14b = (A1245F1245ab − A14F14a − A25F25b)/2A14. Case 10: Here, F4c = F4bc – F4b. F4bc is just similar to F4b (Case 9); F4bc = (A14F14bc – A1F4bc)/2A4.  Case 11: Here, F4e = F4be – F4b  where both terms in the right-hand side are of Case 9. 
Case 12: This is the last case to discuss where F4f = F4cf – F4c where both terms of the right-
hand side are of Case 10. However, we have F4f = F4ef – F4e where both terms of the right-hand 
side are of Case 11. We can verify if the value of from the two equations are the same.  
Derivation of F4f using the very basic case  

Now, we wish to determine F4f from only the very basic case i.e., Case 1. We proceed 
backward as follow: 

A4F4f = A4F4cf – A4F4c A4F4c = A14F14c – A1F1c F1c = F1bc – F1b 2A1F1b = A12F12ab – A1F1a – A2F2b 2A1F1bc = A123F123abc – A1F1a – A23F23bc So,  
2A1F1c = (A123F123abc – A12F12ab ) – (A23F23bc – A2F2b) Similarly, 
2A14F14c = (A123456F123456abc – A1245F1245ab) – (A2356F2356bc – A25F25b) So,  
2A4F4c = [(A123456F123456abc – A1245F1245ab) – (A2356F2356bc – A25F25b)] – 

[(A123F123abc – A12F12ab ) – (A23F23bc – A2F2b)] Similarly, 
2A4F4cf = {[(A123456F123456abcdef – A1245F1245abde) – (A2356F2356bcef – A25F25be)] – 
 [(A123F123abcdef – A12F12abde) – (A23F23bcef – A2F2be)] So,  
2A4F4f = 2A4F4cf – 2A4F4c = [(A123456F123456abcdef – A1245F1245abde) – (A2356F2356bcef – 

A25F25be)] – [(A123F123abcdef – A12F12abde) – (A23F23bcef – A2F2be)]} – {[(A123456F123456abc – 
A1245F1245ab) – (A2356F2356bc – A25F25b)] – [(A123F123abc – A12F12ab ) – (A23F23bc – A2F2b)]} 

Or, 
2A4F4f = A123456F123456abcdef – A1245F1245abde – A2356F2356bcef + A25F25be – A123F123abcdef + 
A12F12abde + A23F23bcef – A2F2be – A123456F123456abc + A1245F1245ab + A2356F2356bc – A25F25b + 
A123F123abc – A12F12ab - A23F23bc + A2F2b 



Proceedings of the 9th Rajamangala University of Technology International Conference   116  

 
RMUT Driving Innovation for Thailand 4.0  

So, F4f can be found by evaluating 16 shape factors from Case 1 only. Chapman (1960) 
and Holman (2010) also give a formula to compute F4f directly without any derivation. The 
formula is slightly different due to the different symbols used.  
 Results and Discussion 

 
As an example, the program was run using the following numerical values: L1 = 1, L2 = 

2, L3 = 3, w1 = 1, w2 = 2, h1 = 2 and h2 = 5. Table 2 gives the values of the shape factors for all 
cases as computed using program written in C. The output of the display in the screen for Case 
6 is shown below.  

Enter the dimensions of the planes along the X-axis (L1,L2 and L3): 1 2 3 
Enter the dimensions of the planes along the Y-axis (W1 and W2): 1 2 
Enter the dimensions of the planes along the Z-axis (h1 and h2): 2 5 
Case  6: F1c. 
          F1c = F1bc - F1b 
.       F1bc = (A123.F123abc - A1.F1a - A23.F23bc)/(2A1) 
          F1a = 0.232853, F23bc = 0.342947, F123abc = 0.349254 
          F1b = 0.069695, F1bc = 0.073968 
         F1bc = (A123.F123abc - A1.F1a - A23.F23bc)/(2A1) 
                 = (6.00*0.349254 - 1.00*0.232853 - 5.00*0.342947)/(2*1.00) 

      = 0.073968 
           F1c = F1bc - F1b 
.                = 0.073968 - 0.069695 
                 = 0.004272 
************************* 
Computed directly: 
        F1bc = 0.073968, F1b = 0.069695 
         F1c = F1bc - F1b 
.              = 0.073968 - 0.069695 
               = 0.004272 
Press any key to continue: 

 
Table 2 Values of the shape factors for all cases 
 

Case No. 1 2 3 4 5 6 
Symbol F1a F1d F4a F4d F1b F1c 
Value 0.232853 0.015545 0.045268 0.031357 0.069695 0.004272 

 
Case No. 7 8 9 10 11 12 
Symbol F1e F1f F4b F4c F4e F4f. 
Value 0.020844 0.009062 0.044450 0.009710 0.047526 0.027014 

 
Computations of the shape factors for all cases are done by a program written in C 

language. C is chosen because it is widely available and some of them is free. Furthermore, C 
is offered in many engineering faculties in their computer programming courses. Students can 
learn it quickly, enabling them to solve their problems easily. There are 12 functions that have 
been developed to compute a shape factor for each case. For all cases except the very basic one 
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(Case 1) intermediate results are shown so that the students can compare the results with their 
own calculation done manually. Of course the students must understand the theory of the shape 
factor first before they can use the programs. C is only a tool so it may not fully benefit the 
students if they do not have enough background for the problems they want to solve. Apart 
from C, Excel can also be used to compute the problems of heat transfer such as done in Becker 
(1986) and Holman (2010). However, while Excel can give very quick results by just copy and 
paste the formula it cannot be so conveniently used for complicated shape factors such as cases 
10 and 12. 

By using this program, a lecturer or instructor who teaches radiation heat transfer to the 
students can create examples and solve problems easily. Since intermediate values are shown 
in the output of the program, it is relatively easy to check if there are mistakes in the solution. 
For simple cases, the students can check their answers by using the usual graph as shown in 
Figure 5. The use of computer in solving difficult problems in radiation heat transfer will 
enhance their knowledge of the students. Most heat transfer textbooks only give problems up 
to case 9. Case 12 is the most difficult one and no example is ever mentioned in any heat transfer 
textbooks. Nowadays, most university students have their own computers or they can access 
them in their faculties. Accordingly, the teaching-learning process for the Heat Transfer course 
can be conducted better by using computers. Here, both lecturers and students will benefit by 
using the program which can solve quite difficult problems. 

Many “view factor calculators” are available in the internet; they can be easily found by 
searching them. However, they can only compute the very basic view factor that is F1a. If we 
want to compute other cases such as F1f or F4f we must run those programs several times using 
the very basic view factors and compute the required view factor manually. Howell (2018) has 
a site dedicated for computing view factors for various configurations. Actually there is a 
section in the site which will compute all 12 cases mentioned here. However, the approach used 
is very general and rather akward to use; see Figure 9.  It requires eight inputs instead of seven 
as required by our program. Moreover, its analytical formula is quite complicated; see Howell 
(2018). To check the validity of our program, the outputs have been verified using the Howell’s 
program. 

 

  
Figure 9 View factor from finite area to finite area  
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Conclusion 
 

Descriptions for all 12 diferent shape factors have been completed. Case 12, F4f, is very 
complicated. It needs 16 evaluation of shape factors from Case 1. For most cases intermediate 
values are shown; this makes it easier to check if there are mistakes in the solution. The 
computation is facilitated by using C language, which is widely available. The program will 
benefit both lecturers and students.  
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Structural Engineering Assessment for Seismic Damaged 
Concrete Building: A Case Study of One Storey Kindergarten 

School 
 

Thanongsak Imjai 1*, Surin Suthiprabha 1 and Thaworn Thirawetchayan 1  
ABSTRACT 

 
 Partial and total collapses of existing buildings during strong earthquakes in developing 
countries are responsible for heavy losses and numerous casualties. In Northern Thailand, many 
substandard reinforced concrete buildings were subjected earthquake on June 5, 2014 in 
Chaingrai province and many of these damages are attributed to the collapse of numerous 
ductile reinforced concrete (RC) frame buildings built before the introduction of modern 
seismic design guidelines. Many of such collapses occurred due to structural failures of 
inadequately detailed critical structural elements, such as columns and beam-column joints. 
Structural engineering assessment performed in this project is divided into two steps: 1) Initial 
structural assessment that will involve recording the history of the building from its inception 
to completion and subsequent lift and mapping of abnormalities, defects as to the type, 
magnitude, locations and severity and 2) in the second step, Detail Engineering Assessment 
(DEA) will then follow. The DEA process deals with making field measuring to obtain accurate 
information on member properties, dimensions, and position and loading that imposed on the 
working area. Following information and discussion was made during the DEA process.  This 
article reports a case study of a structural engineering assessment on one storey-concrete 
building in kindergarten school which is located in Ampor Pan, Chaingrai province. The 
building is partially damaged as several cracks were formed along the wall and beam-column 
joints. As part of initial assessment, innovative and repair solutions are introduced to minimize 
the construction time and labour and material cost.  Keywords: Structural engineering assessment, Seismic assessment, Strengthening, Ductility                
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Introduction  
High human and economic losses in recent major earthquakes in developing countries 

in Asia (Pakistan 2005, Indonesia 2008, Nepal 2015) have highlighted the seismic vulnerability 
of many existing reinforced concrete (RC) structures. Whilst Thailand is located in a region of 
moderate seismic hazard, the 2011 Burma and 2014 Mae Lao earthquakes exposed the 
vulnerability of the existing RC building stock. Many collapses in buildings were attributed to 
inadequate reinforcement detailing of beam-column joints and to the use of low strength 
concrete (Ornthammarath, 2015; Lukkunaprasit et al., 2015). For instance, Figure 1a shows a 
partial collapse of a building due to beam-column joint failure during the 2014 Mae Lao 
earthquake (Chaeng-rai, Thailand), whereas Figure 1b shows typical substandard detailing 
observed in such beam-column joints. Although an up-to-date seismic design code was 
enforced in Thailand in 2007 (EIT 1302-52), the code does not provide guidance on 
vulnerability assessment of existing deficient buildings. Moreover, it is necessary to find 
suitable strengthening solutions to reduce the vulnerability of these buildings. 
 

         
Figure 1  (a) Building partial collapse during the 2014 Mae Lao earthquake (Chaing-rai, 

Thailand) due to failure of exterior beam-column joints, and (b) typical substandard 
detailing of beam-column joints in Thailand 

 
As part of the Academic Engineering Consultancy Service that the Construction 

Innovation Research Unit (CIRU) team from Rajamangala University of Technology Tawan-
Ok has been requested to perform structural integrity investigation of one story reinforced 
concrete (RC) building that was damaged during the 2014 Mae Lao earthquake. The team 
consists of a local chef engineer and academic experts (CIRU) to perform a visual inspection 
to preliminary assess building structural safety based on Engineering Institute of Thailand 
Building Code (EIT 1302-52). The project is divided in to two phases; phase 1 deals with 
structural engineering assessment of damaged building and 2) results from phase 1 will be used 
to design repair/strengthening solutions in phase 2.  

This paper describes the results from structural engineering assessment thorough visual 
inspection of every structural element in the building performed in Phase 1. Non-Destructive 
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Tests (NDT) were also used and followed by software analysis of concrete strength. Such 
assessment was used to decide whether further in-depth assessment with Destructive Tests or 
Strengthening is required. The outcome from phase 1 contributes towards promoting the use of 
innovative strengthening techniques such as EBR FRP (Imjai and Garcia 2016) and Post-
Tensioned Metal Strapping (PTMS) (Ma et al., 2016; Imjai et al. 2018) as strengthening 
solutions in the seismic zone of South East Asia as proposed in the rehabilitation work in phase 
2.  
 Project facts 

The investigated RC building is the public primary school (Sanchangtai School) located in Northern of Thailand (Ampor Pan, Chiang Rai province). The one story RC building has 7 teaching rooms (13 bays in X and 3 bays in Y directions having a typical span of 3 m - see Figure 1). The building was built in 1998. The cross-section of column is 20x20 cm, 3 m height, reinforced with main reinforcement of 4-DB 12 and RB6@0.20 as steel stirrup. The wall is made from concrete block. The ground slab is 12 cm thick. Before performing the visual inspection, no drawing/material data were available and the averaged concrete compressive strength were obtained from NDT test as f’c = 175 ksc. With such a limit information from the construction drawings, detailed engineering assessment (DEA) was subsequently performed by the design team to re-check structural capacity of the as-built concrete members.  

 

 
Figure 1   Overview of one story kindergarten school 
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Structural Condition Assessment and Damage level 
During work performed in phase 1, the visual inspection is limited to those areas and 

sections of the damaged RC building that is fully accessible and visible to the inspector teams 
at the time of inspection. Nothing contained in this article implies that any inaccessible or partly 
inaccessible area(s) or section(s) of the damaged RC building being inspected by the assessor 
on the date of the inspection were free from defects latent or otherwise. There could be some 
difficulties in the conduct of a visual inspection as some of the main structural elements in a 
building may have been covered up by architectural finishes. It is therefore important that 
professional  judgment  is exercised  by  the  structural  engineer  to  determine which areas  
that  are covered up should be exposed for inspection. Reference to structural layout plans to 
determine the presence of critical structural elements would be crucial under such 
circumstances. In order to investigate the damage rank of the building as a whole, design checks 
on load bearing capacity with the actual material properties needs to be considered. The flow 
chart from preliminary inspection to solution can be shown in Figure 2. 
 

 
Figure 2  Flow chart from structural condition assessment to solution 

 
For damages as a result of current loading, repair or replacement terms will be added to 

the criteria for the structure at present condition, i.e. a structural element that shows small 
defects, well maintenance and good construction practice will have condition rating of 2 or 
“Fair condition”. If the same element has some effects/damages from current loading to the 
level that replacement of the element will be of more benefit to the whole structure than 
rehabilitation, then the term “Replacement” shall be recommended for “Fair condition” 
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(adopted from ACI 364.1 R-94, USACIERL Technical Report M-91/18, RILEM Technical 
Committee 104). No responsibility can be accepted for defects, which are latent or otherwise 
not reasonably defected on a visual inspection without interference with or removal of any of 
the structure including fixtures or fittings on the inspected building (e.g. Figure 3). For the 
purpose of this inspection, the following definitions, an element rating system is developed to 
properly assess the current condition against the originally intended function of the existing 
structure. From the field inspection, Inspectors have classified the conditions of the structural 
components into four groups as listed in Table 1 and Table 2 adopted from RILEM Technical 
Committee 104 (1991).  
 
Table 1 Structural condition rating, action requires and equivalent floor damaged rank  

Condition 
Rating Descriptions Required Action Building 

Damage Rank* 

3 
(Good) 

Element performs intended function 
with high degree of reliability. The  
item  or  area  inspected  appears  to  
be  in  sound  condition  without 
any significant visible defects. 

None 
 
 

Rank A 

2 
(Fair) 

Element performs intended function 
with small reduction in reliability. 
No effects on structural 
performance and/or instability. 

May require some 
minor repairs of 

maintenance, and /or 
increase inspection 

frequency. 

 
Rank A 

 or 
Rank B 

1 
(Poor) 

Element does not perform intended 
function with any degree of 
reliability. The item or area 
inspected exhibits some minor 
defects, minor damage or 
deterioration due to age or lack of 
maintenance. 

Immediate repair or 
replacement of 

Element. 

 
 

Rank B 

0 
(Fail) 

Element does not perform intended 
function at all 

Immediate 
replacement or 

Provision of 
immediate 

temporary support. 

 
Rank B  

or 
Rank C 

 
* Note: Equivalent building damage rank is given to the individual floor inspected and the 
design checks and current loading condition will be accounted for. Damage Rank is shown 
as  
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Figure 3 Walk-through preliminary inspection of damaged building (photo no. F-01) 

 
Table 2 Damage conditions for reinforced concrete member 

Rating 
level 

Condition state of RC Components 
Column 

width > 40cm 
Beam-Column  

Joint Beam Slab 

3 
(Good) 

 Visibly  narrow  
shear  cracks   Superficial 
cracking  Shrinkage cracks  
 
 
(w < 0.2 mm) 

 No  shear  
cracks 

 Visibly  narrow  
shear or 
flexural  cracks   Superficial 
cracking  Shrinkage 
cracks  
(w < 0.2 mm) 

 Visibly  narrow  
cracks  Superficial 
cracking  Shrinkage 
cracks  
 
(w < 0.2 mm) 

2 
(Fair) 

 Visibly  clear  
shear  cracks   

 
 
 
(0.2 < w < 1 mm) 

 No  shear  
cracks  Spalling  of  
column  
corner  
concrete 

 Visibly  clear  
shear/flexural  
cracks  

 
 
(0.2 < w < 1 mm) 

 Visibly  clear  
shear/flexural  
cracks  

 
 

 (0.2 < w < 1 mm) 

1 
(Poor) 

 Minor  cracks    Local  crush  of  
cover  concrete   Small  exposure  
of  reinforcing  
bars  may  be  
observed. 

 
 
 

(1 < w < 2 mm) 

 No  shear  
cracks    Spalling  of  
cover  
concrete  of  
joint 

 Minor  
shear/flexural  
cracks   Local crush of 
core concrete  Small  
exposure  of   
reinforcing bars 
may  be 
observed. 

(1 < w < 2 mm) 

 Minor  
shear/flexural  
cracks   Local crush of 
core concrete  Small  exposure  
of  reinforcing 
bars may  be 
observed. 

 
(1 < w < 2 mm) 

0 
(Failed) 

 Buckling  and/or  
breaking  of   
reinforcing  bars.  

 Buckling  of  
reinforcing  
bars   

 Buckling  
and/or  
breaking  of  

 Buckling  and/or  
breaking  of  
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 Crush  of  core  
concrete   Visible  
settlement  
and/or   
 inclination  of  
floor 
 
 
(w > 2 mm) 

 Crush  of  
core  
concrete    Visible  
vertical  
deformation  
of  joint 

reinforcing  
bars.   Crush  of  core  
concrete   Visible  
settlement  
and/or   
 inclination  of  
floor 
(w > 2 mm) 

reinforcing  
bars.  Crush  of  core  
concrete   Visible  
settlement  
and/or   
 inclination  of  
floor 
(w > 2 mm) 

Key Areas to inspect for any cracking, spall, leaching, signs of corrosion etc:  
1. Shear zones near supports (likely diagonal cracks), 2. Beam-column joint, and 3. Mid-span 
of beams  

It is, however, noted that a preliminary walk-round condition survey (Figure 3) is 
essential and during the walk-round there may be an opportunity to obtain samples of defects / 
loose concrete or cracks from spalled area that may be easily detached. At this stage, 
opportunities to view all the structure may be limited, for example, high parts of the structure 
or hidden areas behind false ceilings. During the visual inspection, structural condition rating 
(i.e. Table 1) will be given to the inspected structural components such as column, beam and 
slab of the building. This rating condition is given according to the damages observed during 
the walk-round survey only. Damages such as concrete spalls, cracks, pop-outs are classified 
according to the degree of damages and rating level ranged from 0 (Fail) to 3 (Good). This 
condition rating for individual structural components shall not use as representative damage 
rank for the whole building. It is intended to use as conditional rating for only inspected 
structural members and thus required action can be specified for those members once the rating 
condition is given. Results from structural engineering assessment performed during phase 1 is 
shown in Figure 4. 
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  Inspection key plan (Photo no. F-xx is shown below) 

 F-01: Vertical crack (w=0.2 mm),  
condition rating = “Fair” 

 F-02: Vertical crack (w=0.15 mm),  
condition rating = “Fair” 

 F-03: Vertical crack on wall (w=0.2 mm),  
condition rating = “Fair” 

 F-04: floor crack (w > 2 mm),  
condition rating = “Poor” 

Figure 4  Photos from visual inspection  
Structural analysis and design checks according to ACI 318  

A preliminary structural assessment and detailed engineering analysis of the RC 
building according to ACI 318 (2005) indicated that the flexural capacity of the existing RC 
concrete building was sufficient to sustain the original design live load.  Since there is no 
detailed drawing/material information available at the time of inspection, concrete strength was 
determined using rebound hammer and yield strength of steel reinforcement was assumed to 
steel grade SD30 and SR24 for flexural and shear reinforcement respectively. Concrete 
covering and reinforcement details were also measured using Ferro scan techniques. This NDT 
technique gives enough information for further structural analysis. The design of the original 
RC members required that the design flexural strength exceeded the required factored moment 

F-01 
F-02 

F-03 

F-04 
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using original design live load of 300 kg/m2 (public school) (i.e. Mn >Mu). However, the 
ground concrete slab (thickness = 10 cm) should have sufficient strength (although without risk 
of collapse) to resist a certain level of seismic load in case the compact soil underneath the slab 
failed. It is evident that detailed reinforcement of original design was not complied with the 
modern seismic design guidelines and therefore, strengthening work is required to improve 
overall structural seismic performance. The use of innovative composite materials and novel 
metal strapping methods was proposed in phase 2, as discussed in the following. 
 Concrete crack repair and Innovative strengthening technique  According to recent strengthening techniques developed at the Rajamangala University of Technology Tawan-Ok (RMUTTO), Imjai and Garcia (2016) carried out a series of tests to verify the effectiveness and applicability of the Post-tensioned Metal Strapping (PTMS) technique at different scale levels led to the development of a novel technique for retrofitting RC beams and columns using thin Post-Tensioned Metal Straps (PTMS). The technique uses ductile high-strength steel straps post-tensioned around RC elements using strapping tools as those used in the packaging industry (see Figure 5a Metal straps are commercially available in various thicknesses, widths and strengths. The ease of handling and strengthening objective determine the strap dimensions. Typical metal strap yield strengths vary between 300 and 1,000 MPa. Two types of tensioning machines exist i) pneumatic, in which the tension force is regulated accurately by applied air/hydraulic pressure (see Figure 5b), or ii) manual, in which the tension force is controlled by the operator. A cylindrical specimen confined using an air-powered tensioning machine is shown in Figure 5c. 
 

  (a) Laboratory demonstration (b) PTMS tools (c) PTMS of cylinder 
Figure 5   (a)-(b) Post-tensioning strapping, and (c) view of PTMS-confined cylinder (After Imjai et al., 2018)  At the time of inspection, the building was damaged during the 2014 Mae Lao earthquake and the inspection team performed a preliminary and detailed engineering assessment on the building during 26-30 March 2018. As seen in Figure 4, several vertical cracks were found along the wall of the building, the crack widths ranged from 0.2-0.3 mm. No cracks was found on the main structural members such as column or beam. Only non-structural members such as wall or ceiling were damaged. The vertical cracks found along the concrete wall adjacent to the column face, was attributed to the lack of sufficient dowel reinforcement and the low concrete strength. It was proposed to repair the cracked concrete wall using epoxy injections prior to carrying out any strengthening work of the columns. Several strengthening schemes were proposed including traditional solutions, such as externally bonded steel plate (EBS), concrete sectional enlargement and post-tensioned metal strapping (PTMS) for main structural members to resist the actual, increased seismic load. A novel PTMS technique was chosen as a repair / strengthening solution to increase the seismic resistant capacity of buildings. 
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The strengthening design and construction procedure were in accordance to current ACI 318 The strengthening work is being planned and will be carried out in phase 2.   Concluding Remarks  
The task performed in this project is divided into two steps: 1) Initial structural assessment that 
will involve recording the history of the building from its inception to completion and 
subsequent lift and mapping of abnormalities, defects as to the type, magnitude, locations and 
severity and 2) in the second step, Detail Engineering Assessment (DEA) will then follow. The 
DEA process deals with making field measuring to obtain accurate information on member 
properties, dimensions, and position and loading that imposed on the working area. Following 
information and discussion was made during the DEA process. Based on the case study 
discussed in this paper, the following conclusions can be drawn:  Design verifications based on ACI 318 showed that the flexural and shear capacity of the 

original concrete members were sufficient to resist original design live loads. Externally 
bonded CFRP systems was successfully to increase the total flexural capacity of original 
post-tensioned concrete slabs by up to 120% compared to their original design capacity.   During the visual inspection, vertical cracks found on the concrete wall with a maximum 

crack width of 0.2 mm which is rated as “Fair” condition. Thus this damaged wall required 
repair work. For ground slab, it was found that a 2 mm crack width occurred at the columns 
and thus was rated as “Poor”, required urgent repair work. 

 It is recommended that crack repair and strengthening techniques such the use of externally 
bonded carbon fiber composites and post-tensioned metal strapping could be used to upgrade 
existing/damaged RC building for future seismic occurrence. 
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Durable Articles and Building Repairing Informing System:                  
A Case Study of RMUTSV Rattaphum College 

 
Wanpracha Nuansoi 1*, Supawadee Mak-on1 , Suppachai Maduea1 , 

 Sivadol Noulnoppadol1 and Wandee Nuansoi 2  
ABSTRACT 

 
 Due to the problem of durable articles and building repairing informing system in RMUTSV, Rattaphum College still used the paper in step of informing to the repairing section. It caused several belated operations such as taking long time to inform the repairing, knowing the results of repairing difficultly, taking time to check and search for the informing repairing data, and losing the data. The researchers developed the durable articles and building repairing informing system, a case study of RMUTSV, Rattaphum College, by using the software development life cycle (SDLC). The Data Flow Diagram (DFD) was used to design of data following, and E-R Diagram was used to design the database. System development was employed with PHP language and MySQL was used for the database. The results of development was presented as 2 sectors, administrator and user. The administrator was able to log in, add members, edit data, add and delete the informing repairing data, and view the report of the informing repairing. Meanwhile, the user was able to log in, inform the repairing and view the report of informing repairing only.  The results of satisfaction on presenting the system showed that the users were satisfied with the system at a good level (x = 4.47, SD. = .52) and the results of satisfaction on using the system showed that the users were satisfied with the system at a very good level (x=4.56, SD. = .49).  
Keywords: Informing, Repairing, PHP, MySQL                  
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Introduction 
Rajamangala University of Technology Srivijaya (RMUTSV) Rattaphum College had 

a durable articles and building repairing informing system through paper forms and send them 
to the repair department in sequence, it caused several belated operations such as  informing 
repairing, informing result of operation, checking and searching informing repairing, loss of 
data and waste of resources as a fishbone chart. 

 

 Figure 1 fishbone chart shows inefficient durable articles and building repairing 
informing system 

 
To solve this problem, the research team has developed a durable articles and building 

repairing informing system through the web application. In this article, the first part is the 
introduction, the second part is related work, the third part is the system design, the fourth part 
is the experimental results and finally the conclusion. 
 Materials and Methods  
1. Durable Articles 

Durable articles (Durable Articles, 2017) is an asset that is intended for use in 
operations, is durable and has a useful life more than 1 year, with a record of durable articles  
having value more than 5,000 baht. They are purchased by procurement, hiring consultants, 
Hiring design and controlling and the lease to obtain the use of the organization and control the 
distribution of the regulation. 
 
2. Software Development Life Cycle (SDLC) 
 It is a software development process (Vanshika, 2015). The traditional software 
development lifecycle includes the following processes: 1) planning 2) analysis 3) software 
design 4) programming 5) user manual 6) testing 7) implementation and maintenance 
 
3. Data Flow Diagram (DFD) 

A diagram (Rosziati, 2010) that shows the direction of the flow of data in the system. 
The DFD provides an overview of the system and show the process in the system. The data in 
the diagram presents data come from, where it went, where it was stored and what happened to 
the data on the way. 
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4. Entity Relationship Diagram (E-R Diagram)  
E-R Diagram (Song et al., 1995) shows the relationship between the data including 

entity, attribute and relationship, entity as objects or things that we do in the event, attribute is 
a property of the object that we are interested, relationship is a relationship between entity. 
There are several types, such as one-to-one, one-to-many, and many to many. 

 
5. Hypertext Preprocessor (PHP) 

PHP (PHP, 2017) is a popular general-purpose scripting language that is especially 
suited to web development. Fast, flexible and pragmatic, PHP powers everything from your 
blog to the most popular websites in the world. 
 
6. MySQL 

MySQL (MySQL, 2017) is the world's most popular open source database. With its 
proven performance, reliability and ease-of-use, MySQL has become the leading database 
choice for web-based applications, used by high profile web properties including Facebook, 
Twitter, YouTube, Yahoo! and many more. 
 
7. phpMyAdmin 

phpMyAdmin (phpMyAdmin,2017) is a free software tool written in PHP, intended to 
handle the administration of MySQL over the Web. phpMyAdmin supports a wide range of 
operations on MySQL and MariaDB. Frequently used operations (managing databases, tables, 
columns, relations, indexes, users, permissions, etc) can be performed via the user interface, 
while you still have the ability to directly execute any SQL statement. 
 
8. System Design 

E-R Diagram level 0 or context diagram consists two entities, user and administrator. 
Administrator can login, adding member, editing data, adding deleting and view report 
informing repairing. The user is able to login, informing repairing and view report informing 
repairing only. 
    

 Figure 2 DFD level 0 or context diagram.  
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E-R Diagram level 1 shows all process in the system, it consisted six process including 
login, adding user, editing data, informing repairing, delete inform repairing and report 
informing repairing. All process had three part that is sending data to process, process getting 
data or putting data to database and process sending report to entity.  

 Figure 3 DFD level 1. 
 

Database design using E-R Diagram 
E-R Diagram consists three entities, user, durable articles repairing informing data and 

building repairing informing data. The user has attribute including ID, password, name, and 
status. Informing repairing building data has attribute enclosing building ID, informer name, 
defective item, defective, place and department. The last entity is informing repairing durable 
articles data which has attribute comprising durable articles ID, durable articles name, 
symptoms and informer name.  
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Figure 4 E-R Diagram. 

 
When design E-R Diagram completion then we can convert form E-R Diagram to relational 

database table including user entity can be converted to relational database table as table 1, 
informing repairing building data entity can be converted to relational database table as table 2 
and informing repairing durable articles data can be converted to relational database table as 
table 3. 
 
Table 1 user table 
User_ID Password Name Status Building_ID Durable articles_ID 

      
 
Table 2 informing repairing building data table 
Building_ID Informer_name Defective item Defective Place Department User_ID 
       

 
Table3 informing repairing durable articles data table 
Durable articles_ID Durable articles_Name Symptoms Informer_Name User_ID 
     

 
Satisfied Evaluation of the system 
 We used Likert Scale having a five-level as follows. 
    5 means efficiency and satisfaction is very good. 
   4 means efficiency and satisfaction is good. 
   3 means efficiency and satisfaction is a moderate. 
   2 means efficiency and satisfaction is low. 
   1 means efficiency and satisfaction is lowest. 
Satisfaction assessment test of users have two kinds that lecturer and officer amount twenty-
five person. There are criteria for assessing the satisfaction of the system five levels of rating 
scales. 
   4.50-5.00 means efficiency and satisfaction is very good. 
    3.50-4.49 means efficiency and satisfaction is good. 
    2.50-3.49 means efficiency and satisfaction is a moderate. 
    1.50-2.49 means efficiency and satisfaction is low. 
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    1.00-1.49 means efficiency and satisfaction is lowest. 
Statistical Methods 

Descriptive statistics were used to describe the characteristics of the data such as mean 
(X) and standard deviation (SD) 
Acceptance criteria of the test group 

The average score is better to recognize that the system is efficient and satisfying to use. 
 Results and Discussions  
 

There are two types of users: administrators and users. Administrators can login, adding 
user, editing data, adding deleting and viewing report informing repairing. The users are able 
to login, informing repairing and view report informing repairing only. Users can view their 
repair logs without login that the latest update will be displayed. If they log in with your 
username and password that get from administrator, are able to informing repairing both durable 
articles and building, can find a list of informing repairing for a specific date range, can also 
specify the search status, such as completed and in progress status.  

 Figure 5 the home page of system on website. 
 

Forms of durable articles informing repairing consist four part, informer name, durable 
articles ID, durable articles name and symptom when users filled complete and press the submit 
button to save. The system will notify to confirm for saving data.   
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 Figure 6 Forms of durable articles informing repairing.  
Forms of building informing repairing consist five part, informer name, department, 

defective item, place and defective when users filled complete and press the submit button to 
save. The system will notify to confirm for saving data.  

 Figure 7 Forms of building informing repairing.  
Table 4 the results of satisfaction on presenting the system. 
No. Acceptation Statement തܺ SD Degree 
1 Accuracy in content arrangement. 4.52 0.50 Very much 
2 Accuracy in using the media or images in the display. 4.28 0.54 much 
3 Quick to use. 4.72 0.45 Very much 
4 Appropriate use of symbols or images in the media. 4.36 0.48 much 

Total 4.47 0.52 much    
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Table 5 the results of satisfaction on using the system. 
No. Acceptation Statement തܺ SD Degree 
1 Easy to use system. 4.64 0.48 

 
Very much 

2 Appropriate to choose font type. 4.32 
 

0.47 
 

much 
3 System suitability. 4.52 

 
0.50 

 
Very much 

4 Accuracy in data validation through the system. 4.68 
 

0.47 
 

Very much 
5 The correctness of the data through the system. 4.52 

 
0.50 

 
Very much 

6 The speed to use the system. 4.72 0.45 Very much 
Total 4.56 0.49 Very much 

 
Conclusions  
 

Durable articles and building repairing informing system development in part of data 
flow design is used DFD that consisted DFD level 0 and 1 for showing overview of the system 
and all system process. The another design is database design which is used E-R Diagram 
comprising    three entities, user, durable articles repairing informing data and building repairing 
informing data. The software development on website is used PHP language and database is 
used MySQL. The result of development consisted login, adding user, editing data, adding 
deleting and viewing report informing repairing. The system had two user, user and 
administrator, user could use three systems, login, adding and viewing report informing 
repairing, and administrator could use all systems. 

The results of satisfaction on presenting the system showed that the users were satisfied 
with the system at a good level (x = 4.47, SD. = .52) and the results of satisfaction on using the 
system showed that the users were satisfied with the system at a very good level (x=4.56, SD. 
= .49). 
 Acknowledgements  
 

Thank you for the research assistant is Mr. Sathaporn Naratho 
 References 
 
Durable Articles. n.d. Available Source: http://www.vcharkarn.com, November 1, 2017.  
Hypertext Preprocessor (PHP). 2017. Available Source:  http://php.net, November 1, 2017. 
Ibrahim, R. and Yen, S. Y. 2010. Formalization of the data flow diagram rules for consistency 

check. International Journal of Software Engineering & Application 1(4):95-111. 
MySQL. 2017. Available Source:  https://www.mysql.com, November 1, 2017. 
phpMyAdmin. 2017. Available Source:  https://www.phpmyadmin.net, November 1, 2017. 
Rastogi, V. 2015. Software Development Life Cycle Models-Comparison, Consequences. 

International Journal of Computer Science and Information Technologies 6(1): 
168-172. 

Song, I. Y., Evans M. and Park, E.K. 1995. A Comparative Analysis of Entity-Relationship 
Diagram. Journal of Computer and Software Engineering 3(4): 427-459. 



Proceedings of the 9th Rajamangala University of Technology International Conference   138  

 
RMUT Driving Innovation for Thailand 4.0  

Using Information Systems in Curriculum Management 
According to the Standard Framework of Vocational Education 

Undergraduate  
 

Soontorn Kongsintu1*, Piya Korakotjintanakarn2 and Nudthee  Srisawa3 
 

ABSTRACT 
 

This research aims (1) to analyze the opinion about using information system in 
curriculum management according to the standard framework of vocational education 
undergraduate and (2) to develop information system in curriculum management tools to the 
standard framework of vocational education undergraduate created by the researchers.                
The sample group of this research was the representative teachers from 23 institutes of 
vocational education. 52 respondents who have experienced in using TQF: HEd. 3-7 or TQF: 
VEd. 2-6. were as a sample group the participants who were chosen by a purposive sampling. 
The instruments used in this research were information system in curriculum management and 
a questionnaire of experts’ opinion on using information system in curriculum management 
with 5 rating scales. Statistical analysis used was Mean and Standard Deviation. 

The results found that the teachers in institutes of vocational education agreed with 
using information system in curriculum management at the mean level of 4.17. The standard 
deviation (S.D.) was at 0.70. When considering each item, it was found that the teachers in 
institutes of vocational education agreed with using information system in curriculum 
management on efficiency and usage of the system was at high level ( X  = 4.19, S.D.= 0.72 ).   
According to the item of designing was at high level ( X  = 4.20, S.D.= 0.64 ), for the item of 
user supporting and service was at the high level ( X  = 4.11, S.D.= 0.73 ). The research found 
that the mentor and developer of the system should focus on building up confidence to the users 
in data connection of the system, system connection in using, beauty, modernity, and interesting 
homepage. The minor importance was the speed of the display, letter, and information. 
 
Keywords: curriculum management, information systems, curriculum Management Tools 
   
 
1Technical Pedagogic Research and Development Program, Department of Teacher Training in Mechanical   
  Engineering, Faculty of Industrial Education, King Mongkut's University of Technology North Bangkok,   
  Khwaeng Wong  
  Sawang, Khet Bang Sue, Krung Thep Maha Nakhon 10800, Thailand 
2Department of Teacher Training in Mechanical Engineering, Faculty of Industrial Education, King Mongkut's   
  University of Technology North Bangkok, Khwaeng Wong Sawang, Khet Bang Sue, Krung Thep Maha  
  Nakhon 10800, Thailand 
3Institute of Vocational Education Coordination Center. Office of Vocational Education Commission, 319   
  Ratchadamnoen Nok Road, Khwaeng Dusi, Khet Dusit, Krung Thep Maha Nakhon 10300, Thailand  
*Corresponding author, e-mail : Soonwa4@gmail.com, piya.ko@fte.kmutnb.ac.th 



Proceedings of the 9th Rajamangala University of Technology International Conference   139  

 
RMUT Driving Innovation for Thailand 4.0  

Introduction 
 

National Education Act, BE 2542 (1999) and Amendment 2002, Part 2, Section 9, 
Technology for Education, Section 65 states that "To have the development of people, both the 
producers and users of technology for education, is to make people have knowledge and skills 
in producing and using a proper, qualitative, and efficient technology (Office of the Education 
Council, 2006) as well as the process of information systems for searching, analyzing, storing, 
management, and dissemination of information to enhance the effectiveness of course 
management. The efficient course exercise should use the information system as a tool to reduce 
working time and it is precise. The use of information systems in teaching plan helps teachers 
analyze the original data clearer. It is counted as an important factor to develop higher learning 
achievement (Changlom, and Sigkabundit, 2016). In a school exercise, it is too necessary that 
the teachers and administrators must have a broad vision and see the importance and benefits 
of information systems using it as a tool for management. They must have a Self-development, 
change the way of thinking and methodology, change the attitude to work, keep up self-
improvement to be modern and ready to cope with the world of changes, accept any new 
changes always occur including with promoting and developing people in the institutions able 
to use information system efficiently and effectively in teaching management (Reece, and 
Brandt, 2005; Snell, and Bohlander, 2010). The suggestions from the external quality assurance 
committee, round 3 (Public Organization) appraised by the Office of Standards and Quality 
Assessment, mentioned that teachers lacked of using information systems to provide teaching 
activities to continually develop students catching up technology. It is also suggested that 
technology should be applied in the teaching and learning activities and assesses the 
development of learners, improve teaching management and methodology to continually 
develop the effectiveness of teaching and learning activities (The Office for Standards and 
Quality Assessment of Education (Public Organization), 2012). Using information technology 
is necessary and very important because the planning and decision-making process require 
using information systems as a central element of every stage of management. How successful 
the development of education is depends on a good information system. The information system 
used must be accurate and valid prompt in the present and future and direct to the needs. For 
this reason, information systems must be developed to use in planning and decision making 
with efficiency and effectiveness in course management. For the reason mentioned, the 
researcher is interested in studying the level of teachers’ opinion in institutes of vocational 
education about using information system in the curriculum management to use as data for 
analyzing and guideline for development of management systems using information systems. 
If the institutes of vocational education use the information system in their management, it will 
effect on the performance of teachers and educational persons. The institutes of vocational 
education also thrive in the era of society of learning toward the ASEAN community. It drives 
Thai education better and acceptable in society. 
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Materials and Methods 
 
1. Research Objectives 

1. To analyze the opinion on using information system in curriculum management 
according to the standard framework of vocational education undergraduate. 

2. To develop information system using in curriculum management tools according to 
the standard framework of vocational education undergraduate. 

 
2. Research Methodology 

In this study, the researcher used the methodology of research and development 
(Theresa, and Donald, 2012) which had the following steps shown in Figure 1. 
 

start

Information Management in Curriculum 
Management and

Create a Manual to using information 
management system in the curriculum.

Data Collection

Define population boundaries and 
objectives.

Study theories, principles, tools, research 
and related research.

Consultant Research 
Advisors

Assessed by experts

Evaluation by sample.

Analyze data Research 
Presentation

Training in the use of information 
systems management curriculum for 

teachers in vocational institutions.
A project to propose a 
coordinating center for 
vocational education.

Prepare documents / invitations

Prepare Place

Conduct training

Create an evaluation form for using 
information system in curriculum 

management.
The efficiency and usage of the system 

Design
User sporting and service 

End

appropriateimproper

Create a Satisfaction 
Assessment Form

improper

appropriate

 
Figure 1. The process of the training of using information systems in curriculum 

                            management 
 

The researcher brought the developed website to try out its using in institutes of 
vocational education. Testing from the actual using of the developer, the teachers in institutes 
of vocational education tested its using and evaluated the effectiveness of the website. After 
testing by the teachers in the institutes of vocational education, the teachers gave some 
suggestions on the developed website.  The researcher took the various suggestions to improve 
the working system to mostly meet the needs of the users. The system is classified into 3 kinds 
of users: 1. System Mentor, 2 . Teachers in institutes of vocational education, and 3. Chief 
Executives. The users’ privilege are; 1. The system mentor can manage the data in the system, 
2. The teachers in the institutes of vocational education could manage the information of TQF: 
VEd. 2-6, and 3. The chief executives could access all sections and can see reports of the 
teachers in institutes of vocational education. In research exercise, the researcher began with 
studying the original document recording or form for submission. The researcher had taken the 
data to analyze and design the system. It was to support the performance of the teachers in 
institutes of vocational education and the chief executives to mostly meet the needs of the using. 
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The research instrument used to analysis and design the information system was Context Flow 
Diagram, Decomposition Flow Diagram, Data Flow Diagram, Entity Relationship Diagram, 
and Data 5 Dictionary. Then, it was developed the system using the Visual Studio Professional 
2012 language together ASP.NET web form with Visual Basic .NET that is compatible with 
the apache webserver and connected to Microsoft SQL SERVER 2008 R2. It is a technological 
application to develop the effectiveness of the system well serving to the needs of users. After 
developing of the system was complete, the researcher tested the system using to measure the 
quality and efficiency of the prepared system with the opinion evaluation form on information 
system in the curriculum management. 

start

Determine the problem and study the 
needs of the curriculum management 

system.

Data Collection

Define population boundaries and 
objectives.

Study theories, principles, tools, research 
and related research.

Consultant Research 
Advisors

Assessed by experts

Evaluation by sample. Analyze data Research 
Presentation

Analysis and design of the curriculum 
management system.

Determine the working process 
of the management system.

Analysis with ER diagrams

Design Process with DFD

Screen Design and Database

Create an assessment form for analysis and 
design in curriculum management.

Functional Requirement 
 Function of the system.

Information security in the system.
The models

Database Design
User Interface Design

End

improper
improper

appropriate
appropriate

System test

 
Figure 2. The process of analyzing and designing information systems in curriculum         

management 
 

2.1 Research sample 
The sample of this study were 52 representative teachers in 23 institutes of vocational 

education who had previous experience in using the TQF: HEd. 3-7 or TQF: VEd. 2-6 chosen 
by a purposive sampling. 

 
2.2 Research tools 
This research used information system in curriculum management shown in Figure 3. 

And a questionnaire of opinion on using the information system in curriculum management 
according to the standard framework of vocational education undergraduate developed by the 
researcher shown in Figure 3 and 4.  
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Figure 3. Website Information System in curriculum Management (http://119.59.122.215) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The training in the using information systems in curriculum management. 
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2.3 Quality Assessment of Research Instruments 
The quality assessment of the research instruments was evaluated by 5 experts. The 

index of consistency (IOC) was 0.50-1.00 and the reliability value, reliability coefficient, of 
evaluation form on using the information system in curriculum management was 0.95. 

2.4 Data Analysis 
Statistics used in data analysis were mean ( X ) and standard deviation (S.D.). The 

questionnaire was an open-ended questionnaires and 5-point rating scale. The scores began 
from 1 to 5, the lowest score was 1 meant strongly disagree and the highest score was 5 meant 
strongly agree. Then found the average score for each level. They were divided into intervals. 
The interpretation of the calculated mean was divided in to 5 levels. 

 
Average score of 4.51 - 5.00  meant  Strongly agree 
Average score of 3.51 - 4.50 meant  Agree 

       Average score of 2.51 - 3.50  meant  Neither agree or Disagree.  
Average score is 1.51 - 2.50  meant  Disagree. 

       Average score is 1.00 - 1.50   meant  Strongly disagree 
 
Results and Discussion  
 
1. Results  
 

Research on using information systems in curriculum management according to the 
standard framework of vocational education undergraduate. The results of this research are as 
follows; 

1.1. Results of data analysis from the questionnaire of respondents’ opinion on the 
efficiency and usage of the system  

From Figure 5 shows that most respondents had an opinion on using information 
systems in curriculum management according to the standard framework of vocational 
education undergraduate that the overall score in the efficiency and usage of the system is at a 
high level ( X= 4.19, S.D. = 0.72). When considering each item, the highest score is in item 
1.11. The systems can reduce the amount of using paper, it is at the highest level ( X= 4.73,  
S.D. = 0.49). Secondly, item 1.10. The systems support to work faster, it is at a high level               
( X= 4.39, S.D. = 0.68). Item 1.12. The language used in the system is formal, pertinent, and 
clearly meaningful. 1.14. The administrators can take advantage of the system to control their 
workings according to any components, it is at a high level ( X= 4.37, S.D. = 0.68). The lowest 
score is in item1.8. System connection is efficient for using (the frequency of failed connection, 
recording, uploading photos, transmitting data), it is at a high level ( X= 3.71, S.D. = 0.82). 
\ 
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Figure 5 Mean and Standard Deviation of the efficiency and usage of the system 
 
1.2. Results of data analysis from the questionnaire of respondents’ opinion on 

designing 
 

  
Figure 6 Mean and Standard Deviation in designing 

 
From Figure 6 shows that most respondents had an opinion on using information 

systems in curriculum management according to the standard framework of vocational 
education undergraduate that in designing, the overall score is at a high level ( X = 4.20,            
S.D. = 0.64). When considering each item, the highest score is in item 2.2. Website layout is 
easy to read and use, it is at a high level ( X= 4.29, S.D. = 0.60), Secondly, item 2.3. Font size 
and font style are easily readable and beautiful, it is at a high level ( X= 4.23, S.D. = 0.64). Item 
2.4. The speed of showing image, letters, and any information, it is at a high level ( X= 4.17, 
S.D. = 0.70). The lowest score is item 2.1. Beauty, modernity, and attractive home page, it is at 
a high level ( X= 4.12, S.D. = 0.61). 

 
 
 

1.1 Appropriate use of the menu.
1.2 Accuracy of processing…

1.3 Fast response to the system.
1.4 The appropriateness of the…

1.5 The appropriateness of the data…
1.6 Security Management and set…
1.7 Links to detailed information…

1.8 Connection of the system.…
1.9 User Friendly  of the use of the…
1.10 The system allows it to work…

1.11 The system reduces the…
1.12 The language used in the…
1.13 The system facilitates the…

1.14 Management can take…
1.15 Publish the results of…

Mean total

4.334.023.834.084.084.333.963.713.984.394.734.374.314.374.314.19

0.58
0.72
0.67
0.65
0.62
0.67
0.81
0.82

0.72
0.68

0.49
0.68
0.64
0.68
0.64
0.72

Mean S.D.

2.1 Beautiful, modern and…
2.2 Website layout is easy to…

2.3 Font size and font style…
2.4 The speed of image and…

Mean total

4.12
4.29
4.23
4.17
4.20

0.61
0.60
0.64
0.70
0.64

Mean S.D.
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1.3. Results of data analysis from the questionnaire of respondents’ opinion on user 
support and service 

  
Figure 7 Mean and Standard Deviation in user support and service 

 
From Figure 7 shows that most respondents had an opinion on using information 

systems in curriculum management according to the standard framework of vocational 
education undergraduate that in user support and service,  the overall score is at a high level          
( X= 4.11, S.D.=0.73 ). When considering each item, the highest score is in item 3.2. Documents 
/ manuals are clear and easy to understand, it is at the high level ( X = 4.33, S.D.=0.61 ) , 
Secondly, item 3.3. There are enough channels to contact / inquire about the problems, it is at 
a high level ( X= 4.25, S.D.=0.76) . Item 3.5. Information and troubleshooting services of the 
Institute of Vocational Education is at a high level ( X= 4.04, S.D.=0.76 ) . The lowest score is 
item 3.4. Information and troubleshooting service of VEC, it is at a high level ( X = 3.92, 
S.D.=0.73 ). 

 
2. Discussion 
 
 From the results of the research on using information systems in curriculum 
management according to the standard framework of vocational education undergraduate, it 
leads to important issues for discussing about the teachers in the institutes of vocation education 
who agreed with using information systems in curriculum management as follows. 

1. The efficiency and usage of the system, the teachers in the institutes of vocational 
education agreed with using information systems in curriculum management, it is at a high level      
( X= 4.19, S.D. = 0.72). This corresponds to the research conducted by Nonthaphet, (2017) 
studied on "Using Information Technology for Secondary School Administration, Kalasin 
Secondary Educational Service Area Office 2. ", the overall picture was at a high level and the 
research of Sangthong, (2010) on "Information System for Workload Management of 
Instructors, Case Study, Faculty of Science and Technology, Phetchabun Rajabhat University", 
the results showed that most of the employees were satisfied at the high level, the mean was 
4.17, and the standard deviation was 0.26, and Khamphad, (2010) studied on "Information 
System for Advisor Management, Case Study, Phrae Technical College", the results found that 
the efficiency and effectiveness of the overall application was very effective and the data was 
complete, modern, not complicate. It promptly reacted to the needs of the users. The results of 
this research show that system mentors and developers should focus on and ensure the users in 

3.1 Speed of service and…
3.2 Documents / manuals are…

3.3 There are enough channels…
3.4 Providing information and…
3.5 Providing information and…

Mean total

4.02
4.33
4.25

3.92
4.04
4.11

0.72
0.61
0.76
0.73
0.76
0.73

Mean S.D.
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the information linking system in the system and the system connection in using, such as the 
frequency of a failed connection, recording, uploading photos, and transmitting information.  

2. Design, the teachers in institutes of vocational education agreed with using 
information systems in curriculum management. It is at a high level ( X= 4.20, S.D. = 0.64).     
It is coherent with the research conducted by Sihawat, (2011) "Study of the Use of Information 
Technology for School Administration in Chaiyaphum Educational Service Area, Region 1, the 
overall picture is at a high level. And the research by Khumtita, (2009) studied on Computer 
Information System for Fang School Network, the results of the evaluation showed that the 
system security design and the benefits to the students were at a high level. The administrators, 
system mentor, and teachers were satisfied with the design, system security, and the accuracy 
of processing is a highest level. It is also consistent with Tabnoi, (2009) Said that, the design of 
the system or website is easy to use, fast to complete the transaction, accurate, valid, reliable, 
always modern, can be checked, safe, worth and thrift, and flexible. It can be found from the 
research that the system mentor and developer should focus on and ensure the user in beauty, 
modernity, and attractive homepage. Minor focusing are the speed of showing images, text, and 
any information. 

3. User support and service, the teachers in the institutes of vocational education agreed 
with using information systems in curriculum management, it is at a high level ( X = 4.11,        
S.D. = 0.73). It corresponds to the research of Kreuasri and et al., (2015) on using information 
technology in the administration of school administrators under the Office of the Secondary 
Education Region 32, the overall picture was at a high level. The research studied by 
Jantarasomboon, (2010) found that supporting for applications or services would well satisfy 
the system using. Besides, a good support and service also effected on the effort on building up 
skills in using and developing information systems. The results of this research shows that the 
system mentors and developers should focus on the development of the system and promote 
using such as information and troubleshooting service of OVEC (Office of the Vocational 
Education Commission), followed by the speed of service and solving problems. Creating 
adequate communication channels for asking about the problems. And most important needs of 
the users are the format of the document / manual should be clear, the users can self-study and 
be in a position where the user can easily search. 
 Conclusion 
 
 The research on using information systems in course management according to the 
standard framework of vocational education undergraduate can be summarized as follows; 
 

  
Figure 8 Mean and Standard Deviation of the overall picture on using information systems 

1.The efficiency and…
2.Design.

3.User sporting and…
Mean total

4.19
4.20
4.11
4.17

0.72
0.64
0.73
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Mean S.D.
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 From Figure 8 the evaluation results of the teachers’ opinion from 23 institutes of 
vocational education on using information systems in course management shows that the 
agreement from the teachers is at a high level ( X= 4.17, S.D.= 0.70) . When considering each 
item, the agreement from the teachers on using information system in the efficiency and usage 
of the system, it is at high level ( X = 4.19, S.D.= 0.72) . In designing, it is at high level                    
( X= 4.20, S.D.= 0.64). In user support and service is at high level ( X= 4.11, S.D.= 0.73). 
 Recommendation 
 

Due to the development of information systems has some limitations, the next study 
should improve this information system in reporting which should be well documented in PDF 
format for being easy used, website design should be based on Website Development Standards 
to reduce obstacles in accessing and using i.e. font colors and sizes. 
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ABSTRACT 

 
 Biodegradable foams containing polylactic acid ( PLA)  and epoxidized natural rubber (ENR50) are prepared using various chemical foaming agents (CFAs),  which are factors that affect the properties and characteristics of biodegradable foams.  In this research, ENR50 was employed as a toughening agent for blending with PLA by twin screw extruder followed by compression moulding.  As a result, the impact strength of PLA/ ENR50 foams tended to increase as a result of the ENR50 molecules generating hydrogen bonds with the carbonyl groups of PLA, leading to interaction between ENR50 and PLA, whereas the flexural strength of PLA/ENR foams tended to decrease with an increase in ENR content. In addition, the effect of chemical foaming agent content on the properties of biodegradable foams was investigated.   Keywords:   Foam, Flexural strength, Polylactic acid, Epoxidized natural rubber, Chemical                        foaming agent                       
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Introduction  
At the present, due to competitive material and processing costs and mechanical properties, this environmentally friendly biopolymer is being considered as a replacement for polystyrene. Polystyrene foam products are used for commodity applications such as packaging, 

cushioning, construction, and thermal and sound insulation. However, the foam waste obtained from polystyrene ( PS) , which is a petroleum- based plastic, has been a serious global concern due to harmful effects on people’ s health and the accumulation of waste in the environment. Consequently, biodegradable materials such as polylactic acid ( PLA)  have been investigated for development as biodegradable foams in order to replace PS ( Ariff et al. , 2008; Li & Matuana, 2003; Julien et al., 2015; Najib et al., 2009; Luo et al., 2013; Matuana, et al., 2009). Polylactic acid ( PLA)  is a biodegradable and biocompatible polymer that is produced from renewable resources such as corn starch and sugarcane.  With a wide range of applications, PLA possesses excellent physical properties combined with biocompatibility and biodegradability properties.  PLA has a high potential for employment in food packaging because of its transparency, good mechanical properties and acceptable moisture processability for dry food stuff. However, some PLA applications are limited for use in food packaging due to its low elongation at break, high brittleness, poor crystallization behavior and low melt strength (Auras et al., 2004; Nampoothiri et al., 2010; Resal et al., 2010;  Lim et al., 2008).  Attempts to increase the toughness of PLA have employed methods such as adding plasticizer or polymer, including controlled stereomistry.  Blending of PLA with epoxidized natural rubber ( ENR)  as an effective toughening agent in plastic has been extensively carried out (Tanjung et al., 2015; Ouipanich et al., 2017; Kaisone et al., 2016; Lee et al. , 2010; Suganuma et al. , 2011; Pilla et al. , 2009; Pilla et al. , 2009; Zhang et al. , 2013; Zhai et al. , 2009; Jaratrotkamjorn et al. , 2012; Wang et al. , 2016; Raps et al. , 2015; Yuan et al., 2014; Dechatiwong Na Ayutthaya and Poompradub, 2014; Masek et al., 2016; Tham et al., 2016; Wang et al., 2015; Sukpuang et al., 2014).  ENR is a renewable resource obtained from Hevea brasiliensis ( Nawamawat et al. , 2011). It has many advantages, such as abundant availability, biodegradability, high toughness and outstanding mechanical strength.  ENR is polar because there are epoxy groups contained on the backbone chain, which can improve the polarity of NR and hence promote compatibility with PLA ( Nampoothiri et al. , 2010) .  There are only a few research studies examining NR-toughened PLA and PLA foam.  In 2013, Zhang and others investigated the use of ENR as a toughening agent for PLA ( Zimmermann et al. , 2013) .  This report revealed that the incorporation of ENR in blends could reduce the tensile modulus and strength but enhance the elongation and impact strength of PLA, including strong shear thinning behavior.  Tanjung et al. , 2015 investigated the effects of rubber polarity, rubber viscosity and molecular weight on the mechanical properties of the PLA/ENR and PLA/NR-g-PMMA blends.  It was found that all blends showed higher strength than PLA and NR because of the addition of an effective toughening agent. This study also focused on the effects of ENR and chemical foaming agents on the properties of biodegradable foams.  Materials and Methods 
 
1. Materials 
 

Polylactide polymer 2003D in pellet form with melt flow rate of 5 –  7 g/ 10 min ( 2. 16 
kg, 210 oC) was purchased from Natureworks LLC (USA). Epoxidized natural rubber (ENR50) 
contained 50 mol%  epoxidation was kindly supplied by the Key Laboratory of Tropical Crop 
Products Processing (Ministry of Agriculture, China). 
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2. Methods 
 

The PLA and ENR50 were separately dried at 80 oC and 50 oC, respectively for 8 hours 
in a hot air oven, prior to the blending.  The polymer blends between PLA and ENR50 were 
prepared with various ENR50 contents ranging from 0 to 40%  by weight.  The well- mixed 
blends were carried out in twin screw extruders (types LTE-20-32 and LTE-20-40, Rheocord 
90, Germany) ,  at a rotor speed of 45 rpm and temperature of 190 oC for 10 min, followed by 
cutting them into small granules. Prior to foaming, the ENR50/PLA foams were prepared with 
various CFA contents ranging from 0. 5 to 2. 0 phr.  The fabricated specimens were carried out 
by using compression moulding (Wabash model labtech) at 210 oC for 14 min. The designations 
and formulations of the PLA/ENR50 foams are mentioned in Table 1. 

 
Table 1 Designation of PLA/ENR-50 foams 
 

Sample name PLA  
(wt%) 

ENR50 
(wt%) 

CFAs  
(wt%) 

P100/B0.5 100 - 0.5 
P100/B1.0 100 - 1.0 
P100/B1.5 100 - 1.5 
P100/B2.0 100 - 2.0 
P90/E10/B0.5 90 10 0.5 
P90/E10/B1.0 90 10 1.0 
P90/E10/B1.5 90 10 1.5 
P90/E10/B2.0 90 10 2.0 
P80/E20/B0.5 80 20 0.5 
P80/E20/B1.0 80 20 1.0 
P80/E20/B1.5 80 20 1.5 
P80/E20/B2.0 80 20 2.0 
P70/E30/B0.5 70 30 0.5 
P70/E30/B1.0 70 30 1.0 
P70/E30/B1.5 70 30 1.5 
P70/E30/B2.0 70 30 2.0 
P60/E40/B0.5 60 40 0.5 
P60/E40/B1.0 60 40 1.0 
P60/E40/B1.5 60 40 1.5 
P60/E40/B2.0 60 40 2.0 

PLA:  Polylactic acid; ENR-50:  Epoxidized natural rubber with 50 mol% epoxidation; CFAs: 
Chemical foaming agents  

All samples for the Izod impact test were prepared by compression moulding (Wabash 
model labtech) at 200 o C for 14 min. Then the specimens were cut into 12.7 mm x 63.7 mm x 
12.7 mm sections and a V notch was made to a 2.5 mm depth in according with ASTM D256. 
The Izod impact test (Notched Izod)was evaluated by using the QC-639 impact testing machine. 

Samples for the flexural test were prepared by compression moulding ( Wabash model 
labtech)  at 200 oC for 14 min.  Then the specimens were cut into 13 mm x 190 mm x 9. 6 mm 
sections in accordance with ASTM D790. The flexural test was performed by using three-point 
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bending tests in a testing machine (Lloyd Instruments Ltd. A structuring experiment for data to 
use in SPSS (Statistical Package for the Social Science) was carried out. The SPSS19 was used 
to optimize and determine the significance of factors affecting the impact strength and flexural 
strength of PLA/ENR50 foams.  The experimental results were examined by repeating the 
experiment five times. 

 Results and Discussion 
 1. Mechanical properties of PLA/ENR50 foams  
1.1 Impact strength of PLA/ENR50 foams 

 
The impact strength of PLA/ ENR50 foams is shown in Figure 1 and Table 2.  The 

results, it can be seen that the impact strength of blend foams was improved via the addition of 
ENR because the ENR50 molecules could generate hydrogen bonds with the carbonyl groups 
of PLA. ENR was shown to be a very effective substance for increasing the impact strength of 
blend foam containing PLA. In addition, these results revealed that the presence of more stress 
transfer from brittle matrix to tough ENR50 and ENR50 acts as an impact modifier, hence 
increasing the energy absorption capacity of the blend foams (Akbari et al., 2014; Wahit et al., 
2015). 
 
Table 2 Impact strength and flexural strength of PLA/ENR50 foams 
 
 

 
 
 

 
 
 
 

Sample 
name 

Impact strength (J/m2) flexural strength (J/m2) 
P100/B0.5 0.3861± 0.14b,c,d 14.9840 ± 2.14i 
P100/B1.0 0.4403 ± 0.09d,e 21.0180 ± 2.77j 
P100/B1.5 0.3009 ± 0.06a,b 12.5682 ± 3.33h 
P100/B2.0 0.2889 ± 0.04a,b 12.2644 ± 2.96h 
P90/E10/B0.5 0.3045 ± 0.04a,b 10.4208 ± 2.71g,h 
P90/E10/B1.0 0.2740 ± 0.06a,b 7.3416 ± 1.16e,f 
P90/E10/B1.5 0.3290 ± 0.13a,b,c 6.7763 ± 0.69d,e,f 
P90/E10/B2.0 0.2546 ± 0.04a 8.3900 ± 0.84f,g 
P80/E20/B0.5 0.3607 ± 0.06a,b,c,d 5.6522 ± 0.44c,d,e 
P80/E20/B1.0 0.2785 ± 0.03a,b 2.8223 ± 0.44a,b 
P80/E20/B1.5 0.2859 ± 0.04a,b 2.8245 ± 0.58a,b 
P80/E20/B2.0 0.2661 ± 0.04a 2.6863 ± 0.35a,b 
P70/E30/B0.5 0.4271 ± 0.07c,d,e 4.9222 ± 0.27b,c,d 
P70/E30/B1.0 0.5264 ± 0.13e,f 4.4618 ± 0.53a,b,c 
P70/E30/B1.5 0.5361 ± 0.06e,f 3.8500 ± 0.11a,b,c 
P70/E30/B2.0 0.5235 ± 0.06e,f 3.4733 ± 0.50a,b,c 
P60/E40/B0.5 0.4706 ± 0.10d,e 3.2216 ± 0.60a,b 
P60/E40/B1.0 0.5219 ± 0.02e,f 3.2030 ± 0.53a,b 
P60/E40/B1.5 0.4351 ± 0.07c,d,e 2.5074 ± 0.28a,b 
P60/E40/B2.0 0.6155 ± 0.11f 2.0944 ± 0.54a 
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 Figure 1 Impact strength of PLA/ENR-50 foams as blowing agent (a) 0.5 phr, (b) 1.0 phr, 
      (c) 1.5 phr and (d) 2.0 phr. 

 
1.2 Flexural strength of PLA/ENR50 foams 
 

Flexural strength of PLA/ENR-50 foams is shown in Figure 2.   In Figure 2, the effect 
of ENR50 content on the flexural properties of blend foams is shown.  The results showed that 
the flexural strength of PLA/ ENR foams tended to decrease with an increase in ENR content 
ranging from 0 to 40 wt% .  This was due to the reduction in stiffness of the blend foams.  The 
results exhibited lower flexural properties of blend foams with an increase of the ENR content 
as a result of large ENR50 particle sizes forming in blend foams that contained PLA and 
ENR50, and there was an increase of non- uniformity of cell structure, with open cell content, 
while decreasing skin thickness was shown in SEM images (Wahit et al. , 2015) .   In addition, 
the reduction in the flexural properties of blend foams with the increase of ENR50 content was 
attributed to the low modulus of the ENR50 contained in blend foams (Wahit et al., 2015). 
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 Figure 2 Flexural strength of PLA/ENR-50 foams as blowing agent (a) 0.5 phr, (b) 1.0 phr, 
      (c) 1.5 phr and (d) 2.0 phr. 
 
1.3. Morphology of blend foams 
 

One of the important parameters is the morphology of foam because many mechanical 
properties depend on the dimension, organization, and distribution of cells ( Carvalho and  
Frollini, 1999; Bledzki and Faruk, 2006) .   The SEM images exhibited the difference in the 
morphology and the sizes and numbers of the cells obtained with the different amount of 
blowing agent (Zimmermann et al. , 2013).   In this experiment, the morphology of specimens 
for P100/B0.5, P100B1.5, P90/E10/B0.5, P90/E10/B1.5, P90/E10/B2.0, and P80/E20/B1.0 
was investigated by scanning electron microscopy (SEM), as shown in Figure 3. These results 
exhibited that the NR domain are dispersed in the PLA matrix.   This is consistent with the 
previous reports of Juntuek et al. (2012).  The porosity of foams was exhibited in the SEM 
images at 25 times magnification.  The addition of chemical foaming agents in blended foams 
lead to the increment of pore size and pore numbers of foams.   In addition, PLA foam showed 
homogeneous pore size distributions, whereas Figure 3 (C) - (F) showed non-homogenous pore 
size distributions of the matrix with the addition of ENR ( Zimmermann et al. , 2013) .   In 
addition, after CFAs were heated, those CFAs degraded to CO2 and water ( Ariff et al. , 2008; 
Li et al. , 2003; Zimmermann et al. , 2013) ,  and nucleation of cells was formed at the polymer 
matrix (Nofar and Park, 2014). 
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Figure 3 SEM images (x25 magnifications) of (A) P100B0.5, (B) P100B1.5, (C) 

                      P90/E10/B0.5, (D) P90/E10/B1.5, (E) P90/E10/B2.0 and (F) P80/E20/B1.0 
 Conclusion 
 In this study, the impact strength and flexural strength of PLA/ ENR- 50 foams were studied.  The ENR- 50 was employed as a toughening agent for blending with PLA.  It was revealed that there are several factors which may influence the effectiveness of a rubber toughening polymer, such as the amount and composition of rubber employed. In addition, the size and shape of the particle and the interfacial adhesion between the matrix and rubber particles also influence the effectiveness ( Juntuek et al. , 2012) .   The impact strength of PLA/ENR-50 foams tended to increase because the epoxy groups in ENR could react with the carboxyl groups in PLA,  whereas the flexural strength of PLA/ ENR foams tended to decrease 
with an increase in ENR content.   Acknowledgment 
 The writers gratefully acknowledge the Thailand Research Fund (TRF) for financial support under Grant Number MSD5810098.  In addition, the authors are also grateful to the Graduate School of Kasetsart University for financial support for this project.     
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Effect of Waste Tire Powder on the Properties of Natural Rubber 
Latex Foams 

 
Suwat  Rattanapan1* Jutatip  Artchomphoo1 and Anuchit  Wichianchom1  ABSTRACT 

 Waste tire powder (WTP) was incorporated with natural rubber latex (NRL) compound and foamed to make natural rubber latex foam (NRLF) by using a well-known technique called the Dunlop method. The purpose of this study was to use WTP as a filler for NRLF. Different amount and size of WTP were added to NRL compound and was foamed to make NRLF. The mechanical properties, density and compression set of NRLF were studied. The properties was performed on WTP-Filled NRLFs, and they were compared with silica (Si) and calcium carbonate (CaCO3) filler. Decreasing size of WTP increased the tensile strength, elongation at break and shrinkage of NRLF. The tensile strength and density of the NRLF increased with an increase in WTP loading. Smaller WTP size indicated higher elasticity of WTP-filled NRLF, but the recovery of WTP-filled NRLF decreased with increasing WTP loading. Addition Si and CaCO3 into the NRL together with WTP would also decreased the properties of NRLF. The foams observed by optical microscopy revealed to have open cells.   Keywords: Waste Tire Powder, Natural Rubber, Latex, Foam    
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Introduction 
Recently, environmental considerations and public concern have become increasingly 

important as the world strives toward environmental quality and preservation through 
sustainable development and cleaner technology (Li et al. 2011). Waste tire powder (WTP) 
have been widely used as fillers in rubber, thermoplastic and polymer composite materials (Kim 
and Burford, 1998) .  WTPs are a major concern as they cause environmental problems. 
Although some recycling methods of used tires do exist, they are not sufficient to consume all 
the amount of accumulated ones. The dispersion of tires in the natural environment is the cause 
of a huge pollution phenomenon as the materials that constitute a tire are not biodegradable and 
produce toxic smokes when incinerated. Therefore, new methods of reusing waste tires are 
needed, especially if they aim at transforming this waste into a cheap resource. There are many 
methods to manage waste tires such as reclamation, recycling, devulcanization, high pressure 
and high temperature sintering, burning for energy recovery or use as fuel, pyrolysis to produce 
carbon black and others. With regard to generating an environmental friendly and economical 
aspect, one of the preferred methods is recycling by grinding followed by use of the rubber 
crumbs as raw materials. However, although rubber is the major component of tires (41–48%), 
there are other components to consider: carbon black, metal, textiles, curing agents, and other 
additives but the rubber recovered from waste tires is the main target of this recycling. The 
recovered rubber can be classified into four types according to its composition, shape, density, 
and size: shredded tires, tire chips, ground rubber, and WTP. WTPs can be produced by two 
major technologies: ambient mechanical grinding and cryogenic grinding. There are several 
grades of WTPs depending on the quality and granule size. Generally the granule size is ≤ 6.35 
mm.  

Natural rubber latex (NRL), the first latex to be used industrially. NRL is also defined 
as the dispersion of natural rubber particles in water (Hossain et al. 2010). NRL is a stable 
colloidal dispersion of polymeric particles in an essentially aqueous medium (Hamza et al. 
2008). The colloidal stability of the latex is extremely sensitive to pH and the ionic environment 
of the dispersing medium (Nawamawat et al. 2011). Schidrowitz and Goldsbrough (Blackley 
1966) made an attempt in 1914 to produce a porous rubber product from natural latex 
concentrates, called “latex foam” (Madge 1962). Addition of any kind of foreign material with 
different pH can easily cause agglomeration of latex. Latex foam rubber is defined as a cellular 
rubber that has been made directly from liquid latex. The Dunlop process is particularly well 
adapted to the manufacturing of thick molded latex foam rubber products, such as pillows, 
cushions, mattresses, and upholstery foam. Various applications of latex foam include carpet 
underlay material, mattresses, pillows, cushioning seats at concert halls, theaters, hotels, 
houses, vehicles, and factories. 

General principles can be given for the preparation of aqueous solutions, dispersions, or 
emulsions for addition to aqueous latices. The particle size of dispersion and colloid stability 
should be comparable to that of the latex to which they are added. Also, the pH and ionic 
strength of the aqueous phase of the dispersion should be similar to that of the latex aqueous 
phase. Few attempts have been made to incorporate fibers into natural rubber latex foam. The 
use of glass fiber to reinforce natural latex foam rubber has been studied in some detail, and 
such an approach is claimed to reduce shrinkage and increase tensile strength. Mineral fillers 
such as kaolinite clays, calcium carbonate and silica have also been added as fillers for latex 
foam. Improvements in properties of high styrene-butadiene lattices have also been claimed by 
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addition of mineral fillers. In general, however, the addition of any normal type of compounding 
ingredient gives little advantage with respect to the load-weight ratio. Despite that, there have 
been no research studies that have incorporated WTP as filler in natural rubber latex foam. So 
far, there have been no reports of adding WTP to natural rubber latex foam. 

Goals of the present study are to understand the effect of WTP on the mechanical of 
latex foam, as well as to reduce the overall compounding cost of the NRLF. The compression 
properties of silica, CaCO3 and WTP incorporated NRLF were analyzed. WTP filler is expected 
to enhance the mechanical properties and also reduce the material cost of natural rubber latex 
foam. Usage of WTP is also expected to reduce land fill pollution and contribute as an asset to 
the waste tire industry rather than being waste material.  
 
Materials and Methods 
 1. Materials and Formulation 

The formulation and materials of the NRLF is as shown in Table 1. High ammonia natural 
rubber latex (LNR) with a dry rubber content of approximately 60 wt %, manufactured  by the  T.T. 
Latex&Products Co., Ltd., (Nakorn Sri Thammarat, Thailand), was used as the raw material for the 
preparation of  natural rubber latex foam (NRLF). Latex chemicals (sulfur, wingstay L, potassium 
oleate, Zinc diethyldithiocarbamate (ZDEC), Zinc 2-mercaptobenzhiozolate (ZMBT), 
Diphenylguanidine (DPG) and Sodium silicofluoride (SSF) from Bayer. Waste tire powder (WTP) 
supplied by Saeng Thai Rubber Co., Ltd.  
 
Table 1 Formulation of natural rubber latex foam filled with waste tire powder 
 

Ingredients Total Solid Content (%) Formulation  (phr) 
Natural rubber latex  60 100 
K-Oleate 20 1.0 
Sulphur 50 5.0 
ZDEC 50 1.0 
ZMBT 50 1.0 
Wingstay L 50 1.0 
ZnO 50 5.0 
DPG 33 1.0 
SSF 25 0.4 
WTP-20, WTP-30, WTP-40 100 10, 20 , 30 

Particle size of WTP-20, WTP-30, WTP-40 were 20, 30 and 40 mesh, respectively.  
 
2. Sample Preparation 
 Firstly, high ammonia natural rubber latex (LNR) was filtered and weighed according 
to the formulation. Then, latex and latex chemical (ZMBT, ZDEC, Sulphur, Wingstay L and 
potassium oleate) were stirred for about 16 hours (hr) by using a mechanical stirrer at low speed. 
After 16 hr of continuous stirring, the NRLF compound was foamed using the stand mixer 
(OTTO Mixer HM-273). WTP was slowly added to NRLF compound and the mixture was 
beaten by using stand mixer for about 4 min until the homogenized compound was obtained. 
After that, The NRLF compound was beaten intensively for about 2 min until the volume of the 
compound increased up to three times its initial volume. Foaming speed was lowered to obtain 
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a fine and even foam once the desired volume was obtained.  Next, the primary gelling agent 
(zinc oxide, ZnO) together with diphenyl guanidine (DPG) was added to the foam, and beating 
was continued for another 1 min. Then, the secondary gelling agent (sodium silicofluoride, 
SSF) was added and the foam was beaten for 1 min. Finally, the ungelled foam was obtained 
and the ungelled foam was quickly poured into the desired aluminum mould and allowed to gel 
for 3 min at ambient temperature. Gelled foam was then cured in a steam cure at 100 OC for 30 
min. The WTP powder filled NRLF foam (WNRLF) was stripped from the mould and washed 
thoroughly with distilled water to remove the excessive non-reacted materials. After washing, 
the cured WNRLF was dried in a hot air oven at 70 OC for 4 hr. The well dried foam will appear 
to be off white in color.  

 
3. Measurement of foams 
 Tensile Properties  

Tensile tests were carried out according to ASTM D 412 by using a universal testing 
machine Hounsfield-H10 KS. Dumbbell shaped samples were cut from the WNRLF sample by 
using a Pneumatic Shape Cutting Device 403S-S Series.  Five samples were required from each 
loading of WTP. The tensile test was performed at ambient temperature with a crosshead speed 
of 500 mm/min. Samples of WTP (WTP-20, WTP-30 and WTP-40) filled NRLF with 10 phr, 
20 phr and 30 phr filler loading were tested. Tensile properties such as tensile strength  and 
elongation at break were obtained from tensile testing and the average results were reported.  

 Density  
The density of WTP filled NRLF was determined by calculation from the mass and 

volume of a specimen as shown in Eq. 1. Samples used in this test method were in a regular 
shape not less than 1000 mm3 in volume (according to ASTM D3574). Five samples of each 
WTP loading were measured, and an average of three results was reported. 

 
Density (kg/m3) = (M/V) x 106      (1)  

 
where M is the mass of the specimen (g) and V is the volume of the specimen (mm)3. 
 

Compression Set  
Compression set properties of WTP filled NRLF were evaluated according to ASTM 

D3574. Samples used were in regular shape of 50 mm x 50 mm x 25 mm with parallel top and 
bottom surface and essentially perpendicular sides. Three specimens per samples were tested. 
Specimens were placed in the test apparatus and deflected to 50 ± 1 % of their original 
thickness. Within 15 min, deflected specimens and the apparatus were placed in mechanically 
convected air oven for 22 hr with a test temperature of 70 ± 2 OC. Specimens were immediately 
removed from apparatus and measured after 30 minutes recovery. Compression set and 
recovery percentage were obtained from this testing. Three samples of each WTP loading were 
tested. Calculate the compression set, expressed as a percentage of the original thickness, as 
shown in Eq. 2. 
 

Ct = [(to - tf )/ to] x 100                         (2) 
where: 
Ct = compression set expressed as a percentage of the original thickness, 
to  = original thickness of test specimen, and 
tf  =  final thickness of test specimen. 
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Results and Discussion 
 1. The effect of waste tire powder on properties of NRLF 

 Mechanical Properties  
Results related to the mechanical properties of WTP-filled NRLF are shown in Figure 1, 

Figure 2 and Figure 3. The tensile strength and density of the NRLF increased with an increase 
in WTP loading, but the elongation at break of WTP-filled NRLF decreased with increasing 
WTP loading. Decreasing size of WTP increased the tensile strength and elongation at break of 
NRLF. The strength of a composite is expected to depend on the filler-matrix interfacial 
interactions. Considering that the WTP surface was not treated and that no compatibilizer or 
coupling agents were used in this work, but WTP surface was the rubber. It was reasonable to find 
that the strength was improved significantly. The filler content increases there is more filler surface 
that needs to be wetted by the polymer in order to have good contact and sufficient stress transfer, 
and less polymer that is available to wet the WTPs, so the strength started to decrease upon further 
addition of fillers (Karim et al., 2016). The elasticity of foam was reduced, resulting in a stiffer 
and more rigid foam. This led to lower resistance to break (Muniandy et al., 2012). A reducing trend 
in elongation at break was attributed to the addition of WTP powder, introduced more flaws to the 
WTP filled NRLF resulting from the low WTP-rubber interaction. 

 
 

  Figure 1 The effect of amount and size of WTP on tensile strength of WTP-filled NRLF          
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  Figure 2 The effect of amount and size of WTP on elongation at break of WTP-filled NRLF 
 

  Figure 3 The effect of amount and size of WTP on density of WTP-filled NRLF  

 
Figure 4 The effect of amount and size of WTP on compression set of WTP-filled NRLF 

 The compression set is a measure of the elastic behavior of the material. Figure 4 shows 
that the WTP-filled NRLF (with 40 mesh, 10 phr) had the lowest compression set. Low 
compression sets indicate a high elasticity. The NRLFs with higher WTP loadings had higher 
compression sets. Figure 4 reveals that the control NRLF (with 10 phr WTP) had the highest 
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and fastest recovery percentage. The recovery percentage of WTP incorporated NRLF 
decreased with decreased WTP size. The recovery percentage of WTP-filled NRLF decreased 
with increasing WTP loading. Non elastic deformation was mainly due to the deformation of 
the hard phase of which more WTP is present (Bashir et al., 2015). These results are shown in 
Figure 5. 

 

  Figure 5 Photographs of WTP-filled NRLF 
 
2. The effect of filler loading on properties of NRLF 
 Figure 6 and Figure 7 show the effect of silica (10 phr), calcium carbonate (CaCO3) (10 
phr), Silica,CaCO3/WTP (10 phr) blend on tensile properties of NRLF. The Silica,CaCO3/WTP 
blend NRLF caused a decrease in the tensile strength and elongation at break. In general the 
tensile strength of foam strongly depends on the foam density (Rattanapan et al., 2016). Figure 
8 clearly shows that density of NRLF decreased with added Silica,CaCO3/WTP blend into the 
NRLF. 
 

  
Figure 6 The effect of filler and WTP on tensile strength of NRLF  
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  Figure 7 The effect of filler and WTP on elongation at break of NRLF 
 

The compression set was performed to study the dimensional durability of foam under 
stress (Zhang et al., 1998). A low compression set indicates that the foam is more flexible or 
has a high elasticity, i.e., it can recover better its original shape after deformation. The addition 
of Silica, CaCO3 and WTP into the foam influenced the compression set of NRLF. 
Silica/CaCO3/WTP blend showed the lowest value (13 %) whereas Silica-NRLF and 
Silica/WTP-NRLF showed a higher value than CaCO3-NRLF and CaCO3/WTP-NRLF. 
However, the compression set value of all NRLFs was relatively low (Figure 9). This might be 
due to the effect of cellular structure which contained lots of open cells making it more flexible. 
These results are shown in Figure 10. 
 

  
Figure 8 The effect of filler and WTP on density of NRLF 
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Figure 9 The effect of filler and WTP on compression set  of NRLF 

 
 

  Figure 10 Photographs of filler and WTP - filled NRLF 
 Conclusion  
 

The tensile strength and density of the NRLF increased with an increase in WTP 
loading, but the elongation at break of WTP-filled NRLF decreased with increasing WTP 
loading. Decreasing size of WTP increased the tensile strength and elongation at break of 
NRLF. Smaller WTP size indicated higher elasticity of WTP-filled NRLF, but the recovery of 
WTP-filled NRLF decreased with increasing WTP loading. Addition Si and CaCO3 into the 
NRL together with WTP would also decreased the properties of NRLF. The foams observed by 
optical microscopy revealed to have open cells.  
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Survey Study of Current Seawater Desalination Processes 
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ABSTRACT 

 
Considering that nearly 1 billion people in the developing world don't have access to clean and safe drinking water at present, the water resource can be the cause of a global conflict in the near future. Realistically, breaking through such a global water shortage would be to acquire freshwater from abundant seawater on the earth. Commercially, seawater desalination is classified into a membrane process and a thermal process. Although the thermal process, which simply evaporates seawater and condenses the evaporated steam for obtaining freshwater, was the main (method) in the past, the membrane process has dominated the seawater desalination market at present. The main reason to change the seawater desalination market transit is the specific energy consumption (SEC), which means that the energy consumption required to produce the freshwater of a unit mass. This review thoroughly investigated the current seawater desalination technologies and compared the SEC of each process. Especially, this review focused on the mechanism of how to reduce the SEC of a thermal type seawater desalination process from the survey of the reported studies. Furthermore, in the case of a thermal type seawater desalination process, the mechanism of why the SEC can be reduced was described on the basis of thermodynamics.  Keywords: Desalination, Global Water Shortage, Reverse Osmosis, Specific Energy Consumption, Thermal Type Desalination                      
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Introduction 
 As well known, both human population and water resources are unevenly distributed 
across the globe. In many areas, densely populated regions do not overlap with those that are 
water rich (Kummu et al., 2010). Due to the rapidly increasing population and water use per 
capita in many areas of the world, nearly one third of the world’s population currently lives 
under physical water scarcity. Figure 1 is shows the global water stress map that is the average 
exposure of water users in each country to baseline water stress (Amber and Matlock, 2011). 

 Despite the abundance of water resource on the earth, the cause of water shortage comes 
from the fact that most water on the earth is seawater. Of the total water resource on the earth, 
freshwater available to humans is extremely restricted as shown in Figure 2 (Chung et al., 
2014). Water shortage can be overcome by developing unutilized water resource and the easiest 
way would be underground development. However, underground water development brings 
about the adverse effects such as a reduction of river flowrate, a depletion of lakes or sink holes. 

 Certainly, the most realistic breakthrough to solve water shortage is seawater 
desalination and various processes have been used to obtain freshwater from seawater. 
Commercially, Seawater desalination process is classified into two processes called membrane 
and thermal process (Van der Bruggen and Vandecasteele,  2002). However, seawater 
desalination is a process that consumes a lot of energy no matter what process is adopted for 
seawater desalination. At present, the economics of seawater desalination process is generally 
evaluated by the concept of specific energy consumption (SEC), which means the energy 
required to produce 1 kg of freshwater from seawater (Chung et al., 2016; Choi, 2016). 

 Although many new technologies for seawater desalination such as membrane 
distillation, reverse osmosis using carbon nanotube and graphene or freshwater extraction from 
methane hydrate would be appeared in future (Chung et al., 2014), only commercial seawater 
desalination processes used in the present market are reviewed in the viewpoint of SEC. 
Furthermore, the reverse osmosis process for brackish water (BWRO) will not mentioned SEC 
in this review article since BWRO system obtains freshwater from the very low salinity water, 
not from seawater nearly with the salinity of 35,000 ppm. Since this review is concerned with 
SECs of the commercial seawater desalination processes, the characteristics of multi-stage 
flashing (MSF), multi-effect distillation (MED) and reverse osmosis of seawater (SWRO) were 
evaluated from the viewpoint of SEC. 

 In principle, thermal process for seawater desalination evaporates seawater and 
condenses the evaporated steam to obtain freshwater. Therefore, thermal process requires the 
thermal and electrical energies simultaneously. The former is for heating seawater and for 
maintaining the evaporating chambers in a vacuum state; the latter is mainly for transporting 
seawater and freshwater 

 Unlike thermal process, the reverse osmosis (RO) process can be simply referred as a 
mechanical filtration. In the RO process, the salty components are removed while seawater is 
passing through the molecular size holes formed on the membrane surface, which requires a 
very high pressure. 

 Although thermal process was dominant in seawater desalination market in the past, the 
RO desalination system has widely and broadly expands its influence on the market. Therefore, 
taking into account changes in seawater desalination market, it is very important to correctly 
analyze the strengths and weaknesses of each process and SEC at the planning stage of the 
project to construct seawater desalination plant. 

 In this review article, the characteristics of seawater desalination processes to be used 
at present were evaluated. Additionally, the operating principles of each process were also 
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described and so the authors are sure that this review is helpful to the engineers related with 
seawater desalination. 

 
 

  
Figure 1 Global physical and economic water scarcity. This figure was cited from the reference 
of Amber and Matlock (2011). 

 
 

  
 
Figure 2 Freshwater ratio to total water resource on the earth. This figure was cited from the 
reference of Chung et al. (2014). 
  Thermal Process 

As described briefly in the previous section, the typical thermal processes are MSF and 
MED shown in Figure 3 and Figure 4. Although the evaporating section consist of a few 
evaporating chambers, the MSF system is over 20 stages and the MED system is over ten stages 
in general. For the easy understanding of this review, it will be appropriate to mention the 
operating principles of each thermal process. 
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1. Multi-stage Flashing (MSF) Process  
The MSF system plant is shown in Figure 3 has a series of evaporators called stages, 

each evaporator is actually the heat exchanger coupled with an evaporator and a condenser. The 
brine heater, which is for heating seawater, is called a hot end and the last stage is a cold end 
while the intermediate stages have intermediate temperatures. Each stage has a 
different pressure corresponding to the boiling points of water at the stage temperatures. 

When the plant is operating in steady state, feeding seawater at the cold inlet 
temperature is pumped through the condenser tube banks installed at the top section of the 
stages and warms up. When it reaches the brine heater, it already has nearly the maximum 
temperature. In the brine heater, an amount of additional heat is added. After the heater, the 
seawater flows into the stages that have ever lower pressure and temperature. As it flows back 
through the stages the seawater is now called brine, to distinguish it from the inlet seawater. In 
each stage, as the brine enters, its temperature is above the boiling point at the operating 
pressure of the stage, and a small fraction of the brine boils (“flashes”) to steam thereby 
reducing the temperature until a thermal equilibrium is reached. The resulting steam is a little 
hotter than the feeding seawater in the condenser. The steam cools and condenses on the 
condenser tubes, thereby heating the feeding seawater as described earlier. 

The total evaporation in all the stages is up to approximately 15% of the seawater 
supplied to the system, depending on the range of temperatures and the stage number used. 
With increasing temperature there are growing difficulties of scale formation and corrosion. 
120 °C appears to be a maximum, although scale avoidance may require temperatures below 
70 °C (Chung et al., 2014; Chung et al., 2016; Choi, 2016). 

The feed water carries away the latent heat of the condensed steam, maintaining the low 
temperature of the stage. The pressure in each chamber remains constant as equal amounts of 
steam is formed when new warm brine enters the stage and steam is removed as it condenses 
on the condenser tubes. 

In the final stage, the brine and the condensate has a temperature near the inlet 
temperature. Then the brine and condensate are pumped out from the low pressure in the stage 
to the ambient pressure. The brine and condensate still carry a small amount of heat that is lost 
from the system when they are discharged. As seen in Figure 3, the thermal energy and electrical 
energies are required for operating the MSF plant. 
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2. Multi-effect Distillation (MED) Process 
The MED process has been used since the late 1950s and early 1960s. Multi-effect 

distillation occurs in a series of vessels (effects) and uses the principles of evaporation and 
condensation at reduced ambient pressure. The schematic of a horizontal tube Multi-Effect 
MED unit is presented in FIGURE 4. The steam enters into the plant through the first stage and 
is used to evaporate heated seawater. Unlike the MSF, the steam flows into the tube side in the 
MED system and the seawater is sprayed on the tube bank. The vapor evaporated on the tube 
outside is used for the heating source of the next stage and this skim is repeated from the first 
stage to the last stage. 

The MED technique is based on double-film heat transfer. Latent heat of steam is 
transferred at each stage by steam condensation through the heat transfer surfaces to the 
evaporated falling film of seawater. The process is repeated up to 16 times or more in existing 
plants between the upper possible temperature and the lower possible cooling water, which 
depends on seawater temperature used for cooling the water. The produced freshwater is the 
condensate that accumulates from stage to stage. A vacuum pump/compressor is used to 
maintain the gradual pressure gradient inside the vessel by removing the accumulated non-
condensable gases (NCGs) together with the remaining steam after the final condensation stage. 

The pressure gradient along the MED effects is dictated by the saturation pressure of 
the feed stream and the saturation pressure of the condensing steam exiting the last stage and is 
condensed by cooling seawater. The most distinct feature in the MED system is a thermos-
vapor compressor (TVC). As seen in Figure 4, the TVC is a steam ejector operated by the high 
pressure and high temperature steam supplied from a power plant. Its role is to make a suction 
of the steam from the final condenser and then mixing it with the high pressure and high 
temperature steam. By keeping that the mixed steam temperature is higher than the first effect 
operating temperature, the mixed steam can be used as the heating medium for the first effect. 
Since a part of steam is reutilized in the MED system, the MED system has generally higher 
thermal efficiency than the MSF system 

  
Figure 3 Schematic diagram of multi-stage flashing desalination system. This figure was 
cited from the reference of Chung et al. (2014).  
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1.  

 
In the MED system, the vapor compression can be achieved by adopting a mechanical 

vapor compressor (MVC) instead of the TVC. In such case, the energy efficiency can be more 
increased. However, the MED-MVC has a demerit due to a reduced stage number. Currently, 
three stages is a maximum application in the MED-MVC. 
 

3. Membrane Process-Reverse Osmosis 
The membrane processes for seawater desalination can be regarded as a filtration or 

separation basically. In general the membrane process has some advantages compared to 
thermal process. 

Firstly, freshwater separation is achieved on the basis of molecular size, shape and 
charge; it can be carried out at ambient or modest temperatures and therefore damage to heat. 

Secondly, since no change of phase is required, energy requirements are modest. 
Thirdly, the equipment used for desalination is modular and hence capacity is scaled up 

by using multiple units. 
Fourthly, the equipment is compact and system size is directly related to membrane 

surface area and therefore the space requirement is small. 
Fifthly, membrane process is not significantly affected by the feeding seawater 

temperature while the thermal processes are greatly affected by the feeding seawater 
temperature. 

Although already mentioned in the previous section, this review does not include the 
electro dialysis (ED) and the BWRO. Those two processes are not for seawater but for low 
salinity water such as brackish water. Since the purpose of this review is to compare the 
performances of the current desalination processes on the market, the SWRO system is only 
considered and described. 

As seen in Figure 5, the SWRO system consists of pre-treatment module, RO module 
and post-treatment module. The pre-treatment module has a role to transfer seawater, to settling 
it and to remove some suspended materials through the micro-filter (MF) module. Since the 
MF module removes micro-sized impurities from seawater, it protects the RO module 

 Figure 4 Schematic diagram of multi-effect distillation system. This figure was cited from 
the reference of Chung et al. (2014).  
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contamination and eventually plays a role to extend the operating lifetime of the RO 
membranes. In the SWRO system, water molecules are forcibly penetrated through the 
molecular sized holes on the membrane surface. Therefore, the high pressure pump over about 
80 bar∙g should be used. The post-treatment module is for sterilizing the produced freshwater. 

Unlike the thermal process, the required power in the SWRO system is only electricity 
for operating various pumps; the intake pump, the high pressure pump and service pump. At 
the current technology of SWRO membrane, 50 % of the seawater supplied to the SWRO 
module can be passing through the membrane, which is referred to the recovery ratio of 50 %. The produced freshwater is a little bit higher than the atmospheric due to a very high flow resistance when passing through the membrane. However, the rejected seawater not permeated through the membrane has the same pressure supplied by a high pressure pump. The high pressure held by the rejected seawater is high quality energy. Therefore, the recent SWRO system recovers the pressure energy from the rejected seawater by using energy recovery device, which is for reducing the energy to produce freshwater. 
 

 
Features of Seawater Desalination Processes  
For comparing each seawater desalination processes, the plant performance of seawater 

desalination has been evaluated by using various concepts. In the past, the concept of gained 
output ratio (GOR) was used in the thermal process. GOR is a measure of how much thermal 
energy is consumed in a desalination process. In other words, how many kilograms of distilled 
water are produced per 1 kg of steam consumed? However, the concept of GOR considers only 
the thermal energy. Considering even if the thermal process uses the thermal and electrical 
energies simultaneously for producing freshwater, GOR cannot be adequate standard to 
compare a plant efficient. 

Recently, Chung et al. (2016) and Choi (2016) introduce the concept of specific energy 
consumption (SEC) in the SI unit. According to their definition, the SEC means the energy 
expressed in Joule to produce 1kg of freshwater from seawater. Therefore, the concept of SEC 
can be applied not only the thermal process but also the membrane process. 

  
Figure 5 Schematic diagram of reverse osmosis system. This figure was cited from the 
reference of Chung et al. (2014). 
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Table 1 shows the features of each seawater desalination process and the SECs of 
commercial seawater desalination processes that are surveyed in some typical researches 
(Glueckstern, 1982; Uche et al., 2001; Miller, 2003; National Water Commission, 2008; Chung 
et al., 2014). 

 
Table 1 Typical features of seawater desalination processes. 

Description MED-TVC MSF SWRO 
Capacity (MIGD)[1] 18 MIGD 8 MIGD 5 MIGD 
Plant expandability Not good Not good Good 

Allowable TDS 
(ppm) 

30000-50000 30000-50000 30000-45000 
Raw water pre-

treatment 
Low requirement Low requirement Very high 

requirement 
Operating 

temperature (oC) 
< 70 < 120 Ambient 

Raw water utilization 
efficiency[2] 15-40 % 12-25 % 35-40 % 

Produced water 
quality in TDS 

(mg/liter) 
5-10 5-10 300-500 

Main energy 
source[3] 

Heat and Electricity Heat and Electricity Electricity 
Specific energy 

consumption 
(kWh/m3) 

10-16 6-12 4-5 
Construction cost 

(US$/m3/day) 1200-1500 900-1000 700-900 
Operating cost 

(US$/m3) 1.1-1.25 0.8-0.9 0.7-0.9 
[1] 1 MIGD=4,542 m3/day. 
[2] The ratio of produced freshwater to supplied seawater. 
[3] Heat means the thermal energy and the electrical energy is required to operate the pumps, 
instrumentation and control room.  
Results and Discussion  
 

As seen in Table 1 of the previous section, the thermal processes are inferior to the 
SWRO system in all aspect even though the MSF system is still major seawater desalination in 
the Gulf countries. In the past, the RO membrane was highly expensive and the production rate 
of freshwater was low. For increasing the production rate of freshwater, a more high pressure 
should be applied to seawater, which causes the rapid contamination of SWRO membrane. The 
high procurement cost and the short period of SWRO membrane replacement bring about the 
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construction and operating costs, which resulted in a low competiveness compared to the 
thermal process up to early 1990s. 

However, with the advancement of nano technologies, the unit price to purchase the RO 
membrane has been sharply decreased from the end of 1990s. Furthermore, the increased 
porosity formed on the membrane surface makes it possible to increase the freshwater 
production rate with a lower discharge pressure of a high pressure pump. Due to the reduced 
membrane cost and the increased freshwater productivity, the SWRO system had been 
dominant in seawater desalination market from the mid of 1990s as shown in Figure 6. 
Furthermore, since the energy recovery device for recovering the high pressure energy from the 
rejected seawater is still improved, there is a room for further reduction of SEC in the SWRO 
system. 
 

 
Although it can be confirmed that the SWRO system is the most efficient among various 

seawater desalination processes at present, the engineers should pay attention to the 
characteristics of SWRO. The weak point of SWRO is sensitive to the quality of raw seawater. 
If raw seawater quality is bad, the SWRO module is rapidly contaminated and the module 
replacement period is shortened. This would be the cause of the increased operating cost. 
Additionally, the produced seawater quality from SWRO is much lower than that of the thermal 
process as seen in Table 1. The quality over 100 ppm cannot be used for demineralized cooling 
water or boiler make-up water of mechanical equipment, which means that the freshwater 
produced from SWRO is not proper for the plant operation. 

At present, the temperature effect of raw seawater on SWRO membrane is not 
investigated in detail. If the temperature of raw seawater is high, the porous hole size formed 
on the membrane certainly gets larger. The increased hole size facilitates the penetration of 
seawater through SWRO membrane and increases freshwater production rate. This will make 
the produced freshwater quality degrade and reduce the power of a high pressure pump at the 
same time. If mentioning more specifically, the freshwater quality produced from SWRO is 
declined, the freshwater production rate is increased and the pump power is reduced with the 
raw seawater temperature. Therefore, the engineers related to seawater desalination deeply consider raw seawater quality, the usage of the produced freshwater, the capacity, available energy sources, future 

    
Figure 6. Trends of seawater desalination market (Right figure was based on 2013 in 
China). This figure was cited from the reference of (H. S. Chung et al., 2014). 
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expandability and so on. The authors are sure that Table 1 provides highly useful information with the engineers when they begin the project for constructing a seawater desalination plant.  Acknowledgment  
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Triploid Induction by the Use of 6-dimethylaminopurine  (6-DMAP) for the Tropical Oyster, Crassostrea belcheri  (Sowerby, 1871) 
 

Supatcha Chooseangjaew 1, 2 *, Suwat Tanyaros1, Worawut Koedprang2 and  
Alongklod Tanomtong3  ABSTRACT   Currently, numerous methods for triploid induction both physical and chemical such as pressure, caffeine, CB and 6- DMAP were used and successful in bivalves.  In this study, 

triploidy oysters were induced by chemical treatment with 6- dimethylaminopurine ( 6-
DMAP) .  6- DMAP was carried out on strip- spawned method of the tropical oyster, C. 
belcheri.  Three levels of 6-DMAP concentration (100, 200 and 300 µM) , three levels of time 
after fertilization (30, 40 and 50 min), and two levels of exposure duration (5 and 10 min) were 
operated.  Triploid percentage, survival rate, and yields of triploid were examined in the short 
term at trochophore stage.  The result showed that the highest triploid percentage at 100 µM 6-
DMAP, 30 min after fertilization and 10 min exposure was 86.99±2.45% (P< 0.05) .  Moreover, 
the highest survival rate was recorded for the control (54.00±7.45%)  and 100 µM 6-DMAP, 50 
min after fertilization and 5 min exposure ( 54. 00±2. 74% )  while the survival rates in other 
experimental unit ranging from 34.13±5.11- 53.25±16.27 %. The highest triploid yield was found 
at 100 µM 6-DMAP, 50 min after fertilization and 5 min exposure (43.68±2.44%).   Moreover, 
tetraploid and pentaploid can be detected from triploid induction with 6-DMAP.  In addition, 6-
DMAP is safer to handle and easily used.  This research enables the future consideration of the 
triploid performance and improves survival rate and growth rate in commercial aquaculture of oyster and other shellfish.    
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Introduction 
 
 Chromosome manipulations are useful in mollusk aquaculture because of their faster 
growth, improved meat quality and reduced sexual maturation.  In oysters, triploidy has been 
induced and evaluated in Crassostrea gigas, (Allen and Downing, 1986; Downing and Allen, 
1987; Guo et al., 1996) C. virginica (Stanley et al., 1981; 1984), Saccostrea sp. (Nell et al., 1994; 
Cox et al., 1996; Hand et al., 1998),  Ostrea edulis (Gendreau and Grizel, 1990; Hawkins et al., 
1994) and C. madrasensis (Mallia et al., 2006).Triploid oyster can be produced by two methods 
as inhibiting first or second polar body formation after fertilization and used the tetraploid 
broodstock. Inhibiting polar body formation utilized by chemical treatment during meiosis lead 
to the retention of the maternal chromosome set.   Successful induced triploidy using 
cytochalasin-B (CB) in C.gigas, C. virginica, S. glomerata and O. edulis and clams (Allen et al., 
1989; Dufy and Diter, 1990; Nell, 2002). There are two problems in producing triploids by this 
method.  The first is that it does not produce 100% triploids.  The second is that the chemical 
cytochalasin B is carcinogenic and although it is only used in the fertilization of the animals 
and hence poses little possibility of carrying over a toxic effect, there has been concern of 
repercussions from the public (Guo, et al., 1996). The puromycin analog 6-dimethylaminopurine ( 6- DMAP)  is less frequently used, but has been revealed to highly efficiency for triploid 
induction in C.  gigas, Mytilus edulis and Argopecten magellanicus confirmed in this chemical (Desrosiers et al.  1993) .  The activity of 6-DMAP is meiotic block of microtubule formation 
within the metaphase spindle (Neant and Guerrier, 1988). These agents have advantages of being 
water-soluble which can be easily washed off from the embryo after treatment, safer to use than 
CB and is not a carcinogen (Hand et al. , 2004; Thomas et al. , 2006) .  Moreover, It is easy to 
handle which 6-DMAP treatment process can be carried out without any additional facilities, 
even at room temperature.   
      Tropical oyster, C.belcheri, is one of the most commercially important bivalves in Thailand. 
The majority of spat for grow-out farms are collected from natural sources, but the amount of 
oyster seed produced from those sources is limited and insufficient.  Oyster seed production 
from hatcheries is being developed and is the subject of great interest in Thailand.  This study 
describes further experiments conducted to suitable technique for the triploid production of 
C.belcheri by examining the dosage, timing and duration of embryo treatment with 6-DMAP. 
 
Materials and Methods 
 
 1. Broodstock collection, fertilization and gamete handling               The broodstocks of C.  belcheri were collected from oyster farm at Kantang district, 
Trang province, southern of Thailand for induction experiment.  The oysters were cleaned and 
acclimated in sand- filtered seawater ( 30 psu)  in the hatchery.  Gametes were obtained from 
sacrificed oysters and sex 2.was determined under compound microscope.  Male and female 
gametes were separately stripped into 30 psu filtered (1 μm) and UV-treated seawater. The eggs 
were filtered through screen at pore size 70-90 µm, while sperms were filtered by 20-30 µm to 
remove debris and meat prior to fertilized using 1 male:  4 females.  After 10 minutes, fertilized 
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eggs were filtered by 20-30 µm to remove excess sperm and prevent polyspermy. The fertilized 
eggs were stocked for further development in filtered (1 μm)  and UV-treated seawater in 10 L 
plastic container before experiment. 
 2. Triploid induction 
        The bottom off plastic vial (35 ml)  and closed by screen at pore size 20/30 µm was 
designed to use as the sample container. The 100,000 fertilized eggs were taken to each sample 
container after fertilization for 15 mins.  The samples were kept in filtered sea water (30 psu)  at 
room temperature and gently aeration to prevent eggs settles to the bottom.  The samples were 
exposed to three concentrations of 6- DMAP ( 100, 200 and 300 µ M) , three times post 
fertilization (30, 40 and 50 min)  and two levels of duration (5 and 10 min) .  After treatment, the 
samples were then moved into filtered sea water as same as the previous condition. The 3 × 3 × 
2 factorial in completely randomized design (CRD)  was set up as experimental design.  Each 
treatment was triplicates. When the embryo was reached to trochophore stage or 6 hr after 
fertilization, the larval sample in each vial was randomized to count and then the survival rate 
was calculated.  
 3. Chromosome preparation and ploidy determination 
        The larval sample at swimming trochophores stage from each treatment in sea water 
was moved, and soaked in 0.02 % colchicine for 90 minutes. Then, the samples were rinsed with 
clean filtered sea water about 2-3 times for cleared out of the colchicines, and followed by 
hypotonic treatment in 0.075% KCl for 40 min at room temperature and continuously shaken for 
prevent cell sedimentation. Next, the samples were transferred to Carnoy’s fixative solution (3:1, 
absolute methanol and glacial acetic acid)  for 5-10 minutes.  Afterwards, 15-20 drops of 50% 
glacial acetic acid was added to 0. 2 ml of sample on plate for 10- 20 minutes.  The cell 
suspensions were dropped by pipette on a clean and warm slide at 50-60ºC. The slides were air 
dried and stained using 20% giemsa in phosphate buffer (pH 6.8) for 40 minutes. Later, the slide 
was gently rinsed with fresh water, and was air dried at room temperature.  Fi n a l l y,  t h e 
chromosomes both control and treated batch were examined and counted in metaphase plates 
for determination the ratio of triploid under compound microscope at magnification 400 ( Olympus, CH30, Japan) .  In this study, the number of ploidys was classified follow by 
Yamamoto et al.  (1988) , diploid (2n)  =  18-21 chromosome, triploid (3n)  =  25-34 chromosome, 
tetraploid (4n) = 35-44 chromosome, pentaploid (5n) = 45-64 chromosome.  
 4. Statistical Analysis 

The data of triploid percentages, survival rate, yields and polyploidy percentage of 
trochophore stage were performed to analysis of variance ANOVA.  When the ANOVA 
presented significant differences among means, the Duncan's New Multiple Range Test (DMRT)  was applied.  Significance level was set at P<0.05 for all tests.  The analyses were 
performed using the IBM SPSS Statistics 20.  
 
Results 
  Significant differences (P<0.05) were found in triploid percentage, survival rate, and 
yields of triploidy (Table 1.). The result of triploid percentage reported that highest triploid 
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percentage at 100 µM of 6-DMAP, 30 min after fertilization and 10 min exposure duration (86.99±2.45%) while there was no difference (P>0.05) with 100 µM, 30 min after fertilization 
and 5 min exposure duration (83.01±1.52%) and 100 µM, 50 min after fertilization and 5 min 
exposure duration (81.00±5.29%). The lowest percentage of triploid was presented in 300 µM 30 
min after fertilization and 10 min exposure duration (43.85±12.28%). Moreover, triploid 
percentage in trochophore stage was slightly decreased when high concentration (P<0.05). 
 The highest survival rate of the trochophore stage presented in control batch  (54.00±7.45%), and no significant difference (P>0.05) with 5 treatment including 100 µM, 50 
min after fertilization and 5 min duration exposure (54.00±2.74%), 200 µM, 30 min after 
fertilization and 5 min duration exposure (53.25±16.27%), 200 µM, 30 min after fertilization and 
10 min duration exposure (53.25±6.76 %),  200 µM, 40 min after fertilization and 10 min duration 
exposure (52.50±7.65%), and 300 µM, 30 min after fertilization and 5 min duration exposure (52.87±3.75 %)  and lowest was showed in 300 µM, 50 min after fertilization and 5 min duration 
exposure (34.13±5.11%). 
 The highest triploid yields of trochophore stage was achieved at 100 µM, 50 min after 
fertilization and 5 min exposure duration (43.68±2.44%), and lowest at 300 µM, 50 min after 
fertilization and 5 min exposure duration (21.12±6.80%). Moreover, the trend of yield of triploid 
was declined when concentration increased. In addition, the triploid yields at 100 µM 6-DMAP (35.61%) was showed higher average than those of 200 (29.72%) and 300 µM (26.03%). There was 
no significant of average triploid yield between concentration of 6- DMAP at 200 and 300 µM.   Moreover, the effect of triploid induction with 6-DMAP can induce another polyploidy 
as; tetraploid and pentaploid in the all experiment units. Highest production of tetraploid was 
revealed in 200 µM, 40 min after fertilization and 10 min duration exposure (31.94±13.86%) and 
the high result of pentaploid from triploid induction was found at 300 µM, 30 min after 
fertilization and 10 min duration exposure (26.73±7.86%). All results from triploid induction with 
6-DMAP was shown in Table 1. 
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Table 1  Triploidy percentage, survival rate, yields and percentage of polyploidy of the Tropical 
oyster C. belcheri induced by 6-DMAP.  

 * Xഥ ±SD, values with the superscript are not significant different (P>0.05),     TAF= Time after fertilization   
 
 Effect of one factor of concentration, two interaction of concentration and time after 
fertilization, three interaction of concentration, time after fertilization and exposure duration 
were revealed that significant different (P<0.05) on triploid percentage, while the result showed 
that two interaction of concentration and time after fertilization had significant main effect on 
survival rate (P<0.05). Only one factor of concentration was presented that significant different (P<0.05) on triploid yields. All results from three-way ANOVA were shown in Table 2. 
 
 
 
 
 

6-
DMAPC

onc.  (µM) 
TAF  (min) Exposure 

duration (min) 3n (%) Survival rate (%) Yields  
of 3n (%) 4n (%) 5n (%) 

Control - - - 54.00±7.45a - - - 
100 30 5 83.01±1.52ab 43.88±16.99abc 36.4±14.13ab 15.92±0.56cd 1.06±1.25d 

  10 86.99±2.45a 35.63±6.29bc 31.05±5.92bc 11.89±1.90d 1.11±1.48d 
 40 5 74.1±12.85cd 48.00±10.03abc 36.05±12.4ab 23.32±9.83abcd 2.62±3.40cd 
  10 79.52±4.59bc 45.00±6.36abc 35.63±3.94ab 17.51±4.72bcd 2.96±4.19cd 
 50 5 81.00±5.29ab 54.00±2.74a 43.68±2.44a 15.99±4.12cd 3.00±2.97cd 
  10 67.09±3.63de 46.60±13.96abc 30.85±7.84bc 21.55±1.37abcd 11.35±4.12bcd 

200 30 5 63.16±4.54de 53.25±16.27a 33.9±11.91abc 23.82±3.93abc 13.02±4.65bc 
  10 65.10±6.24de 53.25±6.76a 34.51±3.63abc 24.22±5.63abc 10.67±2.75bcd 
 40 5 58.39±10.73e 40.13±9.20abc 24.13±9.51bc 30.18±10.36a 11.43±9.31bcd 
  10 56.81±11.80e 52.50±7.65a 29.58±6.63bc 31.94±13.86a 11.25±5.37bcd 
 50 5 61.57±6.71e 49.50±9.41ab 30.85±8.93bc 28.00±4.65ab 10.42±2.90bcd 
  10 63.75±5.54de 40.13±8.43abc 25.33±4.01bc 27.50±3.76abc 8.74±7.21bcd 

300 30 5 64.97±5.19de 52.87±3.75a 34.25±1.94abc 26.91±3.36abc 8.11±5.98cd 
  10 43.85±12.28f 50.63±6.41ab 22.29±6.97c 29.42±5.57a 26.73±7.86a 
 40 5 56.91±9.01e 46.88±7.39abc 26.36±3.58bc 30.47±11.58a 12.61±3.71bc 
  10 56.85±8.69e 45.00±4.24abc 25.65±5.14bc 30.10±5.39a 13.04±7.91bc 
 50 5 63.8±12.45de 34.13±5.11c 21.12±6.80c 16.98±12.9bcd 19.1±15.85ab 
  10 68.58±4.72cde 37.13±4.31bc 25.52±3.88bc 28.03±2.57ab 3.39±3.99cd 
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Table 2 Analysis of variance for the effect of concentration, time after fertilization and     
 Exposure duration on triploid percentage, survival rate, and yields of polyploidy of the                 Tropical oyster C.belcheri induced by 6-DMAP.   
 

Three-way ANOVA 
 

3n (%) Survival 
rate (%) Yields of 3n (%) 4n (%) 5n (%) 

Conc P<0.05 P>0.05 P<0.05 P<0.05 P<0.05 
Time AF P>0.05 P>0.05 P>0.05 P<0.05 P>0.05 
Duration P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 
Conc* Time AF P<0.05 P<0.05 P>0.05 P>0.05 P>0.05 
Conc* Duration P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 
Time AF* Duration P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 
Conc* Time AF* Duration P<0.05 P>0.05 P>0.05 P>0.05 P<0.05 

 
 Discussion 
 
 This study is first reported of triploid induction in Tropical oyster C.belcheri using 6-
DMAP in Thailand. Numerous studies on the triploid induction in bivalves such as abalone, 
clam, oyster and scallop have shown that many methods both physical and chemical can be used 
and shown that resulted in different percentage, survival rate and yield of triploids. Successfully 
triploid induction in bivalves using 6-DMAP showed in many researches. This chemical have 
been inhibited extrusion of PB I, PB II and first cleavage. Moreover, the performance of 6-
DMAP was similar with other chemical as CB for triploid induction. This study shows optimal 
treatment for triploid percentage is 100 µM 6-DMAP, 30 min after fertilization and 10 min 
exposure duration, which shown highest triploid (86.99%) in C. belcheri. However, the result 
showed higher triploid percentage than in C. madrasensis at 100 µM of 6-DMAP (Thomas et al., 
2006). Moreover, the study on C.gigas have yielded 56.49 -99% triploidy at tests range 300-450 
µM of 6-DMAP (Desrosiers et al., 1993; Gerard et al., 1994; Gerard et al., 1999; Melo et al., 
2015). In addition, the study on triploid induction in other bivalves species with 6-DMAP 
induction at 400 µM on scallop P. magellanicus showed 95% triploid (Desrosiers et al., 1993). 
While, triploid level about 92% was reported for geoduck clam P. abrupta at 600 µM 6-DMAP (Vadopalas and Davis, 2004).   This study showed that highest survival rate were recorded for the control group and 
100 µM 6-DMAP to induce triploidy (54%) at trochophore stage in the tropical oyster, C.belcheri. 
While, the study by Thomas et al. (2006), the survival rate of C. madrasensis of the larvae in the 
first day was 59.52% at 100 µM 6-DMAP. Moreover, a study on geoduck clam P. abrupta at 3-
day-old (Vadopalas and Davis, 2004) and abalone, Haliotis rubra at 7-day-old was 30% at 600 
and 150 µM 6-DMAP, respectively (Liu et al., 2004). However, this study showed that lower 
survival rate than some previously research probably due to gamete from stripped method were 
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used, the quality of gamete was incomplete and led to eggs were not well-synchronized and the 
techniques in handling the gamete should be repeated rinsing with sea water after soak in 
chemical treatment to prevent the residues from this agent.  The analysis of variance indicated that the concentration of 6-DMAP was increased from 
100-300 µM 6-DMAP, level of triploid percentage decreased from 78.62 to 59.18%, while 
concentration of 6-DMAP was increased from 150-600 µM 6-DMAP showed that triploid 
percentage have been increased from 40% to 83% (Gerard et al., 1994). Moreover, reduction of 
exposure duration consistent increased survival larvae (Vadopalas and Davis, 2004).  Moreover, triploid induction using 6-DMAP showed that the performance of  
6-DMAP depends on the synchrony of meiosis in the eggs (Downing and Allen Jr, 1987) , 
duration of time after fertilization and duration of exposure, so accurate time at which  
6-DMAP should be related with meiosis process in bivalve eggs.  Furthermore, the period to 
development meiosis process of oyster from strip method was not well synchronized led to 
meiosis I and meiosis II have been overlapped.  So, increases duration of exposure of 6-DMAP 
get better the production of triploid in eggs bivalves. 
 In addition, these results agree with Gerard et al.(1994) reported that, triploid percentage 
depends on 6-DMAP dosage, time after fertilization and duration treatment. So, main factor for 
induce triploidy as low cost, high production achieved almost 100%. Melo et al.(2015), reported 
that high mortality induce triploid using 6-DMAP when compared with other chemical as CB. 
However, CB is higher cost, higher hazard and high toxicity to human and environment. 
 Although caffeine, CB and 6-DMAP are toxic and carcinogen for induce triploidy in 
bivalves, only 10-40 min for treated duration of fertilization eggs to these chemical, so that, no 
chemical residues need to be considered for the adult bivalves used for human consumption (Nell et al., 1996). Moreover, triploid production in marine bivalves was 90-95% using 6-DMAP; 
this chemical showed high performance and safe alternative method for induce triploid in 
commercial aquaculture (Desrosiers et al., 1993).  
 In this study we estimated triploid percentage, survival rate, and yield production in 
trochophore stage by chromosome counting.  Further studies need to examine the growth rate 
and each stage of survival for guidelines to improved commercial aquaculture in oyster and 
other shellfish. 
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 Genetic Variability, Heritability and Genetic Advance among 
Yardlong Bean Lines 

 
Pramote Pornsuriya1* Pornthip Pornsuriya1 and Anucha Julakasewee1 

 ABSTRACT 
 Yardlong bean is one of the most important vegetable cultivated in Thailand. Better understanding on the variability existing in a yardlong bean base population is significant to crop improvement and for plant breeders to exploit in breeding program. This study aimed to estimate the magnitude of genetic variability, heritability and genetic advance for yields and pod characters of 30 yardlong bean F3-lines selected from the cross of 2 parental lines (Bangpra#2 x Bangpra Purple). The experiment was laid out in a randomized complete block design with 2 replications. The results revealed that there was no significant difference (P > 0.05) among the F3-lines tested for yield, seeds per pod and pod weight, but significant difference (P < 0.05) obtained for pod width and pod length. Genotypic coefficient of variance (GCV) was much lower than phenotypic coefficient of variance (PCV) for all these characters, corresponding with their low broad-sense heritability values, indicating high environment effect on the expression of these characters. The values of genetic advance as percent of the mean (GAM) for pod width, pod length, seeds per pod, pod weight and yields were 4.23, 4.80, 0.37, 6.12 and 2.15 %, respectively (at 5% selection intensity). However, yields among the 30 F3-lines ranging from 9.49 to 15.65 ton/hectare signified the phenotypic variability available for elite line selection.  Keywords: Yardlong Bean, Heritability, Genetic Gain                    ---------------------------------------------------------------------------------------------------------------- 
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Introduction  
 Yardlong bean (Vigna unguiculata ( L.) Walp. subsp. sesquipedalis (L.) Verdc.) ( Stephens, 2 0 0 3 ; Porcher, 2005) is belonging to a member of the Fabaceae family (United States Department of Agriculture, 2007). It is one of the most important vegetable crops widely grown in all seasons throughout Thailand. Yardlong bean is a highly nutritive vegetable containing digestible protein, thiamin, riboflavin, calcium, phosphorus, sodium, potassium, magnesium, iron and a very good source of Vitamin A and C (National Research Council, 2006). It is considered promising good income to farmers so that it is commonly cultivated by many vegetable farmers in Thailand.   To select new elite lines from a parental cultivar in a self-pollinated crop as yardlong bean is hardly successful because of its homozygosity. Hybridization of two or more appropriate parental cultivars to create genetic variability for selecting better genotypes is one of the effective methods in self-pollinated crops. The variability existing in a base population of crop is significant so that it can be exploited by plant breeders for crop improvement. The apparent variation, known as phenotypic variation, depends upon the genotypic composition of the population and the environment in which it is raised. Variation arising due to differences in genotypic composition of individuals in a population is known as genotypic variation (Agrawal, 1998). Moreover, to achieve the goal of breeding program depends not only on the amount of variation existing in a crop but also on the magnitude of genetic variation which is heritable from the parent to the progeny (Bello et al., 2014).  Heritability estimate of a character is important for plant breeders since it provides information on the extent to which a particular character can be transmitted from the parent to the progeny (Poehlman and Sleper, 1995). In view of these, the present study aimed to estimate the variability, heritability and genetic advance for yield and pod characters in 30 F3-family lines of yardlong bean. This yardlong bean study was based on the previous breeding program of the department, which obtained some elite lines properly used for crossing in order to make use for the next breeding program.  Materials and Methods  
Experimental Procedures: The study was carried out at Department of Plant Production Technology, Faculty of Agriculture and Natural Resources, Rajamangala University of Technology Tawan-ok, Chonburi, Thailand, during February – April 2017. Thirty genotypes of F3-family lines selected from the cross of 2 parental elite lines of the breeding program (Bangpra#2 x Bangpra Purple). The experimental design was randomized complete block design with 2 replications. The experimental plot unit was 1 m x 3 m in size having 0.5 m wide drains between 2 adjacent beds and 0.75 m wide drain between blocks. Plants were grown in a 2-row bed using plastic mulch, with 50 cm hill spacing and 75 cm row spacing, 2 plants per hill, totally 24 plants per plot, under trellising system using bamboo stakes. Manures and fertilizers were applied as per recommended dose. Recommend practices were followed to raise a good crop. Data on the pod characters (fresh marketable pod), namely pod width (cm), pod length (cm), seed number per pod and pod weight (g) were recorded from 10 selected pods of each plot. Yield per plot was collected from fresh pod weight of each plot for 5 weeks and it was calculated to yield per hectare (ton/hectare). Estimation of Genetic Parameters: The recorded data were subjected to analysis of variance in RCBD and means were compared using Duncan’s new multiple range test (DMRT) (Gomez and Gomez, 1984). The mean squares were used to estimate genotypic and phenotypic variances according to Sharma (2008) as the following formulas.  



Proceedings of the 9th Rajamangala University of Technology International Conference   191  
 

 
RMUT Driving Innovation for Thailand 4.0   

 
 Genotypic variance (σୋଶ )  =  ୗ (ୣ୬୭୲୷୮ୣ)ି ୗ(ୣ୰୰୭୰)

୳୫ୠୣ୰ ୭ ୰ୣ୮୪୧ୡୟ୲୧୭୬ୱ  
 
 Phenotypic variance (σଶ) =  σୋଶ  + (MS(error)/r) 
 
 Genotypic Coefficient of Variability (GCV)   =  [( ඥσୋଶ  )  xത ] x 100 
 
 Phenotypic Coefficient of Variability (PCV)  =  [( ඥσଶ  )  xത ] x 100 
 
Estimation of Heritability in Broad Sense (۶ܛ܊ ): Heritability in broad sense was estimated 
and expressed in percentage according to Falconer and Mackay (1996).   
 Heritability in Broad Sense (Hୠୱଶ )  =  σG2σP2

 x 100 
 Estimation of Genetic Advance (GA) and Genetic Advance as Percentage of the Mean (GAM): Genetic Advance (GA) and Genetic Advance as Percentage of the Mean (GAM) at 5% selection intensity were determined as described by Allard (1960):  
      GA  = K (σ ) Hୠୱଶ  
 
 GAM (%) = ୋ

 ୶ത    x 100 
 
Where: K = 2.06 at 5% selection intensity; σ  = the phenotypic standard deviation of the 
character; xത = grand mean of a character. 
 Results and Discussion  
Analysis of variance and mean comparison  The analysis of variance revealed significant differences (P < 0.05) for pod width and pod length, but no significant difference for seed number per pod, pod weight and yield (Table 1), suggesting the adequate amount of genetic variability for pod width and pod length among F3-lines that may be helpful for improvement these characters. The highest pod length was recorded from line F3-2/8 (67.55 cm), while, the minimum was observed from line F3-5/25 (51.85 cm). Number of seed per pod was observed from 14.70 seeds/pod of F3-2/3 line to 19.45 seeds/pod of F3-1/34 line. Pod weight ranked from 20.00 g/pod of line F3-1/17 to 39.00 g/pod of line F3-1/26 and had an average of 26.15 g/pod. Pod length was the important character that positively correlated to yield of yardlong bean according to the study of Kanhong and Pornsuriya (2014). Yield data ranging from 9.49 to 15.65 t/ha signified the phenotypic variability available for elite line selection. The first and second highest yield was recorded for lines F3-4/33 and F3-5/14 (15.65 and 14.44 t/ha, respectively), whereas the lowest was observed for line F3-5/25 (9.49 t/ha).      
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Estimates of variance components 
 Genotypic variance (σୋଶ ), phenotypic variance (σଶ), genotypic coefficient of variation 
(GCV) and phenotypic coefficient of variance (PCV) were estimated and shown in Table 2. Genotypic variance value is the inherent or genetic variability which is more useful to a plant breeder for exploitation in selection or hybridization (Singh and Narayanan, 2013). To compare the magnitude of variance among characters, GCV and PCV were the appropriate values to be used instead of variance values because they were adjusted to the same unit as percent. As expected, PCV was greater than GCV for all characters. The estimates of GCV for all characters were low as indicated by Sivasubramanian and Menon (1973) ranging from 1.48% of number of seed per pod to 8.44 % of pod weight. PCV estimates ranged from 10.65% of pod width to 23.98% of pod weight.   Heritability  Heritability in broad sense is the ration of genotypic variance to the phenotypic variance or total variance, and it is generally expressed in percent. It is a good index of the transmission of characters from parents to their offspring (Falconer, 1981). As comparison among these 5 characters, pod length possessed the highest heritability value (20.17%) followed by pod width (19.26%), whereas the lowest heritability value was recorded for number of seed per pod (1.48%). However, heritability values of all characters were classified as low heritability according to Singh (2001) that heritability values greater than 80% were high, values from 60-79% were moderately high, values from 40-59% were medium and values less than 40% were low. From the study, heritability values were low because the base population studied was the F3 generation that genetic variability was lower than that of F2. Moreover, the heritability values estimated in this study calculated from the mean of all plants from each plot unit, where an individual plant still had more variability. From this reason, the selection in this generation should be conducted from the individual plant instead of each family line. The low heritability values in this study conformed to the results of Sarutayophat and Nualsri (2010) which reported that low heritability for pod yield per plant was found in F4 populations. The previous studies of Vidya et al. (2002) and Rambabu et al. (2016) reported the high heritability for all studied characters because the populations they studied were various local cultivars that generally possessed high genetic diversity. High broad sense heritability only may not be reliable for selection, because it is based on total genetic variance which includes both fixable (additive) and non-fixable (dominance and epistatic) variances (Singh and Narayanan, 2013). However, genetic effects of self-pollinated crop as yardlong bean should be mostly influenced by additive genes under the assumption of this study thus heritability in broad sense might be primary used for the breeding program.  
Table 1 Performance mean of 30 F3-progeny lines for pod characters and yield 
 
Treatment/ 
F3-progeny line 

Pod width 
(cm) 

Pod length 
(cm) 

Seed/pod 
(seed) 

Pod weight 
(g) 

Yield  
(t/ha) 

T1 F3-4/1 0.62 a-e 55.28 b-e 17.35 22.00 11.88 
T2 F3-3/20 0.71 ab 52.48 de 16.20 24.50 11.06 
T3 F3-3/33 0.62 b-e 54.95 b-e 15.45 22.50 11.24 
T4 F3-1/22 0.63 a-e 63.45 abc 16.50 28.00 12.69 
T5 F3-4/33 0.62 b-e 60.50 a-e 17.30 27.50 15.65 
T6 F3-1/26 0.69 abc 66.80 a 19.10 39.00 12.62 
T7 F3-4/13 0.64 a-e 62.50 a-d 18.70 27.00 11.77 
T8 F3-3/3 0.57 de 60.25 a-e 18.95 24.50 14.10 



Proceedings of the 9th Rajamangala University of Technology International Conference   193  
 

 
RMUT Driving Innovation for Thailand 4.0   

T9 F3-3/30 0.64 a-e 58.75 a-e 16.55 28.50 11.52 
T10 F3-5/14 0.64 a-e 64.93 ab 17.80 32.00 14.44 
T11 F3-1/17 0.58 de 55.08 b-e 15.50 20.00 11.94 
T12 F3-1/23 0.62 a-e 55.53 b-e 17.80 23.50 13.26 
T13 F3-4/15 0.66 a-d 59.55 a-e 18.30 27.50 12.99 
T14 F3-3/29 0.55 e 54.95 b-e 17.60 21.50 12.57 
T15 F3-1/7 0.63 a-e 54.30 cde 16.85 24.00 12.61 
T16 F3-1/34 0.63 a-e 62.43 a-d 19.45 28.50 14.13 
T17 F3-2/8 0.59 cde 67.55 a 16.80 29.00 13.32 
T18 F3-3/32 0.61 b-e 57.70 a-e 18.25 27.50 10.86 
T19 F3-2/26 0.61 b-e 53.73 cde 17.20 24.00 11.20 
T20 F3-3/26 0.63 a-e 58.30 a-e 15.50 24.50 10.32 
T21 F3-5/17 0.72 a 56.20 b-e 15.95 28.50   9.90 
T22 F3-5/26 0.61 b-e 61.20 a-e 17.05 27.00 12.47 
T23 F3-2/6 0.59 cde 60.45 a-e 18.30 29.50 11.97 
T24 F3-2/3 0.60 cde 53.43 cde 14.70 24.00 12.25 
T25 F3-5/32 0.63 a-e 61.75 a-e 17.75 28.00   9.98 
T26 F3-5/13 0.62 a-e 57.28 a-e 17.35 26.00 13.34 
T27 F3-5/31 0.57 de 62.38 a-d 17.40 25.50 11.63 
T28 F3-5/25 0.54 e 51.85 e 14.90 21.00   9.49 
T29 F3-5/1 0.56 de 53.53 cde 17.20 21.00 11.94 
T30 F3-5/5 0.64 a-e 60.65 a-e 16.90 28.50 12.29 
Mean ± S.E. 

0.62± 0.007 58.59±0.782 17.16±0.222 26.15±0.701 
12.18 
±0.255 

Minimum 0.54 51.85 14.70 20.00   9.49 
Maximum 0.72 67.55 19.45 39.00 15.65 
F-test     *     *  ns ns ns 
CV (%) 6.82 7.29   9.81 16.98 14.94 

 ns and * = not significant and significant at P < 0.05, respectively 
 
Table 2 Estimates of variance and genetic parameters for pod characters and yield in 30 F3-progeny lines 
 

Genetic 
parameters 

Pod width 
(cm) 

Pod length 
(cm) 

Seed/pod Pod weight 
(g) 

Yield 
(t/ha) 

σୋଶ  0.001   9.24 0.06   4.87 0.30 
σଶ  0.004 45.83 4.38 39.31 5.57 

GCV (%)   4.68   5.19 1.48   8.44 4.50 
PCV (%) 10.65 11.55       12.20 23.98 19.37 
Hୠୱଶ  (%) 19.26 20.17 1.48 12.39 5.39 
GA   0.03   2.81 0.06   1.60 0.26 
GAM (%)   4.23   4.80 0.37   6.12 2.15 

Note: σଶ : Genotypic variation, σଶ: Phenotypic variation, GCV: Genotypic coefficient of 
variation, PCV: Phenotypic coefficient of variation, Hୠୱଶ : Heritability in broad sense, GA: 
Genetic advance, GAM: Genetic advance as percentage of the mean 
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Genetic advance  Genetic advance is the measure of genetic gain under selection. It refers to the improvement of characters in genotypic value for the new population compared with the base population under one cycle of selection at given selection intensity (Singh, 2001). Genetic advance values for all studied characters were displayed in Table 2. Estimates of genetic advance for pod width, pod length, number of seed per pod, pod weight and yield were 0.03 cm, 2.81 cm, 0.06 seeds/pod, 1.60 g and 0.26 t/ha, respectively, hence, the next generation at 5% selection intensity would possess 0.65 cm of pod width, 61.40 cm of pod length, 17.12 seeds/pod, 27.75 g of pod weight and 12.44 t/ha of yield. Genetic advance as percent of the mean (GAM) of these characters were 4.23, 4.80, 0.37, 6.12 and 2.15 %, respectively. All GAM values were categorized as low according to Singh and Narayanan (2013) that GAM values less than 10% were low. Genetic advance under selection depends on heritability. Thus from this study low heritability values gave the low genetic advance values.  Conclusion 
 Significant differences were observed among the 30 F3-family lines for pod width and pod length. Yield of fresh pod ranged from 9.49 to 15.65 t/ha that signified the variability available for a promising line selection. The estimates of genotypic coefficient of variation for all characters were low ranging from 1.48% of number of seed per pod to 8.44 % of pod weight. Phenotypic coefficient of variation estimates ranged from 10.65% of pod width to 23.98% of pod weight. Heritability in broad sense estimates for pod width, pod length, seed/pod, pod weight and fresh pod yield were 19.26, 20.17, 1.48, 12.39 and 5.39 %, respectively. Genetic advance as percent of the mean of these characters were 4.23, 4.80, 0.37, 6.12 and 2.15 %, respectively. In conclusion, selection in this generation should be based on an individual plant which might give more genetic gain than that on a family line.  References 
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 Increasing Pineapple Suckers Using 6-Benzilanopurine Growth 
Regulator on F1 Hybrid Mother Pineapple [Ananas comosus (L.) 

Merr.] Plants 
 

Fatah Ridwan1, Hasan Ma’arif1, Orachat Sittichan1, Sommai Kaewmanee1 and  
Suneerat Sripaoraya1*  

ABSTRACT 
 

The effect of 6-benzylaminopurine (BA) on F1 hybrid pineapple sucker multiplication, 
was investigated at Rajamangala University of Technology Srivijaya, Thungyai, Nakhon Si 
Thammarat from September 2017 to February 2018. 140 F1 hybrid pineapple harvested mother 
plants were selected and current pineapple suckers were separated from mother plant. All 
mother plants were treated with BA hormone by spraying nearly into pineapple stem. Seven 
treatments following BA concentrations 20,30 and 40 ppm for one-time spraying, then BA 
concentrations 20, 30 and 40 ppm for two times spraying and treatment control (no BA 
spraying) was experimented using Completely Randomize Design with four replications. 
Number and height of sucker were recorded at 10, 14 and 16 weeks after BA spraying. The 
result for number of sucker, BA 40 ppm two-time spraying gave highest 2.68 suckers at week 
16. For the result of sucker height, using BA 30 ppm one-time spraying gave the highest of 
sucker obtaining 73.48 centimeters at week 16. With economic and sucker productivity reasons, 
the research can conclude that BA 30 ppm one-time spraying was the most effective for sucker 
increasing and shoot development. Moreover, BA 30 ppm one-time spraying gave the cheapest 
cost to produce number of sucker from harvested mother plants.   
Keywords: Pineapple, F1 hybrid, Mother plants, 6-Benzylaminopurine, Ananas comosus  
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Introduction  
Pineapple [Ananas comosus (L.) Merr.] is one of the most important and is an economic 

fruit crop of Bromeliaceae family. In general, pineapple production is in tropical and sub-
tropical areas. Pineapple gives some benefits for human that is used to contribute in keeping 
ideal weight and gastrointestinal system and nutrition stability because pineapple comprise 
many substantial amounts such as calcium, potassium, vitamin C, carbohydrates, crude fiber, 
water and different minerals (Popluechai etal., 2007). With pH rates from 4,5 to 6,5 of sandy 
grounds, pineapple can accept dry condition and better adapt in tropical area. Pineapple 
propagation can produce from their crowns which produce at the top of the stem or from their 
suckers (Baruwa, 2013).  

The main pineapple distributor is Thailand  (Srivichien et al., 2015). Most commercial 
variety of pineapple production is Smooth Cayenne group (Srivichien, 2014). Bartholomew and 
Malezieux observed Thai pineapple and grouped it into five groups. They are: “Tradsithong’, 
‘Phuket’ and ‘Shawee’ in Queen’s Group, ‘Pattavia’ and ‘Nanglae’in Cayenne, and 
‘Intrachitdang’ in the Spanish Group, Abaxaci and Maipure or Perolera group” (Popluechai 
etal., 2007). New pineapple variety was bred by Sripaoraya (2009), HQC34 F1 hybrid variety 
was crossed from Phuket and Pattavia groups. It shows high fruit quality and resistant to heart 
rot and wilt diseases (Sripaoraya, 2009). However, this new variety still has limits for number 
of suckers to propagate and mass growing for farmers. With conventional propagation of 
mother plant, it gives less number of suckers. Using 6-Benzylaminopurine growth regulator 
may increase amounts and height of F1hybrid pineapple suckers and then make sufficiency for 
farmers to grow new F1 Hybrid pineapple variety. Therefore, it is necessary to study how to 
rapidly multiple the number of suckers. 

 Materials and Methods  
1. Preparing for BA growth regulator stock solution  

To prepare a 50 ml stock solution, add 0.05 g of the 6-benzylaminopurineto a 50-ml 
volumetric flask and add 2 ml NaOH 1 N to dissolve the BA. Once completely dissolved, adjust 
volume distilled water until 48 ml to reach 50 ml of stock solution. Stirring the solution while 
adding water to keep the material in solution. Store the stock solution at 4oC. To prepare BA 
different concentrations, take 1, 1.5, and 2.0 ml from stock solution and make 50 ml fully 
volumetric flask volume by adding 49, 48.5, and 48 ml distilled water respectively. Then, take 
25 ml for each mother plant spraying.   
2. Selection pineapple harvested mother plants  
 

140 F1 hybrid pineapple mother plants were selected from pineapple field. The current 
pineapple suckers were separated first from mother plant. This method was used to make sure 
that pineapple mother plants were obliterated from current suckers.  

 
3. Spraying BA growth regulator on pineapple mother plants 

Each collected pineapple mother plants were sprayed with 6-Benzilaminopurine 
hormone nearly into pineapple stem. The experiment used Completely Randomized Design, 
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seven treatments with four replications, the experimental unit which used in this experiment 
were five pineapple mother plants. Seven treatments; Treatment 1: 20 ppm, one-time 
spraying;2: 30 ppm, one-time; spraying;3: 40 ppm, one -spraying; 4: 20 ppm; two times 
spraying; 5: 30 ppm, two times spraying;6:40ppm, two times spraying, and 7 for control (no 
BA spraying). The volume of BA spraying is 25 ml per mother plant. The second spraying was 
the day after the first spraying.  
 
4. Data collection and data analysis 

 
The number of suckers (sucker) and sucker height (cm.)  were recorded at week 10, 14, 

and 16 after BA spraying. Analysis of variance (ANOVA) was analyzed as CRD experimental 
design. Duncan Multiple Range Test was used to mean different analysis in this study.  
Results and Discussion 
 

1. Number of sucker 
The number of suckers of F1hybrid pineapple mother plants sprayed with BA growth 

regulator were recorded at week 10. The result demonstrated that concentrations of BA were 
highly significant different for number of sucker. BA 40 ppm two times spraying showed 
highest number of sucker giving 2.62 suckers. Treatment 2, 3, 4, 5, 7 and 1 gave 2.5, 2.25, 2.12, 
1.38, 1.5 and 1.25 suckers respectively as Table 1 and Figure 1.  

 
Table 1 The average of number of suckers at week 10-16 after spraying different  

  concentrations of BA in F1 hybrid pineapple mother plants experimented at  
  RMUTSV, Thungyai, Nakhon Si Thammarat, Thailand in 2017 

 
BA concentrations Number of sucker (sucker) 

week 10 week 12 week 16 
20 ppm, one-time spraying 1.25c 1.25d 1.56c 
30 ppm, one-time spraying 2.5ab 2.56a 2.56a 
40 ppm, one-time spraying 2.25ab 2.42ab 2.50a 
20 ppm, two times spraying 2.12ab 2.16ab 2.16ab 
30 ppm, two times spraying 1.38cd 1.50bc 1.62c 
40 ppm, two times spraying 2.62a 2.62a 2.68a 
Control (no BA spraying) 1.5bc 1.67cd 1.67bc 

F-test ** ** ** 
CV% 13.92 23.61 14.43 

 Means of the same category followed by different letters are significantly different from each 
other using Duncan test at 0.05 level of probability  
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     Number 

  treatment 
Figure 1 Number of sucker after spraying different concentrations of BA in F1 hybrid pineapple mother plants with T1: BA 20 ppm one-time spraying, T2: BA 30 ppm one-time spraying, T3: 40 ppm one-time spraying, T4: BA 20 ppm two times spraying, T5: BA 30 ppm two times spraying, T6: BA 40 ppm two times spraying and T7: control (no BA spraying). 

 The research indicated that high BA concentration trends in high number of sucker. BA 
40 ppm, two times spraying presented high result because it used more hormone concentration. 
At the meantime, it spent more cost for buying BA hormone as well. 

 
At week 12 and week 16, F1 hybrid pineapple mother plants sprayed with BA growth 

regulator were recorded. The result demonstrated that both week 12 and week 16, BA 40 ppm, 
2 times spraying gave highest for number of sucker giving 2.62 and 2.68 suckers respectively. 
Treatments 2, 3, 4, 5, 7 and 1 showed 2.56, 2.42, 2.16, 1.50, 1.67, and 1.25 suckers respectively 
in week 12 as Table 1 and Figure 1. The result showed that BA 30 ppm, one-time spraying 
gave the same number of sucker in week 12 and week 16 giving 2.56 suckers and was not 
significant difference with using 40 ppm, 2 times spraying. In contrast, 40 ppm, 2 times 
spraying used more BA hormone volume. It therefore need to pay more money for BA cost.  
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2. Height of sucker  
 

Different concentrations of BA showed highly significant different for height of sucker 
at week 10. BA 30 ppm, one-time spraying showed highest suckers giving 42.025 cm. 
Treatment 3, 4, 5, 6, 7 and 1 gave 21.58, 25.89, 16.89, 30.31, 38.36, and 16.69 cm respectively 
as Table 2. Treatment 2 or BA 30 ppm, one-time spraying had good outcome with lower 
concentration than treatment 6 (BA 40 ppm, two times spraying) with high amount of number, 
treatment 6 did not have the highest of height because suckers from treatment 6 may divide 
nutrients for more suckers.  
 At week 12, BA 30 ppm, 1 time spraying gave the highest showing 52.65 centimeters 
and was significantly difference from treatment 3, 4, 5,6, 7 and 1 giving 28.81, 33.65, 21.81, 
39.10, 40.91, and 21.41 cm respectively shown as Table 2. Finally at week 16, BA 30 ppm, 
one-time spraying gave the highest sucker giving 73.48 centimeters and was significantly 
difference in sucker height from other BA concentrations. Treatment 3, 4, 5, 6, 7 and 1 gave 
43.73, 48.46, 33.80, 58.81, 43.78, and 33.59 cm. respectively following as Table 2. 

 
Table 2 The average of height of suckers at week 10-16 after spraying different  

  concentrations of BA in F1 hybrid pineapple mother plants experimented at  
  RMUTSV, Thungyai, Nakhon Si Thammarat, Thailand in 2017 

 
Treatments Height of sucker (cm.) 

week10 week12 week16 
20 ppm, one-time spraying 16.69c 21.41b 33.59c 
30 ppm, one-time spraying 42.02a 52.65a 73.48a 
40 ppm, one-time spraying 21.58c 28.81b 43.73bc 
20 ppm, two times spraying 25.89c 33.65ab 48.46bc 
30 ppm, two times spraying 16.88c 21.81b 33.80c 
40 ppm, two times spraying) 30.31abc 39.10ab 58.81ab 

Control (no BA spraying) 38.36ab 40.91ad 43.78bc 
F-test ** ** ** 
CV% 36.66 35.62 31.19 

 Means of the same category followed by different letters are significantly different from each 
other using Duncan test at 0.05 level of probability.  
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After spraying BA as designed concentrations to pineapple mother plants for increasing 
number of suckers, the results showed that the number of sucker gave highly significant all 
weeks that collected data. Finally result showed that 1) number of sucker increasing 
significantly every week when threatened by BA hormone, 2) lowest concentration of BA 
hormone gave lowest result in number of sucker, 3) best result in number of sucker was BA 40 
ppm, 2 times spraying with 2.64 suckers but it was not significant difference in number of 
sucker with BA 30 ppm, one-time spraying compared average mean by DMRT giving 2.56 
suckers. 

According to research, data demonstrated that pineapple mother plants gave various in 
height of sucker. The result defined respectively that 1.) Different concentrations showed 
different results for the height of sucker, 2.) BA 30 ppm, one-time spraying had highest sucker 
in every single week, the highest sucker was 73.48 cm. This research result gave the same result 
with Crosby et al. (1981). They reported that BA was successfully used highly increasing on 
number of fruit. 

 
 

3. Cost of BA and economic use 
 
Price for 1 g 6-Benzylaminopurine (BA) approximately is 1,730 baht. For this study, 

BA was used 0.05 g per 10 ppm for making stock solution (20, 30 and 40 ppm). Then, price per 
sucker after been threatened by BA is2 baht for 20 and 30 ppm one spraying, 5 baht for 40 ppm 
one-time spraying, 4 baht for 20 and 30 two times spraying and 10 baht for 40 ppm two times 
spraying.  
Conclusion 
 

Investigation reported that application of 6-Benzylaminopurine on pineapple F1 hybrid 
pineapple mother plant variety increased in height and number of pineapple suckers.  This 
happen because 6-Benzilaminopurine act as growth regulator and stimulate for shoot meristem, 
plant regeneration and highly proliferate in cell division better than when not applied any 
growth hormone in pineapple. Authors of this research recommended using 30 ppm one spray 
is the best treatment. It had the best and highest result in number and height of sucker, likewise, 
30 ppm and only one-time spraying was the cheapest choice to produce high number of sucker 
and is better for farmers to grow new good pineapple variety. Hopefully this investigation will 
support on pineapple sustainable and research base for pineapple cultivation and productivity, 
especially for pineapple producers or farmers.  
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Shoot Multiplication of HQC34 Hybrid Pineapple 
[Ananas comosus (L.) Merr.] Using Bioreactor System 

 
Suneerat Sripaoraya1, Yuenyong Vanichpakorn1, Pimol Tiengtum1 and Orachat Sittichan 1* 

  
ABSTRACT 

 
With conventional pineapple propagation, it takes time and obtained las of suckers or 

plantlets. Tissue culture technique is used for increasing pineapple suckers particularly in new 
pineapple variety. This research aims to increase suckers of new pineapple variety use 
bioreactor system. Kind of media and explants were investigated in order to increase HQC34 
hybrid pineapple shoots as a mass multiplication using bioreactor system. Completely 
Randomized Design was used with 4 treatments and 2 replications following as 1) MS+BA 2 
mg/L+ callus 2) MS+BA 3 mg/L + young shoot 3) MS+CPPU 2 mg/L+ callus and 4) 
MS+CPPU 2 mg/L + young shoot. Media were fed 3 times daily for 2 minutes each time. 
Number and height of shoots were recorded at 4, 6, 8 and 10 week. The results showed that 
different explants were not significant difference for giving shoot number. For media, MS+BA 
2 mg/L gave the highest number of shoot and was highly significant difference compared to 
MS+CPPU 2 mg/L. Number of shoots were 62.67, 64.00, 18.33 and 20.00 shoots in the 
treatment 1 to 4 respectively at week 10. The best medium, MS+BA 2 mg/L, was further 
investigated number of daily feeding as 6 or 8 times per day.  Number and height of shoots 
were recorded at week 4. It was clearly found that 8 times per day medium feeding could 
produce the most numbers of HQC34 hybrid pineapple shoots giving 233.10shoots compared 
to 126.70 shoots in 6 times per day feeding treatment. However, for shoot height, with 6 
times/day of medium feeding gave higher and was significant difference showing 2.40 and 1.73 
cm. for 6 and 8 times per day feeding respectively. In conclusion, both callus and young shoot 
can be use an explant for multiple mass shoots of HQC34 hybrid pineapple variety used 
MS+BA 2 mg/L as a medium in bioreactor system.  
 
Keywords: Pineapple, Ananas comosus, Bioreactor, Shoot Multiplication, Hybrid   
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Introduction 
Thailand is the world largest producer and exporter of pineapple with 1,942,508 tons 

producing and 511,846 acres harvesting area (Agricultural economic office, 2015).  70-80 
percents pineapple products are used in the industry for canning and processing pineapple such 
as pineapple juice. 20-30 percents was used for domestic fresh consumption. Thailand is a 
producer and exporter of pineapple in the world however yield is still very low mainly causing 
of cultivars and management.  Many pineapple cultivars are grown in Thailand but there are 
only two commercial cultivars; a Smooth cayenne known as Pattavia and a Queen known as 
Phuket. Pattavia cultivar is grown for fresh and processing while Phuket is grown only for fresh 
consumption. Both cultivars have different fruit quality and agronomic characters. Pattavia 
variety has a large and cylindrical fruit with wide flat eyes.  Their leaves are spineless except 
near the tip which is considered a desirable characteristic. However, it is susceptible to wilt 
heart and root rot diseases. In contrast, Phuket is resistant to these diseases but it has smaller 
with either conical or cylindrical shape. It has crisp, good smelling and sweet flesh. However, 
it has narrow and prominent eyes, spiny leaf which consumers complain when they peel the 
fruit for fresh consumption. In order to have a better fruit quality and better agronomic traits, 
Sripaoraya (2009) have bred pineapple by crossing between Phuket and Pattavia cultivars both 
direct and reciprocal cross.  From those crossing and selection, HQC34 hybrid was obtained. 
This hybrid gave better fruit quality such as sweet, crispy and good smell flesh and resistant to 
wilt, root rot diseases.  . Pineapple generally propagates using sucker, crown or slip. With 
normal propagation method, suckers are slowly produced and obtain less mount of sucker. It is 
necessary to rapidly multiple shoot and to generate to plantlets and finally suckers.   

The current technology allows tissue culture propagation. This technology can produce 
large amount number of suckers and take shorter time, it can also reduce production costs.  This 
research aims to multiple shoot in shorter time and obtain a large number of suckers using 
bioreactor system technology. 
 
Materials and Methods 

1. Medium preparation and explant study for bioreactor system  1.1 Medium preparation Prepare MS (Murashige and Skoog) medium stock as report of Murashige and Skoog (1962). Two media, MS + BA 2 mg/l and MS + CPPU 2 mg/l were used for this study. Each medium is volume with distilled water, add sugar 30 g and adjust pH 5.8. Put 150 ml of each 
medium in bottle. Equipment and medium were sterilized by autoclave at temperature 121 ℃ , 
and pressure 15 pound/in2 for 20 minutes.  

1.2 Media and explant studies  
Two kinds of explant were used for investigation. They were callus and young shoot. Put the 5 pieces of each explant of HQC34 hybrid pineapple in to the empty sterilized bottle set. All processes worked in sterile cabinet. Two kinds of media and explants were set to study shoot multiplication. Four treatments; MS + BA 2 mg/l + callus,  MS + BA 2 mg/l + young shoot, MS + CPPU 2 mg/l + callus and MS + CPPU 2 mg/l + young shoot with 2 replications. All treatments were fed three times a day with 2 minutes each. The number and height of shoot were record at 4, 6, 8 and 10 weeks after culture.      
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 2. Number of feeding study Take the best result from the first investigation, it was BA 2 mg/l medium + young shoot explant. The number of feeding; 6 and 8 times per day was set to invest the best increasing for shoot. The number and height of shoot were recorded. Cut a piece of pineapple hybrid HQC34 and put 20 young shoot explants in the empty sterile bottle. Number of plantlets and the plantlet height were recorded at week 4 after culture. 
3. Compare HQC34 pineapple hybrid increasing using bioreactor and shaker 

 Trim parts of HQC34 hybrid and put 10 pieces of young shoot explant in the sterile empty bottle. Two treatments; using bioreactor system feed 8 times / day and using shaker. Pineapple young shoot were placed in a shaker. Explants were fed all the time. Number of plantlets and the height of plantlets were observed at week 4. 
 Results and Discussions  
 

1. Kinds of media and explants  
This result compared media and explants in vitro of hybrid HQC34 pineapple using 

bioreactor during 10 weeks by collecting data for 4 times in week 4,6,8 and 10. The results 
showed that BA 2 mg/l with callus and young shoot explants gave better than medium CPPU 2 
mg/l.  Media gave statistically significant difference for number of shoot. BA 2 mg/l both callus 
and young shoot showed higher number of shoot for all week records compared to CPPU 2 
mg/l. During weeks 4-10, BA 2 mg/l with callus gave 60.00; 62.00; 62.00 and 62.67 shoots 
respectively. For BA 2mg/l with young shoot showed 59.67, 62.00; 62.33, and 64.00 shoots 
respectively. For using CPPU 2 mg/l with both explants gave number of shoot lower than using 
BA 2mg/l in all weeks of recording. MS + CPPU 2 mg/l with young shoot explant gave 16.67, 
19.00, 19.33 and 20.00 shoots in week 4, 6, 8 and 10 respectively.  (Table 1) 

 
For the height of shoot of HQC34 hybrid at 10 weeks, medium MS + BA 2 mg / l with 

young shoot increase best the amount and height of shoot. It demonstrated 2.50, 2.73, 2.73 and 
2.83 cm. in week 4, 6, 8 and 10 respectively, compared to 1.00, 1.40, 1.40 and 1.40 cm for 
MS+CPPU 2 mg/l with young shoot showing as Table 2. The kinds of explant in the research 
gave no effect on creasing shoot number and was not significant different both height and 
number of shoot. This result gives the same results of Srichuay and Te-chato (2014) who studied 
the effects of MS medium with NAA and BA in Phulae variety. BA is a growth regulator which 
is cytokine in. It plays a role in cell division and expansion.  

 
And a feeding every 2 hours, 2 minutes/ time results showed that increasing the 

concentration of BA results more increase for pineapple shoots. Escalona et al., 1999 cited by 
Boonmanee (2007) studied on the induction of pineapple explants under bioreactor. Received 
feeding 8 times / day for a period of 2 minutes/time,  inducing new shoot moreover cultured in 
solid and liquid (Fangmuang and Kongbangkerd, 2012) studied the effect of growth regulators. 
The development of seedlings Dendrobium lamellatum Lindl in sterile conditions by raising 
seedlings on MS media with BA at a concentration of between 1.0 - 2.0 mg per liter can induce 
birth to a new well.    
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The height of HQC34 hybrid pineapple from tissue culture found that week 4 treatment 
1 and 2 have higher than treatment 3 and 4 statistically was 2.17, 2.50, 1.17 and 1.00 centimeters 
respectively, at week 6 found that treatment 1 and 2 were still higher and better than treatment 
3 and 4 as follows 2.50, 2.73, 1.58 and 1.40 respectively. (Table 2) 

The height of HQC34 hybrid pineapple from tissue culture found that week 4 treatment 
1 and 2 have higher than treatment 3 and 4 statistically was 2.17; 2.50; 1.17; and 1.00 
centimeters respectively, at week 6 found that treatment 1 and 2 were still higher and better 
than treatment 3 and 4 as follows 2.50, 2.73, 1.58 and 1.40 respectively. Treatment 1 and 
treatment 2 continue to provide better result than treatment 3 and 4 at week 8, significantly was 
2.50, 2.73, 1.58 and 1.40 respectively. As result from another week, week 10 also showed that 
treatment 1 and 2 have higher result than treatment 3 and 4 significantly was 2.56, 2.83, 1.57 
and 1.40 respectively.  
Studies in the feed between 6 and 8 time/day 

Used formula feed MS + BA 2 mg/l by piece early HQC34 pineapple hybrid beneath 
bioreactor system. Stud0y time feeding compare 6 and 8 time/day found that 8 time/day 
increase seedling pineapple to 233.1 which more that feeding 6 time/day (126.7 shoot) 
statistically highly significant. However the height of the seedling that is inversely proportional 
to the amount of the increase that is feeding total 8 time/day seedling with a height of 1.73 cm. 
while feeding 6 time/day height of 2.40 cm. (Table 3) 

 The number of feeing cause the shoot of additional. This is consistent with the results 
of (Sumkaew et al., 2010) reported the production of seedlings of eucalyptus species Carr's 
Lane Sea by means of tissue culture systems Temporary immersion a couple bottles that 
frequency in feeding the enrichment plant eucalyptus maximum is 8 hours / 1 time                  ( 
Berthoule et al., 1995 cited by Boonmanee, 2550) studied the increasing number of coffee trees 
under the Bioreactor system found that The feeding  6 times / day for 15 minutes each time can 
increase the amount of coffee the most. 
Increase HQC34 pineapple hybrid using bioreactor and Shaker. 

When taken recipes MS + BA 2 mg /l. The early parts is best to try to increase the 
amount of pineapple HQC34 plantlets under bioreactor system. The study compared the amount 
sprout between bioreactor and shaker. Which is controlled feeding 8 times / day for 5 minutes 
and the liquid is placed on a shaker for 4 weeks showed that the use of bioreactor  increase 
sapling pineapple hybrid HQC34 at 152.00. The more cultured in liquid placed on a shaker has 
increased shoot 64.8 statistically significant. However, the height of the tender to be inversely 
proportional to the increases, the use of bioreactor has average height of 1.94 cm, while cultured 
in liquid placed on the shaker 3.33 cm. (Table 4) 

 
The results indicated that the use of bioreactor systems to control and shaker feeding 

affect the amount of hybrid pineapple plantlets HQC34 well can actually reduce the cost of 
production. And can increase pineapple plantlets than farmed meat. And cultured in a liquid 
using a shaker (Srichuy et al., 2014). 
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Table 1 Effect of media and types of explant on shoot number of HQC34 hybrid using   
      Bioreactor system 

 1/ Means within a column followed by the same letter are not significantly different at P< 0.01 
by DMRT 
 
Table 2 Effect of media and types of explant on shoot length of HQC34 hybrid using          

bioreactor system. 

Treatment Shoot length(cm) 1/ 
4thweek 6thweek 8thweek 10thweek 

MS + BA 2 mg/l 
(callus) 2.17 a 2.50 a 2.50 a 2.56 a 

MS+ BA 2 mg/l 
(plant) 2.50 a 2.73 a 2.73 a 2.83 a 

MS+ CPPU 2 
mg/l (callus) 1.17 b 1.58 b 1.58 b 1.57 b 
MS+ CPPU 2 
mg/l (plant) 1.00 b 1.40 b 1.40 b 1.40 b 

C.V. (%) 18.66 11.79 11.79 12.25 
1/ Means within a column followed by the same letter are not significantly different at P< 0.01 
by DMRT 
 
Table 3 Effect of feeding time of MS + BA 2 mg/l on shoot number and shoot length of   HQC34 

hybrid using bioreactor system 

Feeding time/day No. of shoot Shoot length (cm) 
6 126.73 b 2.40 a 
8 233.14 a  1.73 b 

Treatments No. of shoot1/ 
4thweek 6thweek 8thweek 10thweek 

MS + BA 2 mg/l (callus) 60.00a 62.00 a 62.00 a 62.67 a 
MS+ BA 2 mg/l (plant) 59.67a 62.00 a 62.33 a 64.00 a 
MS+ CPPU 2 mg/l (callus) 13.00b 16.33 b 17.67 b 18.33 b 
MS+ CPPU 2 mg/l   (plant) 16.67b 19.00 b 19.33 b 20.00 b 
C.V. (%) 5.63 5.83 3.726 3.96 
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Table 4 Effect of feeding MS + BA 2 mg/l on shoots number and shoot length of HQC34  
  hybrid between use bioreactor system and shaker 
 
Treatment No. of shoot Shoot length (cm) 
Bioreactor 152.00 a  1.94 b 

Shaker 64.80 b 3.33 a 
 
Conclusion 

Bioreactor system can produce mass shoots for provide to farmers for increase 
production. Compare medium formula, Part and time feeding (time/day) in bioreactor system, 
compare bioreactor and shaker. Conclude that MS+BA 2 mg/l increase the shoot and height 
was better MS+CPPU 2 mg/l. part and callus HQC34 pineapple hybrid non-significant. and 
tissue culture system bioreactor increase shoot more shaker system Conclude that the medium    
MS + BA 2 mg / L. with bioreactor 8 times / day  increase the shoot pineapple hybrid HQC34 
better feeding 6 times / day but a sapling from feeding 6 times / day are higher than that.  
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ABSTRACT 

 

 This work aimed to study the appropriate harvesting index of Smooth Cayenne 
pineapple (Ananas comosus cv. „Pattavia‟) to enhance the shelf life. Three stages of 
pineapple were selected for study which were stage 0 (center of eyes beginning to show 
yellow color), stage 1 (10% of the eyes yellow) and stage 2 (20-30% of the eyes yellow). 
Pineapples were harvested from Baan-Sa sub-district, Chae Hom district, Lampang province 
in the same day. The harvested fruits were kept in controlled temperature chamber at 34 
degree celsius. To analyze the chemical properties and qualities of pineapple in each stage, 
tritratable acidity (TA), total soluble solids (TSS) and firmness were investigated in all 
samples. The results showed that fruit‟s tritratable acidity and firmness decreased as the 
storage time increased while as the total soluble solids slightly increased over the time in 
every stage. For shelf life assessment, the shelf life of pineapple at stage 1 and stage 2 with 
the acceptable sensory quality for consumers were 5 and 4 days respectively while as the 
shelf life of pineapple at stage 0 were 5, 6 and 7 days. The model of shelf life was estimated, 
which was y = 0.63x + 6.894 by using the firmness and the sensory quality. From the model, 
the shelf life of pineapple at stage 0 was estimated at 8 days. 

 
Keyword: Pineapple, Harvesting Index, Quality and Shelf life 
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Introduction 

  
Pineapple is one of important economic crops in Thailand. In the northern part of 

Thailand, Lampang province is the major pineapple producer, which could create income 

about 70 million baht annually. Chae Hom district is one of the main pineapple plantation 

areas, especially in Baan Samakkee. In this area, the land has been degrading due to 

deforestation, but the location is appropriated for pineapple cultivation. Therefore, the 

Smooth Cayenne pineapple (Ananas comosus cv. „Pattavia‟) produced from this area is high 

quality with sweet, juicy and bright yellow color. Currently, there are about 70 pineapple 

farmers in this area and it keeps expanding. Now, pineapple production has been expanded to 

about 1,280 rai. In some years, the price of pineapple can be 8-15 baht/kg (price of 2015-

2016), generating income for farmers more than 100,000 baht per year. However, the 

expansion could create problems such as over production and low price resulting further 

social problems such as family debts, family affair and bad local environment. 

Generally, fresh pineapple sold in the market has different quality and maturity. There 

has been no study to test and confirm the perfect quality of fresh pineapple for consumers yet.  

It is common to observe some sellers sold low quality or over ripen fruits (Chaithip and 

Rattanapanon, 1997). Moreover, quality of pineapple always change while they are on shelf 

such as weight loss, physical change, degrading nutrition value (vitamin C), lower sugar 

content due to respiration process after harvest, and increasing organic acids, which all makes 

change in taste and sensory (Siripanich, 2001). Low qualities fresh pineapple might create 

consumers‟ rejection, reducing in consumption and declining market. Therefore postharvest 

technology is very important for solving problems such as appropriate maturity stage for 

harvest and effective storage methods. There has been no study yet about the relation 

between the physical harvesting index and fruit quality after harvest for Smooth cayenne 

pineapple. Nevertheless the maturity level used for harvest index must have no effect on fruit 

quality especially the unique taste of smooth cayenne pineapple. Therefore, this work aimed 

to study the appropriate harvest index of pineapple to enhance the shelf life and quality for 

fresh pineapple. Moreover, good harvest index would allow the farmers to predict and make 

plans to avoid loss from harvest and postharvest process.  

 

Materials and methods 

 
Pineapple samples were collected from pineapple plantation in Baan-Sa sub-district, 

Chae Hom district, Lampang province. There were 3 maturity stages studied in this work, 

which were stage 0 (center of eyes beginning to show yellow color), stage 1 (10% of the eyes 

yellow) and stage 2 (20-30% of the eyes yellow). The pineapple samples were harvested in 

the same day and storaged at 34 degree Celsius (relative humidity 65±3.9%). For chemical 

change in each maturity stage, total soluble solids (TSS) was measured by using Pocket 

Refractometer (PAL-3, Atago, Japan) and titratable acidity (TA) measurement was followed 

by AOAC protocol (AOAC, 1990). The firmness was analyzed by texture analyzer 

(TA.XT.Plus; Stable Micro System) to investigate the physical change. The sensory 

evaluation was performed by a panel of pineapple experts (10 persons) and 5-hedonic scale 

was used for the evaluation. Shelf life assessment was also performed. The study was 

continued until tested fruits were not appropriated for consumption. The experimental design 

in this work was 3×7 factorial in Completely Randomized Design (CRD). There were 3 

replicates for each treatment. 
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Results and Discussion 
 

The temperature in Lampang is quite high all year (average of 24-38 degree Celsius). 

However, the temperature may be varied in different areas and seasons. Therefore the 

temperature used in this experiment must be the temperature that was the representative for 

all seasons in Lampang.  Thus, 34 degree Celsius (relative humidity 65±3.9%) was chosen 

for the storage temperature because it was the average maximum temperature in the year of 

2017 (Figure 1).  

 
Figure 1 The average maximum temperature of the weather in Lampang province in 2017 

   Source: Department of Meteorological (2560) and Wunderground.com (2560) 

 

 

Chemical quality 

Titratable acidity (TA): There were significant differences (p<0.05) for maturity 

factor, storage time factor and their interaction (Table 1). The TA values of the 3 stages were 

range from 1.39-1.97 percent. Fruit at stage 1 had the highest TA value (1.97%), while stage 

1 and stage 2 have the TA value of 1.67% and 1.39% respectively. This result was in 

accordant with Panyamongkol (2017), which showing that the TA of Phu Lae pineapple at 

the early maturity stage was higher than the late maturity stage, and the TA was decreased 

over the time of maturation. In this experiment, the result showed that the TA of all stages 

decreased as the storage time increased (Figure 2). Paull (1993) reported that the TA content 

reached the highest at the early stage of maturity and it declined over the time when stored at 

7 degree Celsius. In addition, Joomwong (2005) reported that the TA decreased as the 

maturity developed at the rate of 0.0014 per day. However, those studies were performed 

with the intact fruits.  This experiment was done with the fruits removed from the plant. 

Pineapple was non-climacteric fruits (Siripanich, 2003) which had non to minimal change in 

chemical contents after maturity. 

Total soluble solids (TSS): The maturity factor show statistical difference (p<0.05). 

The TSS content of fruits in stage 0, stage 1 and stage 2 were 12.73, 13.86 and 14.54 °brix 

accordingly (Table 1). The storage time factor also showed statistical difference (p<0.05).  

For all 3 stages, the TSS content increased as the storage time increased. At 7
th

 day of storage 

time, fruit at stage 2 had the highest TSS content (16.03 °brix). Normally, pineapple was   

non-climacteric fruit with the slow respiration process, and the respiration rate would not be 

increased when the fruit fully ripen. Therefore this kind of fruit could not be incubated for 

ripening because of the minimal chemical change inside the fruits (Weerawoot, 1998). This 
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result was similar to report from Chaithip and Rattanapanon (1996) stating that at 5, 10 and 

20 degree Celsius, the TSS content of the pineapple was not stable and it fluctuated in the 

range of 14.2-15.1 °brix. Raiphuttha et al. (2011) also reported that the Phu Lae pineapple 

had a slight change during the storage (14.3-16.0 °brix). In addition, Joomwong (2006) 

reported that the TSS of pineapple increased as the maturity stage increased at the rate of 

0.375 °brix because the starch inside was changed into sugar as the maturity stage developed 

which made the fruit sweeter and less sour (Pongjanta et al., 2010). 

 

Table 1 Chemical quality of pineapple samples during storage for 7 days 

Treatments 
Titratable acidity  

(%) 
Total soluble solids 

(°Brix) 

Maturity stage levels 

Stage 0 1.97 ± 0.58
 a
 12.73 ± 1.21

 c
 

Stage 1  1.67 ± 0.57
 b

  13.86 ± 0.91
 b
 

Stage 2  1.39 ± 0.52
 c
 14.54 ± 0.93

 a
 

Storage time   

Day 1 2.50 ± 0.31 
a
 12.41 ± 1.14

 g
 

Day 2 2.70 ± 0.29
 b
 12.69 ± 0.92

 f
 

Day 3 1.94 ± 0.28 
c
 13.14 ± 0.82

 e
 

Day 4 1.73 ± 0.22 
d
  13.60 ± 0.62

 d
 

Day 5 1.42 ± 0.22
 e
 14.12 ± 0.68

 c
 

Day 6 1.10 ± 0.28
 f
 14.71 ± 0.74

 b
 

Day 7 0.87 ± 0.21
 g
 15.28 ± 0.73

 a
 

Maturity stage level × Storage time 

Stage 0 × Day 1 2.80 ± 0.00
 a
 10.93 ± 0.06

 u
 

Stage 0 × Day 2 2.50 ± 0.00
 c
 11.53 ± 0.06

 t
 

Stage 0 × Day 3 2.30 ± 0.00
 d
 12.10 ± 0.10

 s
 

Stage 0 × Day 4 2.00 ± 0.00
 g
 12.87 ± 0.06

 q
 

Stage 0 × Day 5 1.70 ± 0.00
 i
 13.33 ± 0.06

 o
 

Stage 0 × Day 6 1.40 ± 0.00
 l
 13.90 ± 0.00

 j
 

Stage 0 × Day 7 1.10 ± 0.00
 p
 14.43 ± 0.06

 f
 

Stage 1 × Day 1 2.60 ± 0.00
 b
 12.83 ± 0.06

 r
 

Stage 1 × Day 2 2.13 ± 0.06
 e
 12.90 ± 0.00

 p
 

Stage 1 × Day 3 1.87 ± 0.06
 h
 13.40 ± 0.00

 m
 

Stage 1 × Day 4 1.70 ± 0.00
 i
 13.67 ± 0.23

 k
 

Stage 1 × Day 5 1.37 ± 0.06
 m

 14.17 ± 0.23
 h
 

Stage 1 × Day 6 1.13 ± 0.06
 o
 14.67 ± 0.32

 e
 

Stage 1 × Day 7 0.87 ± 0.06
 q
 15.37 ± 0.40

 c
 

Stage 2 × Day 1 2.10 ± 0.00
 f
  13.47 ± 0.06

 n
 

Stage 2 × Day 2 1.87 ± 0.06
 h
 13.63 ± 0.06

 l
 

Stage 2 × Day 3 1.67 ± 0.06
 j
 13.93 ± 0.06

 i
 

Stage 2 × Day 4 1.50 ± 0.00
 k
 14.27 ± 0.06

 g
 

Stage 2 × Day 5 1.20 ± 0.00
 n
 14.87 ± 0.06

 d
 

Stage 2 × Day 6 0.77 ± 0.06
 r
 15.57 ± 0.06

 b
 

Stage 2 × Day 7 0.66 ± 0.06
 s
 16.03 ± 0.06

 a
 

 

Note: 
a-u

 letters in the same column show statistically significant difference (p<0.05) 
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Figure 2 Relationship between storage times and titratable acidity of pineapple 

 

 

 
Figure 3 Relationship between storage times and total soluble solid contents of pineapple 

 

 

Physical quality 

The firmness of fruits at stage 0, stage 1 and stage 2 were 4.38, 3.83 and 3.35 N/mm.  

The maturity stage and the storage time had effect on the firmness (Table 2). The firmness of 

fruit of 3 stages decreased as the storage time increased. On the 1
st
 day of storage, the fruit at 

stage 0 has the highest firmness value (6.09 N/mm), whereas the lowest firmness value was 

belonged to the fruit at stage 2 at the 7
th

 day of storage (1.51 N/mm) (Figure 4). The result 

was similar to the previous report stating that the fruit firmness would decrease as the storage 

time increased (Trairongjitmoh and Somboon, 2011). Moreover, Panyamongkol (2017) had 

tested the pineapple firmness with fruit penetrometer and reported that the firmness slowly 

decreased as the maturity developed. For smooth cayenne pineapple, fruits harvested after 

140 days after flowering in every season would have declining firmness (Joomwong and 

Sornsriwichai, 2005) because the fruit body was composed with starch and pectin, which 

would be degraded as the maturity increased, resulting in the decreased firmness and when 
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storing for a period of time, lose of water from the cell, resulting in the decreased in turgidity. 

This would affect the texture decreasing in hardness and crispness (Riquelme et al., 1994). 
 

Table 2 Physical quality of pineapple samples during storage for 7 days 

Treatments Firmness (N/mm) 

Maturity stage levels 

Stage 0 4.38 ± 1.31
 a
 

Stage 1 3.83 ± 1.16 
b
 

Stage 2 3.35 ± 1.12
 c
 

Storage times   

Day 1 5.42 ± 0.57
 a
 

Day 2 4.96 ± 0.61
 b
 

Day 3 4.54 ± 0.52
 c
 

Day 4 4.12 ± 0.51 
d
 

Day 5 3.26 ± 0.27
 e
 

Day 6 2.64 ± 0.31
 f
 

Day 7 2.03 ± 0.47 
g
 

Maturity stage level × Storage time 

Stage 0 × Day 1 6.09 ± 0.14 
a
 

Stage 0 × Day 2 5.71 ± 0.16
 b
 

Stage 0 × Day 3 5.14 ± 0.08
 d
 

Stage 0 × Day 4 4.63 ± 0.09
 g
 

Stage 0 × Day 5 3.50 ± 0.13
 l
 

Stage 0 × Day 6 2.96 ± 0.07
 o
 

Stage 0 × Day 7 2.59 ± 0.05
 q
 

Stage 1× Day 1 5.31 ± 0.22
 c
 

Stage 1× Day 2 4.80 ± 0.22
 f
 

Stage 1× Day 3 4.51 ± 0.17
 h
 

Stage 1× Day 4 4.23 ± 0.08
 j
 

Stage 1× Day 5 3.32 ± 0.10
 n
 

Stage 1× Day 6 2.66 ± 0.17
 p
 

Stage 1× Day 7 1.97 ± 0.08
 s
 

Stage 2 × Day 1 4.85 ± 0.20
 e
 

Stage 2 × Day 2 4.36 ± 0.18
 i
 

Stage 2 × Day 3 3.96 ± 0.06
 k
 

Stage 2 × Day 4 3.50 ± 0.14
 m

 

Stage 2 × Day 5 2.96 ± 0.08
 o
 

Stage 2 × Day 6 2.29 ± 0.16
 r
 

Stage 2 × Day 7 1.51 ± 0.06
 t
 

 

Note: 
a-t

 letters in the same column show statistically significant difference (p<0.05) 
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Figure 4 Interaction between maturity stage and storage times of pineapple samples affected 

the change in the firmness 

 

Sensory quality 

For sensory test, 5 Point Hedonic Scaling Test was employed (1 for dislike the most 

and 5 for like the most) with 10 professional evaluators. The characteristics investigated were 

appearance, color, smell, taste and texture. Fruit at stage 1 had the highest score for 

appearance and color, while fruit at stage 0 and stage 2 had the highest score for aroma. The 

fruits at all stage had similar score for the taste (2.56, 3.20 and 3.30 for stage 0, stage 1 and 

stage 2 accordingly). The fruit at stage 0 has the highest score for texture (3.20) (Table 3).  

For maturity factor and storage factor affected the appearance, color, aroma, taste and 

texture differently (p<0.05). For appearance and color, fruit at all stages gained higher score 

as the storage time increased. The shell color was confirmed with color measurement and the 

result was in accordance with color observed by eyes of evaluators. For the taste, the 

evaluators gave higher score to fruit at stage 0 at 5
th

, 6
th

 and 7
th

 day of storage (4.50), while 

fruit at stage 2 received high score for 2
nd

, 3
rd

, 4
th

 and 5
th

 day of storage. However, the texture 

of fruits at those stages during 1
st
 - 4

th
 day of storage were not statistically different, and the 

evaluators gave score to those fruits in the “like” level (4.00-4.40) (Table 3). 

Pothisawat (2001) reported that good quality of fresh pineapple must has high sugar 

content and good aroma. Similarly, Smith (1998) also reported that the eating quality of 

pineapple highly related to TSS, which meant pineapple at late maturity stage would have 

high TSS resulted in high sensory score. The results of the work will be found the maturity 

stage level at stage 0 of storage was 5, 6 and 7 days, TSS content was higher for the storage 

period also increased the taste score as well. 

In this work, fruit at stage 0 at 5
th

, 6
th

 and 7
th 

day of storage had high TSS content 

when the storage time increased.  Moreover, fruit at stage 1 and stage 2, at 5
th

 and 4
th

 day of 

storage got the least score for taste and texture (1.00-2.30) from the evaluators and the score 

was lower as the storage time increase. This was because the abnormality in texture color 

such as browning and becoming mushy, and the appearance showed sign of senescence with 

disliked taste for the evaluators, which caused by the biochemical and physiological change 

affecting the sensory assessment (Watada et al., 1994). After the experiment period, all 

samples became senescent stage, which the shelf life was expired. This observe was similar 

to Panichkul (2011) work showing that smooth cayenne pineapple harvested during summer 

(April-May) had 7 days before the sensory quality become deteriorated.  
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From the sensory assessment, all pineapple samples received score in the level of   

“so-so” to “like a little” (3-5) from the evaluators in every characteristics, and the evaluators 

also gave comments that those pineapple samples were not different enough to be 

distinguished from each other in the sensory evaluation, which reflected in similar score for 

each different samples.  

 

Table 3 Sensory quality of pineapple samples during storage for 7 days 

Treatments 

appearance color aroma taste texture 
Maturity stage level 

× Storage 

Stage 0 3.71 ± 1.16 
b
 2.61 ± 0.89 

c
 3.31 ± 1.52 

a
 2.56 ± 0.93 

b
 3.20 ± 1.22 

a
 

Stage 1 3.64 ± 0.98 
a
 3.44 ± 1.24 

a
 3.00 ± 1.05 

b
 3.20 ± 1.36 

a
 2.56 ± 0.91 

c
 

Stage 2 3.89 ± 1.52 
b
 3.30 ±1.15 

b
 3.26 ± 1.67 

a
 3.30 ± 1.72 

a
 2.93 ± 1.42 

b
 

Stage 0 × Day 1 2.60 ± 0.52 
e
 2.00 ± 0.00 

d
 1.60 ± 0.52 

g
 1.50 ± 0.53

fg
 1.70 ± 0.48 

c
 

Stage 0 × Day 2 2.80 ± 0.42 
e
 2.20 ± 0.00 

d
 1.60 ± 0.52 

g
 1.70 ± 0.48 

f
 1.90 ± 0.32 

c
 

Stage 0 × Day 3 2.90 ± 0.32 
e
 2.50 ± 0.00 

c
 2.10 ± 0.32 

g
 2.30 ± 0.48 

e
 2.60 ± 0.52 

b
 

Stage 0 × Day 4 3.40 ± 0.52 
e
 3.30 ± 0.48 

b
 3.20 ± 0.42 

e
 3.40 ± 0.52 

c
 2.90 ± 0.32 

b
 

Stage 0 × Day 5 4.40 ± 0.52 
d
 4.50 ± 0.48 

a
 4.70 ± 0.48 

a
 4.50 ± 0.53 

a
 4.20 ± 0.42 

a
 

Stage 0 × Day 6 4.60 ± 0.52 
c
 4.70 ± 0.00 

a
 4.80 ± 0.42 

a
 4.50 ± 0.53 

a
 4.50 ± 0.53 

a
 

Stage 0 × Day 7 4.80 ± 0.42 
b
 4.90 ± 0.32 

a
 4.80 ± 0.42 

a
 4.50 ± 0.53 

a
 4.60 ± 0.52 

a
 

Stage 1 × Day 1 4.00 ± 0.00 
d
 3.00 ± 0.00 

c
 3.30 ± 0.48 

d
 2.30 ± 0.48 

e
 2.50 ± 0.53 

b
 

Stage 1 × Day 2 4.30 ± 0.48 
d
 3.00 ± 0.00 

c
 3.50 ± 0.53 

b
 2.50 ± 0.53 

e
 2.80 ± 0.63 

b
 

Stage 1 × Day 3 4.40 ± 0.52 
d
 3.00 ± 0.00 

c
 3.70 ± 0.48 

b
 3.40 ± 0.52 

c
 3.20 ± 0.63 

b
 

Stage 1 × Day 4 4.80 ± 0.42 
b
 3.30 ±0.48 

b
 4.00 ± 0.00 

b
 3.70 ± 0.48 

b
 3.50 ± 0.53 

a
 

Stage 1 × Day 5 4.30 ± 0.48 
d
 3.30 ± 0.48 

b
 3.40 ± 0.52 

c
 3.20 ± 0.42

d
 3.00 ± 0.00 

b
 

Stage 1 × Day 6 2.50 ± 0.53 
e
 1.70 ± 0.48 

e
 1.60 ± 0.52 

g
 1.50 ± 0.53

fg
 1.60 ± 0.52 

c
 

Stage 1 × Day 7 1.70 ± 0.48 
f
 1.00 ± 0.00 

f
 1.50 ± 0.53 

g
 1.50 ± 0.53

fg
 1.30 ± 0.48 

c
 

Stage 2 × Day 1 4.80 ± 0.42 
a
 4.00 ± 0.00 

a
 4.40 ± 0.52 

a
 4.40 ± 0.52

ab
 4.00 ± 0.00 

a
 

Stage 2 × Day 2 4.80 ± 0.42 
a
 4.00 ± 0.00 

a
 4.40 ± 0.52 

a
 4.60 ± 0.52 

a
 4.00 ± 0.00 

a
 

Stage 2 × Day 3 4.80 ± 0.42 
a
 4.10 ± 0.57 

a
 4.80 ± 0.42 

a
 4.80 ± 0.42 

a
 4.00 ± 0.00 

a
 

Stage 2 × Day 4 4.80 ± 0.42 
a
 4.20 ± 0.63 

a
 4.80 ± 0.42 

a
 4.80 ± 0.42 

a
 4.40 ± 0.52 

a
 

Stage 2 × Day 5 4.00 ± 0.00 
d
 3.40 ± 0.52 

b
 2.40 ± 0.52 

f
 2.30 ± 0.48 

e
 2.10 ± 0.32 

c
 

Stage 2 × Day 6 1.90 ± 0.32 
f
 1.50 ± 0.53 

d
 1.60 ± 0.00 

h
 1.00 ± 0.00 

g
 1.00 ± 0.00 

d
 

Stage 2 × Day 7 1.30 ± 0.48 
f
 1.90 ± 0.32 

d
 1.00 ± 0.00 

i
 1.00 ± 0.00 

g
 1.00 ± 0.00 

d
 

 

Note: 
a-i

 letters in the same column show statistically significant difference (p<0.05) 

 

Evaluation of shelf-life of pineapple samples: For fruit at stage 0, after 7
th

 day of 

storage, its sensory level was still good (4.00-4.50). Therefore, its‟ shelf life needed to be 

assessed by using accelerating condition. From equation, y = 0.63x + 6.894 (Figure 5), which    

was to determine the senescence of the fruits by using texture characteristic as the main factor 

because texture was a unique characteristic for this kind of pineapple. The consumer would 

noticed this character first when they tried, and they would reject if the texture was abnormal 

(Shamberger et al., 1997). However, fruit at stage 1 and stage 2 from 6
th

 and 7
th

 day of 

storage received low score on sensory quality (below 2.50) (Table 3), which was in the 

“rejection” level for the evaluators. These scores were varied to the firmness (Table 2) at 6
th

 

and 7
th

 day of storage, and it kept declining as the storage time increase. Although there were 

many criteria for senescence analysis, Shamberger et al. (1997) had reported the firmness 
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was the most important factor for senescence in consumer‟s point of view. Therefore the 

firmness value of 2.29 N/mm was used as the criteria for senescence in this work. This study 

showed that 8 days was the maximum storage time that still yielded acceptable firmness for 

the consumers. However, other chemical change may be interfering with the acceptance from 

the consumers. Therefore, other characteristics such as specific aroma should be applied 

along with the sensory assessment, and the relationship should be studied to get the 

appropriate index. 

Harvesting pineapple fruit at stage 0 will yield the most firmness and very crisp 

texture during consumption but the taste was not acceptable for the consumers when it kept 

less than 5 days. However fruit at stage 0 can be kept for as long as 8 days. Therefore, for 

short storage time fruit at late maturity should be harvested, so that the taste and texture 

would be accepted by the consumers.  
 

 

 
Figure 5 Relationship between shelf-life and firmness of pineapple after storage 

 

Conclusions 
 

 The experiment was a study of appropriate maturity stage of Smooth cayenne 

pineapple cultivated from Baan-Sa sub-district, Chae Hom district, Lampang province to find 

suitable harvest index for shelf-life.  It was found that maturity stage factors and storage time 

factors of all the maturity stage levels of pineapple affected to the tritratable acidity content 

and the firmness decreased throughout the shelf life while as the amount of total soluble 

solids tended to change slightly over the shelf life. 
The shelf life assessment of Smooth cayenne pineapple showed that fruit at stage 1 

and stage 2 at 5
th

 day and 4
th

 day of storage respectively gained the acceptance from the 

consumers, after those times, the fruits became senescent stage. However fruit at stage 0 

gained the acceptance at 5
th

, 6
th

 and 7
th

 day of storage, and the shelf-life assessment by using 

the equation of y = 0.63x + 6.894 with the texture characteristic related to the firmness as the 

criteria for determination showed that the appropriate shelf-life for fruit at stage 0 was 8 days.  

 

 

 

 

  

y = -0.63x + 6.8943 

R² = 0.9811 

y = -0.5532x + 6.0414 

R² = 0.9691 

y = -0.5414x + 5.5129 

R² = 0.9858 

0

1

2

3

4

5

6

7

0 1 2 3 4 5 6 7

F
ir

m
n

es
s 

(N
/m

m
) 

Stage 0

Stage 1

Stage 2

Day 



Proceedings of the 9th Rajamangala University of Technology International Conference   218 

RMUT Driving Innovation for Thailand 4.0 
 
 

Acknowledgements 
 

 Thank you for the Thailand Research Fund, the research team and Department of 

Agro-industry, Faculty of Sciences and Agricultural Technology, Rajamangala University of 

Technology Lanna Lampang. 
 

References 
 

AOAC. 1990. Offcial Methods of Analysis of the Association of Official Analytical Chemists. 

Vol. 2, 15th ed. K. Helrich (Ed.), pp. 910-930, 1045-1114. U.S.A. Association of 

Official Analytical Chemists, Inc. 

Chaithip, S. and Rattanapanon, N. 1996. Effect of temperature and coating on the quality and 

shelf-life of fresh and ready-to-eat pineapple. Full Research Report. Chiang Mai 

University 

Department of Meteorological. 2560. Thai Meteorological Department: Meteorological 

information. Available Source:https://www.tmd.go.th/services/services.php (January 

1, 2018) 

Joomwong, A. 2005. Assessment of quality in relation to maturity and cropping season of 

pineapple (Ananas comosus cv. Smooth Cayenne) fruit growing in northern Thailand.  

Doctor of philosophy (Biology) Chiang Mai university. 

Joomwong, A. 2006. Changes in chemical properties and sugars in pineapple berry fruit 

during ripening. Journal of Agricultural Science Vol. 37 No. 6 (Special) November-

December 2006. The 6th National Horticultural Congress, Chiang Mai. 

Joomwong, A. and SornSriwichai, J. 2006. Effect of harvesting time on translucency and 

chemical properties of pineapple (Ananas comosus cv. Smooth Cayenne) fruit. 

Journal of Agricultural Science Vol. 37 No. 5 (Special): 152-155. 

Panichkul, K. 2011. Changes in postharvest quality of pineapple (Ananas comosus cv. 

Smooth Cayenne)  in market system. Full research reports. Rajamangala University of 

Technology LannaLampang, Lampang 

Panyamongkol, S. 2017. The relation between Physical and chemical properties in poolae 

pineapple with maturity stage among number 0-7. Kasalongkham Research 

Journal. Issue 11, Volume 3, Special Issue Chiang Rai Rajabhat University. 

Paull, R.E. 1993. Pineapple and papaya in Biochemistry of Fruit Ripening. G. Seymour, 

J. Taylor., and G. Tucker (Eds.), pp. 291-323. Chapman & Hall, London  

Pothisawat, P. 2011. Comparative study on growth and quality of pineapple (Ananas comosus 

cv. Smooth Cayenne) varieties. Master Thesis. Kasetsart university, Bangkok. 

Pongjanta, J., Nuanboonreuang, A., Parnjai, L. and Buaphan, T. 2010. Changes in organic 

acids and sugars in pineapple juices (Ananas comosus cv. Smooth Cayenne) at 

different planting sites and ripening levels. Full research reports.Agricultural 

Technology Research Institute. Rajamangala University of Technology Lanna. 

Raiphuttha, J., Sritao, S., Chaiwong, S. and Suttilak, P. 2011.Effect of packaging types on the 

quality of PhuLae pineapple. Journal of Agricultural Science Vol. 42 No. 3 

(Special).  673 p. 

Riquelme, F., Pretel, M.T., Martinez, G., Serrano, M., Amoros, A., and Romo Jaro, F. 1994. 

Packaging of fruits and vegetables: recent result. In Food packaging and 

preservation. M. Mathlouthi (Ed.), pp. 141-168. U.K. Blackie Academic and 

Professional. 

Shamberger, R.J., B.A. Shamberger and C.E. Willis 1977. Malonaldehyde content of food. 

Journal of Nutrition 107: 1404-1409. 



Proceedings of the 9th Rajamangala University of Technology International Conference   219 

RMUT Driving Innovation for Thailand 4.0 
 
 

Siripanich, J. 2001. Physiology and postharvest technology of fruits and vegetables. 4th:  

Kasetsart University Press. Bangkok., 396 p. 

Siripanich, J. 2003. Physiology and postharvest technology of fruits and vegetables. 5th: 

Kasetsart University press. Bangkok., 369 p. 

Smith, L.G. 1988. Indices of physiological maturity and eating quality in Smooth Cayenne 

pineapples. 2. Indices of eating quality. Queensland Journal Agriculture and 

Animal Science. 45: 219-228 

Trairongjitmoh, S. and Somboon, P. 2011. Postharvest day assessment of pineapple using 

electronics noses. 34
th

 Electrical Engineering Symposium (EECON-34), Siam 

University. 

Watada, A.E., Abe, K., and Yamuchi, N. 1994.Physiological activities of partially processed 

fruits and vegetables. Food Techol., 44: 116-122 

Weerawoot, J. 1998.Pineapple and the physiology of pineapple growth. Kasetsart 

University, Bangkok Press.196 p. 

Wunderground. 2560. Weather underground: Historical weather. Available Source: 

https://www.wunderground.com/history/ (January 1, 2018) 

 

 



Proceedings of the 9th Rajamangala University of Technology International Conference   220  
 

 
RMUT Driving Innovation for Thailand 4.0   

 Effects of Carbon Sources And Inoculation Protocols On        
Carissa Acetification Process 

 
Ni-orn Chomsri1*,  Jutharat Yangprasert1, Punwika Wongkeaw1 and Kamonwan Manowan1  

ABSTRACT 
 

Acetification is an oxidative activity of ethanol to acetic acid performed by bacteria genera Acetobacter and Gluconobacter. The aim of the present study was to assess factors affecting carissa acetification process. Two factors of carbon sources at two levels and inoculation protocols of yeast culture for alcoholic fermentation at 3 levels were designated. Results revealed that L* color values of the final vinegars obtained from consecutive fermentation were significantly different in the range of 31.30-38.19 (p<0.05) and a* and b* values were in the ranges of 2.88-4.21 and 3.61-6.07, respectively (p>0.05). The turbidity and conductivity properties of the vinegars were between 12.45-14.70 NTU and 1.61-1.84 mS/m, respectively. The chemical properties of total acidity content, total anthocyanin content, total phenolic content and antioxidant activity were in the ranges of 2.63-4.16 %, 10.25-1.63 mg/L, 280.00-327.73 mg/L and 2 0 . 9 7 - 3 6 . 09  ( % ABTS scavenging effect), respectively. Sensory evaluation indicated that the panelists were satisfied with the carissa vinegars at the average score levels of 6.63-7.25 scores.  Keywords: Acetification, Carissa, Vinegar                      
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Introduction   Carissa carandas L. is an evergreen and spiny shrub belonging to Apocynaceae 
family. It is commonly known in many local names, e.g. Carandas (Bansal, 2014), Karanda and 
Carunda (Kubola et al., 2011), Karaunda (Mehmood et al., 2014) Namdaeng 
(Yuenyongphutthakal et al., 2012) Karamcha (Khatun et al., 2017). Karanda is a good source 
of phytochemicals with excellent health benefits (Chomsri et al., 2017). In recent years, the 
interest in Karanda has increased because of its pharmacological characteristics, e.g. treatment 
of constipation and diarrhea, stomachic, anorexia, intermittent fever, mouth ulcer and sore 
throat, syphilitic pain, burning sensation, scabies and epilepsy (Mehmood et al., 2014, Khatun 
et al., 2017; Bahdane and Pati, 2017). Karanda is widely studied in various areas as medicinal 
and dietary aspects. The fruit contains an astringent taste and it is claimed to be useful for cure 
of anemia, to improve female libido and to remove worms from the intestinal tract (Wani et al., 
2013). It is a common herb used in traditional system of medicine in Bangladesh (Khatun et al., 
2017). Bhadane and Patil (2017) reported the ripened Karanda fruits were rich of flavonoids, 
e.g. rutin, epicatechin, quercetin and kaemferol including phenolics, e.g. syringic acid, vanillic 
acid and caffeic acid. Research of drying of Karanda pomace revealed its alternative use of the 
tablet product (Yuenyongphutthakal et al., 2012). Maturity stage on the fruit quality and shelf-
life of Karanda were also studied to promote its utilization (Joomwong, 2014; Siritrakulsak et 
al., 2016). 

 Acetification is a typical two-stage fermentation process.  In the first stage, 
fermentable sugars are converted into ethanol by the action of yeasts, normally strains of 
Saccharomyces cerevisiae, while in the second stage, acetic acid bacteria (AAB) oxidize the 
ethanol to acetic acid (Baena-Ruano et al., 2016). This fermentation process is used for vinegar 
production. AAB are in family Acetobacteraceae and currently classified into twelve genera 
(Mounir et al., 2016). Although these bacteria members can produce acetic acid, the AAB 
recovered from vinegar fermentation are mainly distributed in the genera Acetobacter, 
Gluconobacter, and Gluconacetobacter (Sengun and Karabiyikli, 2011). These species have a 
relevant importance in vinegar production for their ability to oxidize ethanol to acetic acid 
which is an active component. Generally, there is 5-15.5 g acetic acid in 100 g of vinegar (Belitz 
et al., 2009). Vinegar is the most important single flavoring in food to give or enhance the sour, 
acidic taste of food. It is commonly used in a wide variety of food products, including 
mayonnaises, ketchups, sauces, chopped pickles, fermented beverage and brined vegetables 
(Pure et al., 2017).  Vinegar, diluted with water, was commonly used as a refreshing, non-
intoxicating drink in Roman times (Wood, 1998). Vinegar was used as medicine to fight 
infections and other acute conditions in Hippocrates’s time, but recent research suggests that 
vinegar ingestion favorably influences biomarkers for ulcerative colitis heart disease, cancer 
and diabetes (Johnston, 2009; Shen et al., 2016). Moreover, it can be used for inactivation of 
harmful bacteria (Park et al., 2016). Vinegar can be produced from many fruits such as grape, 
raspberry, apple, strawberry, pineapple, apricot (Chomsri et al., 2010, 2015; Hidalgo et al., 
2013; Mounir et al., 2016; Trček et al., 2016; Pure et al., 2017). 

 The aim of the present study was to investigate the influence of different carbon 
sources and inoculation protocols of yeast culture on carissa juice acetification process.  
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Materials and Methods  
1. Microorganism strains and growth medium  

Saccharomyces cerevisiae strain E, S.cerevisiae strain V and acetic acid bacteria were 
derived from the collection of the Section of Food Science and Technology, Agricultural 
Technology Research Institute, Rajamangala University of Technology Lanna, Lampang 
Province Thailand. Yeasts and bacteria were grown at 25 and 30oC on YPD and GY media, 
respectively.  

 
2. Carissa juice  

Carissa fruits were obtained from carissa trees grown in Agricultural Technology 
Research Institute, Lampang Province, Thailand in 2009. The carissa fruits were harvested and 
sorted out to eliminate defective units and washed. The seeds were taken out from the carissa 
fruits by hands. Then carissa flesh was crushed and pressed to obtain juice.  
 
3. Fermentation conditions  

Two factors of carbon sources at two levels, i.e. fructose syrup and longan honey and 
inoculation protocols of yeast culture for alcoholic fermentation at 3 levels, i.e. S. cerevisiae 
strain E, S.cerevisiae strain V and mixed culture of S. cerevisiae strain E and S.cerevisiae strain 
V at the ratio of 1:1, were designated. Triplicate experiments were conducted using 750 ml 
sterile bottles (650 ml carissa juice per bottle) at 20 oC for the first step of alcoholic 
fermentation. The yeast inoculum was aseptically transferred to the fermentation vessel to 
achieve the initial population of 1x106 cells/ml. The fermentation trial was terminated after 21 
days. Then, the acetic acid fermentation was introduced to substrates (alcohol) which were 
obtained from the first step of fermentation. The 2nd step fermentation was performed in 250-
ml flasks with a substrate volume of 100 ml. The substrate employed in this fermentation 
contained alcohol concentration of 6 % (v/v). An amount of 10 ml of acetic acid bacteria 
inoculum was added to the fermentation flask. The fermentation was performed at 30 oC for 14 
days. 
 
4. Chemical analysis   

pH was measured by a pH meter (Model C831, Belgium). Total acidity was determined 
by diluting each 5 ml aliquot of sample in 50 ml distilled water and then titrating to pH 8.2 
using 0.1 N NaOH (Iland  et al., 2000). Titratable acidity was expressed as acetic acid 
percentage. Total soluble solid content was determined on an Atago hand-held refractometer. 
Ethanol concentration was measured by ebulliometer (Dujardin – Salleron, Noizay, France) 
according to Iland et al. (2000). Free alpha amino nitrogen (FAN) was quantified by 
spectrophotometric method (Intaramoree and Chomsri, 2014). Total anthocyanin content was 
evaluated by the method of Giusti and Wrolstad (2005). The modified method of Spinola et al. 
(2015) was used to evaluate total phenolic content. The antioxidant activity was determined by 
modified method of Wongputtisin et al. (2007). 

 
4. Sensory analysis   

Sensory descriptive analysis was used for the intensity of vinegar odors (Meilgaard et 
al., 2006). The vinegar products were assessed for odor attributes of ethyl acetate, pungent 
sensation, honey, fruit wine, complex and overall acceptance. A sensory panel of 20 trained 
individuals was selected internally. Intensities were scored on a 10-cm-line scale; data were 
statistically analyzed and visually represented in the form of spider diagrams. 
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5. Statistical analysis   

All the experiments were carried out with replications. Analysis of variance (ANOVA) 
was used to compare mean differences of the samples. Significant differences between 
treatments were analyzed by Duncan’s new multiple range test (DNMRT) at a 0.95 significance 
level. Values were expressed as the mean of all replicate determinations standard deviation. 

  
Results and Discussion  
 
1. Effect of carbon sources and inoculation protocols of yeast culture on physical and 
conductivity parameters of end products 
 In this study, end products of acetic acid fermentation process of carissa juice were 
analyzed for physical properties and conductivity. Results showed that two carbon sources, i.e. 
syrup and honey and three inoculation protocols of yeast culture for alcoholic fermentation, i.e. 
S. cerevisiae strain E, S.cerevisiae strain V and mixed cultures of S. cerevisiae strain E and S. 
cerevisiae strain V affected the color values, turbidlity and conductivity of vinegar products. 
The use of syrup as carbon source produced higher lightness of L* value compared to honey 
whereas different yeast protocols did not show a substantial difference on L* color value. 
However, acetification products, i.e. vinegar obtained from different yeast inoculation protocols 
exhibited significant difference values redness (a*) and yellowness (b*) as shown in Table 1 
(p<0.05). Vinegar products obtained from 6 treatments showed L*, a* and b* color values in 
the ranges of 31.30 to 38.19, 2.88 to 4.21 and 3.61 to 6.58, respectively (Table 1). 
 The turbidity and conductivity parameters of the final vinegar products were in the 
ranges of 13.20-61.00 NTU and 1.03-1.89 mS/m, respectively. The use of different carbon 
sources and inoculation protocols of yeast culture in acetification fermentation process of 
carissa juice had an impact on turbidity and conductivity of end products. The vinegars obtained 
from alcoholic substrates with honey as carbon source had greater values of turbidity and 
conductivity (p<0.05). These different fermentation behaviors affected by different alcoholic 
substrates and inoculum cultures were also observed by Chomsri et al. (2010, 2015), Thepkaew 
and Chomsri (2013), Chomsri and Thepkaew (2016). Additionally, different compounds, e.g. 
amino acids, proteins, sugars, existing in syrup and honey including metabolites produced 
during fermentation could also substantially influence the values of turbidity and conductivity 
(Vaclavik and Christian, 2008; Miranda et al., 2016; Deng et al., 2018). 
 
Table 1 Color, turbidity and conductivity of end products from fermentation with different  

  carbon sources and inoculation protocols of yeast culture 
 

Factors L* a* b* Turbidlity 
NTU 

Conductivity 
mS/m 

Factor A * ns ns * * 
Syrup (S) 37.51+0.80a 3.80+0.46 5.42+1.45 32.30+19.18b 1.24+0.19b 
Honey (H) 32.48+1.18b 3.35+0.53 5.281.28 43.90+20.88a 1.65+0.33a 
Factor B ns * * * * 
S. cerevisiae strain E 
(E) 34.74+4.05 3.04+0.27b 3.79+0.60b 22.75+6.29c 1.56+0.37a 
S. cerevisiae strain V 
(V) 34.72+2.16 3.98+0.48a 6.25+0.95a 58.25+3.17a 1.34+0.14c 
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E + V 35.51+2.65 3.70+0.34a 6.01+0.39a 33.30+23.21b 1.44+0.46b 
Interaction * ns ns * * 
S-E 38.19+0.12a 3.21+0.03 3.61+0.07 28.20+0.28d 1.24+0.00d 
S-V 36.52+0.32a 4.21+0.08 6.58+0.71 55.50+0.00b 1.46+0.00c 
S-E+V 37.81+0.14a 3.97+0.03 6.07+0.04 13.20+0.00f 1.03+0.07f 
H-E 31.30+1.28c 2.88+0.32 3.98+0.97 17.30+0.00e 1.89+0.00a 
H-V 32.92+1.02bc 3.75+0.70 5.92+1.32 61.00+0.00a 1.22+0.01e 
H-E+V 33.21+0.20b 3.43+0.26 5.95+0.67 53.40+0.42c 1.84+0.00b 

ns denotes means are not significantly different (p>0.05); fructose syrup with S. cerevisiae 
strain E (S-E), fructose syrup with S. cerevisiae strain V (S-V), fructose syrup with S. 
cerevisiae strain E and V (S-E+V), honey with S. cerevisiae strain E (H-E), honey with S. 
cerevisiae strain V (H-V) and honey with S. cerevisiae strain E and V (H-E+V) 

* Means in a column with the different letters represent significant differences (p<0.05) 
 

 
2. Effect of carbon sources and inoculation protocols of yeast culture on chemical 
parameters of the final vinegars 
 Chemical analyses of pH, total acidity and total soluble solids in end products, i.e. 
vinegar of acetic acid fermentation process of carissa juice were in ranges of 2.64-2.69, 2.63-
4.16% and 3.80-4.40 oBrix (Figure 1), respectively. It has been reported that a high 
concentration of acids during acetous fermentation is mainly related acetic acid produced by 
acetic acid bacteria (Song, 2016).The highest concentration of acetic acid was detected in the 
final vinegar product with honey as a carbon source and mixed yeast inoculum protocol, 
although the values of acidity were different depending on carbon sources and inoculation 
protocols used for fermentations. This could be possibly described by some nutrients found in 
honey might support microbial growth during alcoholic fermentation better than nutrients found 
in syrup (Mendes-Ferreira et al., 2010), hence greater amount of acids was obtained.  The yield 
of acids reached 87% in this study which could be improved via various tactics such as nutrient 
feeding strategy (Qi et al., 2017), species selection (Trcek et al., 2016; Yuan et al., 2017). The 
acetic acid concentration of 4.16% in the end product with honey and mixed yeast achieved the 
required standard of the Thai legislation as vinegar, in agreement with previous report (Viana 
et al., 2017).  
 

    
Figure 1  pH, total acidity and total soluble solid content of end products fermented by different  
                carbon sources and inoculation protocols; fructose syrup with S. cerevisiae strain E (S-E),      
                fructose syrup with S. cerevisiae strain V (S-V), fructose syrup with S. cerevisiae strain E  
                and V (S-E+V), honey with S. cerevisiae strain E (H-E), honey with S. cerevisiae strain V   
                (H-V) and honey with S. cerevisiae strain E and V (H-E+V) 
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Utilization of syrup and honey as carbon sources with different inoculation protocols of 
yeast culture for acetic acid fermentation process of carissa juice resulted in variation of 
chemical properties of free alpha amino nitrogen content, total anthocyanin content, total 
phenolic content and antioxidant activity in vinegars (Table 2).  Considering FAN 
measurements in vinegars of this study, the values remained between 1.19-2.24 mg/l. It is 
generally agreed that a concentration exceeding 140 mg N/L is adequate for a low risk of 
sluggish or stuck fermentation (Ugliano et al., 2007; Torrea et al., 2011). This means that 
substrates used in this trial might not be a sufficient and efficient source of assimilable nitrogen 
to support yeast growth during its fermentation. However, many factors such as pH, 
temperature, oxygen, fermentation techniques could influence final constituents in the end 
products of alcoholic and acetous fermentation (Sengun and Karabiyikli, 2011; Krusong et al., 
2014). 

Measurements of total anthocyanin content, total phenolic content and antioxidant 
activity were performed to understand the influence of fermentation conditions on compounds 
related health concern in vinegars. Little amounts of total phenolic were detected in the vinegars 
of this study in comparison to other reports (Cerezo et al., 2010; Hidalgo        et al., 2013), 
whereas total phenolic contents were in ranges as previously reported (Andlauer et al., 2000; 
Ubeda et al., 2013). Antioxidant activity of vinegars were between 20.97 and 36.09 % ABTS 
scavenging effect which decreased approximately 30% compared to the carissa juice (Chomsri 
et al., 2017). This reduction could be caused by many factors such as degradation during 
fermentation, substrate preparation and fermentation condition (Andlauer et al., 2000; Ubeda 
et al., 2013; Chomsri et al., 2015). 
 
Table 2 Chemical properties of vinegars fermented by different added carbon sources and 
inoculation protocols of yeast culture 

Factors FAN† TAC† TPC† AOA† 
Factor A * ns * * 
Syrup (S) 1.63+0.36b 0.57 + 0.32 318.56 + 7.37a 32.40+3.10a 
Honey (H) 1.96+0.23a 0.92 + 0.68 307.65 + 21.59b 29.64+6.75b 
Factor B * ns * * 
S. cerevisiae strain E (E) 1.55+0.41c 0.69 + 0.29 318.07 + 6.35b 35.27+1.39a 
S. cerevisiae strain V (V) 1.74+0.03b 0.60 + 0.37 297.50 + 20.38c 31.52+2.37b 
E + V 2.10+0.21a 0.94 + 0.88 323.75 + 4.74a 26.28+6.14c 
Interaction * * * * 
S-E 1.19+0.02c 0.57 + 0.12c 312.95 + 3.53d 36.09+1.61a 
S-V 1.75+0.05b 0.90 + 0.08ab 315.00 + 1.28cd 29.53+0.60d 
S-E+V 1.96+0.19b 0.25 + 0.31c 327.73+ 1.28a 31.59+0.30cd 
H-E 1.91+0.01b 0.81 + 0.42ab 323.18 + 1.93ab 34.45+0.70ab 
H-V 1.75+0.03b 0.31 + 0.27c 280.00 + 4.49e 33.52+0.80bc 
H-E+V 2.24+0.14a 1.63 + 0.57a 319.78 + 1.60bc 20.97+0.60e 

 
       ns denotes means are not significantly different (p>0.05); fructose syrup with S. cerevisiae strain E 

(S-E), fructose syrup with S. cerevisiae strain V (S-V), fructose syrup with S. cerevisiae strain E 
and V (S-E+V), honey with S. cerevisiae strain E (H-E), honey with S. cerevisiae strain V (H-V) 
and honey with S. cerevisiae strain E and V (H-E+V) 

* Means in a column with the different letters represent significant differences (p<0.05) 
†  FAN = free alpha amino nitrogen content (mg/L), TAC = total anthocyanin content (mg/L),  
   TPC = total phenolic content (mg/L), AOA = antioxidant activity (% ABTS scavenging effect) 
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Sensory descriptive analysis revealed diversity of odor intensities as shown in Figure 2. 
Panelists evaluated pungent intensity of acetic acid to be a scale value of 4.88–7.36. This high 
intensity indicated the vinegar characteristics. There were no significant differences between 
the two carbon sources and the three inoculation protocols of yeast culture which might be due 
to a strong odor of acetic acid existing in the end products. However, the overall impression 
scale was rated at high scale value of 6.63-7.25 indicating desirable quality of carissa vinegars.  

  

   

 

  

 

  

 

 Figure 2  Sensory analysis of end products fermented by different added carbon sources and   
                inoculation protocols of yeast culture; fructose syrup with S. cerevisiae strain E  
                (S-E), fructose syrup with S. cerevisiae strain V (S-V), fructose syrup with  
                S. cerevisiae strain E and V (S-E+V), honey with S. cerevisiae strain E (H-E),  
                honey with S. cerevisiae strain V (H-V) and honey with S. cerevisiae strain E and    
                V (H-E+V) 
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 Conclusion  
 

Utilization of syrup and honey as carbon sources with different yeast inoculation 
protocols of yeast culture for acetic acid fermentation process of carissa juice produced end 
products of vinegar with diversity of physicochemical and sensorial properties. 
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Analysis of Heavy Metals Using 5-amino Levulinic Acid (ALA)-
Chitosan Modified Electrodes 

 
Rattiya Saradit1*   ABSTRACT 

 
This research describes the preparation and modification of electrodes with 5-amino 

levulinic acid (ALA)-chitosan. The electrochemical characterization and optimum 
parameters of ALA-chitosan modified electrodes were investigated by cyclic voltammetry. 
The results show that the ALA-chitosan modified electrode is effective in measuring lead 
due to the high current and stable voltage. The optimal conditions were sodium acetate 
solution at pH 7 as supporting electrolyte, a scan rate of 0.6 V/s, a deposition time of 80 s, 
an equilibration time of 20 s. and a correlation coefficient of 0.995. 

 Keywords: Modified electrode, Chitosan, 5-amino levulinic acid                 
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The techniques that have been employed for the determination of trace metal ions 
include atomic absorption spectrometry (AAS), inductively coupled plasma-mass spectrometry 
(ICP-MS), and inductively coupled plasma-optical emission spectrometry   (ICP-OES) and 
electrochemical techniques. Spectroscopic techniques are very expensive and require 
preconcentration. Electroanalytical techniques can be considered the most powerful techniques 
due to their excellent detection limits, high sensitivity, capacity for multielement determination, 
high speed, simplicity, and relatively low cost.  Mercury has been the most commonly used 
electrode material in various configurations for electrochemical determination of trace metal 
ions. Despite advantages such as the formation of amalgam and high overvoltage for gases, 
among others, there have been numerous attempts to replace mercury, which is well-known for 
its toxicity, with a nontoxic or less-toxic electrode material (Pipat, 2017).  

In recent years, researchers in electrochemical method applications of chemically modified 
electrodes (CMEs) have shown great interest in various areas of research and development for 
electrocatalysis, electronics, biosensors and electroanalysis (Martínez-Huitle et al., 2010). 
CMEs are electrodes with chemically active species, resulting from the immobilization of a 
modifying agent on the surface of a base electrode in order to preset and control the physical-
chemical nature of the electrode-solution interface as a means of altering the reactivity and 
selectivity of the base sensor (Souza, 1997). The modification of these electrodes can be 
performed in several ways and using different materials. Chitosan has been identified as an 
effective reactant for chemical extraction and determination of metals. The NH2 groups of 
chitosan can react with aldehydes or ketones to form imines (Nuriye et al., 2012). It has been 
reported that chitosan Schiff bases have excellent chelation ability with heavy metal ions. 
Multidentate Schiff bases have been widely used as ligands, because they can be easily attached 
to metal ions due to the formation of highly stable coordination compounds. In addition, these 
compounds have been recently used as ionophores in metal sensors (Kucukkolbasi et al., 2013). 

Carbon paste electrodes (CPE) have drawn the attention of researchers in recent years for 
their desirable properties, including the ease of preparation and the detection applications   (Lu 
et al., 2001). Therefore, the aim of this work was to prepare and modify electrodes with 5-
amino levulinic acid (ALA). Cyclic voltammetry was used to investigate the optimum 
parameters and determine trace amounts of heavy metals.  Materials and methods  

1.  Preparation of 5-amino levulinic acid-Chitosan particles (ALA-C) 
Chitosan (150 mg) was dissolved in 10 ml of 2% acetic acid and added to 990 ml of 

ALA solvent, following sonicate for 40 seconds at 120 watts on an ice bath. The reaction 
mixture was then magnetic stirred for 4 hours and centrifuged to precipitate at a speed of 12,000 
rpm and 4 °C for 15 minutes. The nanoparticles were collected in clear 15% mannitol before 
being freeze dried.  

 
2.  Preparation of carbon paste modified by ALA-chitosan (ALA-CCPE)  

The modified carbon paste electrode (ALA-CCPE) was prepared by hand-mixing 73.7% 
graphite powder and 5.3% ALA-C, followed by mixing with 21% paraffin oil in a mortar for 
approximately 10 min to form a homogeneous solution. The mixture was placed in the inner 
hole of the working electrode body. The electrode surface was polished with a weight paper 
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until shiny. It was used directly for voltammetric measurements without preconditioning. The 
electrodes were only washed with distillated water and stored in a refrigerator at +4 °C when 
not in use (Kucukkolbasi et al., 2013). 

 
3.  Analytical Procedure  

 25 ml of 0.2 mol/L sodium acetate solution and 3 ml of standard solution (1x10-3 mol/L) 
were added in a measuring vessel. The three-electrode system consisted of ALA-CCPE as a 
working electrode, platinum wire as a counter electrode and Ag/AgCl electrode as a reference 
electrode. Nitrogen gas was purged for 3 min to eliminate interfering oxygen. The 
electrochemical behavior of ALA-CCPE was examined by cyclic voltammetry (CV). The 
optimum conditions for the modified electrode, including electrolyte solution, pH, scan rate, 
deposition time and equilibration time, were studied with the same method.  Results and Discussion 
 

1. Electrochemical behaviors of copper and lead 
The electrochemical behaviors of the Cu(II) and Pb(II) ions on the carbon paste 

electrode modified with 5-amino levulinic acid-chitosan were studied in terms of the effect on 
cyclic voltammetry.  
                 
Figure 1 Cyclic voltammograms of (a) Cu(II) and (b) Pb(II) at ALA-chitosan modified    
                electrode 
 

ALA-Chitosan Carbon Paste Electrode (ALA-CCPE) was used for the study of 
electrochemical behavior of the copper content by using Cyclic Voltammetry. The oxidation 
peak was carried out at -0.23 V and the current was 0.78 μA. The reduction peak, carried out at 
-0.38 and -0.81 V, gave currents of -107 mA and -185 mA, respectively. The electrochemical 
behavior of lead showed the oxidation peak at -0.31 V, giving a current of 140 mA, as shown 
in Figure 1. 
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The voltammetric peak of  Pb (II) was observed to be higher than Cu(II) at the modified 
carbon paste electrode. The result indicates that CNSB can greatly promote the 
preconcentration of Pb(II) and significant increase the sensitivity of the determination of Pb(II). 
The results show that the modified carbon paste electrode is an efficient sensor for the sensitive 
determination of Pb(II) ions. 

 
The redox reaction of Cu(II) on ALA-CCPE 
             Cu(s)         →       Cu2+(aq) + 2e-                 V  =  -0.23  v 
       Cu2+(aq) + e-    →       Cu+(aq)                        V  =  -0.38  v 
       Cu+(aq)  + e-     →       Cu(s)                        V  =  -0.81  v 
The oxidation reaction of Pb(II) on ALA-CCPE 
              Pb(s)        →        Pb2+(s) + 2e-                    V  =  -0.31 v      
 

2. Optimization of analytical conditions 
2.1 pH and supporting electrolyte 
The influence of pH of the solutions on the Pb(II) signal was investigated in the range 

of 3.0-10.0 in the presence of 1000 mg/L Pb(II). The peak current increased with an increase 
of pH from 3 to 7 and decreased above pH 8 (Figure 2). At lower pH (pH<5) and higher pH 
(pH>8) the modifier loses its ability to complex with Pb(II), and the peak current decreases 
because the degradation of ALA-C takes place and the ability to immobilize Pb(II) is lost 
(Martínez-Huitle et al., 2010). Furthermore, at higher pH, the peak current decreased and the 
peak shape was deformed due to the hydrolysis of Pb(II) in basic solution (Rong et al., 2009). 
The peak current reached a maximum value around pH of 7.0. To achieve maximum sensitivity, 
the pH 7.0 was used in all subsequent experiments. 

The supporting electrolyte can greatly affect the voltammetric response of the sensor. 
The effect of various supporting electrolytes (HCl, NaNO3, KNO3 and NaAc solutions) on the 
stripping peak currents of Pb(II) was investigated at pH 7.0. The best voltammetric results were 
obtained in NaAc solution including HCl, NaNO3, KNO3 and NaAc, solutions. 
 

 
 

 
 
 
 
 
 

 
 

 
 
Figure 2 The relationship of peak current and pH of Pb(II) standard solution in NaAc    
               (pH 7) as electrolyte solution at ALA-Chitosan modified electrode 
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2.2 Scan rate 
The influence of the scan rate of the solutions on the Pb(II) signal was investigated in 

the range of 0.1-1 V/s. in the presence of 1000 mg/L Pb(II). The peak current increased with 
the increase of the scan rate to 0.6 V/s (Figure 3). The scan rate at 0.6 V/s was used in all 
subsequent experiments. 
  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 The relationship of peak current and scan rate of of Pb(II) standard solution  
               in NaAc (pH 7) as electrolyte solution at ALA-Chitosan modified     
               electrode 
 2.3 Deposition time and Equilibration time 
Deposition time can apparently influence the determination of Pb(II). The peak current 

was investigated in the range of 0-100 s in the presence of 1000 mg/L Pb(II). The peak current 
increased with the increase of deposition time to 80 s, after which the current decreased (Figure 
4). The surface of the modified electrode was completely covered by Pb(II), which resulted in 
distortions of observed peaks. Taking into account sensitivity, repeatability and efficiency, the 
accumulation time of 80 s was used in all following experiments.   

Equilibration time was investigated in the range of 5-30 s. in the presence of 1000 mg/L 
Pb(II). The peak current increased with the increase of equilibration time to 20 s (Figure 5). 
The equilibration time at 20 s was used in all subsequent experiments. 

   
 
 
 

 
 
 
 
 
 
 
 
 
Figure 4. The relationship of peak current and deposition time of Pb(II) standard  

 solution in NaAc (pH 7) as electrolyte solution at ALA-Chitosan modified   
 electrode 
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Figure 5. The relationship of peak current and equilibration time of Pb(II) standard  
               solution in NaAc (pH 7) as electrolyte solution at ALA-Chitosan modified     
               electrode 
 
2.4 Linear range and detection limit 
 The peak current is related to Pb(II) concentration over the range of 1 to 100 µg/l with 

a linear regression correlation coefficient of 0.995. The detection limit of Pb(II) by developed 
method under the optimized conditions is 40 µg/l.  
 Conclusion 
 

Chitosan was successfully synthesized by ionotropic gelation of chitosan and 5-amino 
levulinic acid. Chitosan-bound Schiff bases of 5-amino levulinic acid were then prepared. The 
synthesized compound can be used as a modifier in carbon paste electrodes (CPE). The most 
successful aspect of this work was to prepare a simple and selective sensor for Pb(II) by using 
a chitosan-modified carbon paste electrode. 
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Mechanical Properties and Swelling of Natural Rubber 
Vulcanizate Filled with Rice Bran Carbon 

 
Darinya Moonchai1*, Philaiwan Pornprasit1, Vimol Donmoon1, and Sasidhorn Chanputdha1 

 
ABSTRACT  

In this research, rice bran carbon (RBC) was used as a filler in natural rubber. The effects 
of RBC on swelling and mechanical properties of natural rubber vulcanizate were investigated. 
RBC was prepared using a carbonization temperature of 600 C for 60 min.  The particle size 
of RBC was 74- 102 µm. Filler content was varied at 0, 10, 20, 30, 40 50 and 60 phr (parts per 
hundred of rubber). The results indicated that an increased RBC loading caused an increase in 
hardness, modulus and swelling resistance.  In addition, increasing the RBC loading caused a 
decrease in tensile strength, elongation at break and rebound resilience. The properties of the 
RBC-filled natural rubber vulcanizate were also compared with industrial grade carbon black 
(N330)-filled natural rubber vulcanizate. At similar filler loading, carbon black (N330) gave 
higher tensile strength, modulus, hardness and swelling resistance. However, RBC-filled 
natural rubber vulcanizate showed higher elongation at break and gave higher rebound 
resilience at 30-60 phr of filler. 
 
Keywords: Natural rubber, Rice bran carbon, Carbon black, Swelling, Mechanical properties 
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  University, Chiang Mai 50290, Thailand 
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Introduction 
 

Carbon black is known as the most effective reinforcing filler for rubbers. The 
incorporation of carbon black normally increases tensile strength, tear strength, modulus and 
abrasion resistance of rubber compounds (Li et al., 2014). However, carbon black is a non-
renewable material. The use of renewable materials as fillers for natural rubber (NR) 
compounds by several natural resources such as rice husk ash, fiber, starch, chitin and defatted 
rice bran has become an issue of major interest (Sai-Oui et al., 2002; Gopalan and Dufresne, 
2003; Lin et al., 2004; Arayapranee and Rempel, 2008; Mondragon et al., 2009; Kanking et al., 
2012; Moonchai et al., 2012; Moonchai and Moonchai, 2013;            Moonchai et al., 2016). 
Fillers derived from renewable materials have attracted interest because of their low cost, 
renewability and environment-friendly nature. However, most renewable materials have no 
reinforcement ability.  

Rice bran, a low-value agriculture waste, is a by-product of the rice-milling process. It 
is also the source of high quality edible oil. Rice bran oil is extracted from rice bran, leaving 
defatted rice bran (DRB) as a by-product. DRB still contains significant amounts of protein, 
carbohydrate, dietary fibre and phenolic substances (Wiboonsirikul et al., 2007).       Moonchai 
et al. (2012) studied the use of DRB as a filler in NR. According to the results, DRB exhibited 
no reinforcement ability on the rubber compounds because of its large particle size. The particle 
size has a strong influence on the reinforcement ability of fillers (Kumar and Gupta, 1998).  

In this work, carbonization was used to reduce the particle size of DRB in order to 
improve the reinforcement ability of DRB. RBC was produced from the carbonization of DRB 
at 600C for 60 min. The effects of RBC on swelling, and mechanical properties of vulcanized 
NR were investigated. The properties of the RBC-filled natural rubber vulcanizate were also 
compared with industrial grade carbon black (N330)-filled natural rubber vulcanizate.     

 Materials and Methods 
 
1. Preparation of rice bran carbon  

RBC was obtained from the carbonization of DRB at 600°C for 60 min using                                     
an electrically heated furnace (model TNF-66-3, TCR-TYPE PY-55, Paragon). The DRB was 
passed through a 40-mesh screen before the carbonization. The particle size obtained by particle 
analyzer laser (Malvern, Mastersizer) was 74-102 µm. The chemical compositions of RBC were 
determined by X-ray fluorescence spectrometer (JEOL, JSX-340). It was found that the RBC 
consisted of MgO, SiO2, P2O5, K2O, CaO, MnO, Fe2O3 and ZnO.  
 
2. Materials and preparation of rubber compounds  

All mixing ingredients were used as received. NR (STR 20), elemental sulphur (2.5 phr), 
stearic acid (2 phr), zinc oxide (4 phr), accelerators, paraffinic oil (3 phr), and antioxidant 
(Lowinox® CPL, 1 phr) were purchased from Lucky Four Co. Ltd. (Thailand). Two types of 
accelerators were used: dibenzothiozyl disulphide (Vulkacit® MBTS, 1 phr) and 
tetramethylthiuram disulphide (Vulkacit® TMTD, 0.5 phr). Stearic acid and zinc oxide were of 
rubber grade. Two fillers were used: RBC (varied; 0-60 phr) and carbon black (N330, varied; 
0-60 phr). N330 was purchased from Lucky Four Co. Ltd.  

Mixing was carried out in a two-roll mill (model YFTR-8). The rubber compounds were 
then compression-moulded at 150°C using a hydraulic hot press (OOMN semi-automatic 
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moulding press model HPC-100(D)) according to their respective cure times (t90) from the cure 
curves.  The cure time (t90) was measured using a moving die rheometer (model UR-2010) that 
was operated at 150°C with 3° arc for 60 min, following ISO 6502. 
 
3. Swelling test 

The swelling test was performed to determine the swelling behavior of vulcanized 
rubber samples when immersed in toluene. The samples with 1 x 1 x 0.2 cm3 were used to study 
the swelling behavior. Swelling behavior was determined by the change in mass. The rubber 
vulcanized test pieces of known weight (W1) were immersed in toluene in test bottles and kept 
at room temperature for 96 hours until values with ±0.0001 g precision were obtained. Samples 
were removed from the bottles and the wet surfaces were quickly wiped using tissue paper and 
re-weighted (W2). The swelling of filled-NR vulcanizates was calculated as following: 
Percentage swelling = (W2-W1/W1) x100, where, W1 is the initial weight and W2 is the swollen 
weight. 
                              
4. Mechanical properties test 

The tensile properties were determined using an Instron universal testing machine 
(model 5569, Instron Corp., USA) with a crosshead speed of 500 mm/min., and 1-kN load cell. 
The specimens were stamp-cut from a 2-mm-thick compression-moulded sheet. The dimension 
of the test specimens used was type I according to ISO 37. The specimens were symmetrically 
placed at the grips of the testing machine to achieve uniform tension distribution over the cross 
section. The tensile strength was determined from stress at rupture while the modulus at 100% 
strain was evaluated from the tensile stress at 100% elongation. The elongation at break was 
also determined. The sample hardness was determined using a Shore A durometer (model HPE-
A, Bareiss, Germany) in accordance with ASTM D2240-05. It was determined at three different 
positions on the specimens (about 6-mm thick) and the median value was indicated. The 
rebound resilience was determined according to DIN 53512 using a rebound tester (Rebound 
Check-Pendolo Shob). The rebound resilience was calculated as follows: Percentage resilience 
= (1 - cosα) × 100, where α is the maximum rebound angle.  
 Results and Discussion 
 
1. Swelling 
 Figure 1 shows the swelling values of natural rubber vulcanizates filled with RBC and 
N330. It was observed that the swelling decreased with an increase in filler loading. The 
swelling is affected by several factors, including crosslink density, filler dispersion in the NR 
and nature of the filler (Ekebafe et al., 2010). The crosslink density of the NR vulcanizates is 
related to the swelling; higher swelling means a lower crosslink density. Decreasing the 
swelling values and increasing the filler content showed the extent of crosslinking of the filled-
NR vulcanizates. Moreover, the swelling decreased with increasing filler content because each 
filler particle acted as an obstacle to the diffusion molecules and thus reduced the amount of 
penetrant solvent (Ekebafe et al., 2010). Compared to N330-filled NR vulcanizate, RBC-filled 
NR vulcanizate exhibited lower swelling resistance. Therefore, it can be concluded that N330 
gave higher crosslink density. The additional crosslinks are formed on the filler surface and the 
carbon black particles acted as giant crosslinks, resulting in the swelling restriction of N330-
filled NR vulcanizate.  
 



Proceedings of the 9th Rajamangala University of Technology International Conference   242  
 

 
RMUT Driving Innovation for Thailand 4.0   

                 Figure 1. Swelling of NR vulcanizates with different fillers  
 

2. Mechanical properties 
In this study, the effects of RBC on the mechanical properties were studied. The 

mechanical properties were also compared with industrial grade carbon black (N330). The 
results are shown in Figure 2-6. It was observed that the filler loading affected the most of 
mechanical properties of NR vulcanizates for both the RBC and N330. An increasing of filler 
loading of RBC caused a decrease in the tensile strength, elongation at break and rebound 
resilience while hardness and modulus increased. The addition of N330 in the NR vulcanizate 
caused an increase in the tensile strength, hardness, modulus and a decrease in the elongation 
at break and rebound resilience. The increase of tensile strength of N330-filled NR vulcanizate 
is due to the reinforcing effect of carbon black. The elongation at break decreased with an 
increasing of filler content. This trend may be attributed to the fact that both crosslink density 
and rigid filler-rubber interface increase with the increasing of filler content. This can be also 
observed by an increasing of modulus and hardness. The rebound resilience dropped with an 
increasing of filler content. This is simply attributed to the dilution effect, because it is well 
known that the rubber portion gives an elastic property as measured in term of the rebound 
resilience (Sae-Oui et al., 2009). 

Compared to N330-filled NR vulcanizate, the RBC-filled NR vulcanizate showed lower 
tensile strength, modulus and hardness but it gave higher elongation at break and higher 
rebound resilience at 30-60 phr of filler loading. From the results, the improvement of the 
tensile strength of N330-filled NR vulcanizate is due to the reinforcement ability of N330. This 
observation could be attributed to the fact that apart from filler loading, other factors, such as 
particle size, structure and natural of filler play significant roles in determining the 
reinforcement ability of the fillers. The improved reinforcement which is given by N330 may 
be attributed to the small particle size and its surface properties. N330 is an industrial grade 
carbon black which has a small particle size (83 nm). RBC exhibited a large particle size with 
74-102 µm, which may contribute to the lower-reinforcement ability of RBC. Aguele and 
Madufor (2012) also reported that the modulus of carbon black NR vulcanizate was higher than 
that of carbonized coir NR vulcanizate. This behavior can be explained by the fact that adhesion 
occurred between the carbon black and the rubber matrix, which led to the increase in stiffness, 
rigidity, and hence the modulus. Generally, the hardness is related to the rebound resilience of 
NR vulcanizates: highly stiff materials show lower rebound resilience (Moonchai and 
Moonchai, 2013). Therefore, the RBC-filled NR vulcanizate with lower hardness showed 
higher rebound resilience.  
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                                   Figure 2. Tensile strength of NR vulcanizates with different fillers  
 

     
Figure 3. Elongation at break of NR vulcanizates with different fillers  

 

                                          Figure 4. 100% Modulus of NR vulcanizates with different fillers  
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                    Figure 5. Hardness of NR vulcanizates with different fillers  
 

                                       Figure 6. Rebound resilience of NR vulcanizates with different fillers  
 Conclusion 
 

This work explored the use of RBC as a filler in NR vulcanizate. RBC was prepared by 
carbonization at 600 OC. The properties of the RBC-filled NR vulcanizate were also compared 
with industrial grade carbon black (N330)-filled NR vulcanizate. It was found that N330 gave 
higher reinforcement ability. Compared to N330-filled NR vulcanizate, the RBC-filled NR 
vulcanizate showed higher elongation at break and higher rebound resilience at 30-60 phr of 
filler loading. From the results, the RBC was classified as a non-reinforcing filler for natural 
rubber because of its large particle size and deterioration of mechanical properties. Thus, RBC 
can potentially be used as a cheaper and more environment-friendly natural filler.  
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Strength and Strain-induced Crystallization of Vulcanized 
Natural Rubber 

 
Watcharin Sainumsai1, 2*, Krisda Suchiva 2, 3, and Shigeyuki Toki 2, 3, 4 

 ABSTRACT 
 The present work is concerned with the study of the effect of crosslink density of sulphur- vulcanized natural rubber ( NR)  on strain- induced crystallization ( SIC)  and tensile 

strength of NR vulcanizate.  SIC of varied crosslink densities of vulcanized NR are compared 
using a synchrotron wide-angle X- ray diffraction (WAXD) .  It was found that the crosslink 
density has almost no effect on the onset of SIC for low crosslink density, but for high crosslink density (above 8x10-5 mole/cm3) , the onset of SIC showed slight decrease.  The strain-induced 
crystallinity index was found to increase with increasing crosslink density then decreased. 
Tensile strength showed similar dependence on the crosslink density.  The crystallinity index 
developed reaches a constant value of about 1. 5 even at high strain.  Since the stress still 
continues to rise even after the degree of crystallinity reaches a constant value, it was proposed that the high tensile strength of NR vulcanizate is not the direct consequence of SIC as is widely believed but is due to orientation of the molecular segments, particularly those connected to the crystalline structures. 
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Introduction 
 

Natural rubber (NR, cis-1,4-polyisoprene) vulcanizates show great physical and 
mechanical properties in tensile strength and fatigue resistance, together with high hysteresis 
energy (Gent, 1992). Since these characteristics take place without addition of any filler. In 
particular, its high tensile strength (20-30 MPa) and large strain at break (8.0-10.0) are excellent 
in comparison with the case of unfilled SBR (Styrene Butadiene Rubber) vulcanizate where the 
tensile strength is about 1.5-2.0 MPa and the strain at break is 4.0-5.0. These superior properties 
of NR have been assumed to be due to its strain-induced crystallization (SIC) ability (Roberts, 
1988; Mark et al., 1994; Murakami et al., 2002; Toki et al., 2002). Therefore, the study on SIC 
behavior of crosslinked NR is the most importance for elucidating the mechanical 
characteristics of NR. 

The strain-induced crystallization in NR has been observed and studied by X-ray since 
1925 (Katz, 1925). The increase of strain-induced crystallization in NR with strain had been 
studied extensively (Gehman and Field, 1939; Bunn, 1941; Luch and Yeh, 1973; Shimomura 
and White, 1982; Mitchell, 1984). The simultaneous measurements of the stress-strain relation 
and the strain-induced crystallization by wide angle X-ray diffraction (WAXD) using a 
conventional X-ray instrument (Toki et al., 2000) revealed that the hysteresis of stress-strain 
relation is caused by the strain-induced crystallization. The results show that the strain-induced 
crystallization decreases the stress since the length of amorphous molecule along the stretching 
direction increases due to its crystallization.  

Synchrotron X-ray and modified stretching machine make it clear to show the both 
hysteresis in the stress-strain relation and in the strain-induced crystallization in rubbers and to 
elucidate the stress decrease by the onset of strain-induced crystallization (Murakami et al., 
2002; Tosaka et al., 2004; Toki et al., 2004b). The experimental results agree with classical 
thermo-mechanical theories on strain-induced crystallization (Bekkedahl and Wood, 1941; 
Flory, 1947) that suggested the onset of strain-induced crystallization decrease the stress before 
the upturn of stress.  

Sulphur vulcanizated rubbers have network structures that are mainly composed of 
monosulphidic, disulphidic, and polysulphidic crosslinks. The structures including the crosslink 
densities and types of vulcanizates are very important parameters because of their dominant 
effects on the mechanical properties. The ratio of polysulphidic, disulphidic and monosulphidic 
crosslinks depends on the ratio of sulphur to the accelerators, cure time and the kind of 
accelerator in the formulation. The crosslink has been considered to be vital for SIC since the 
theory of rubber elasticity of polymer crosslink network has applied to elucidate SIC at thermo-
mechanical equilibrium state. In this paper, we focus on the role of crosslink. Five levels of 
crosslink density are studied. 
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Materials and Methods 
 
1. Materials 

Commercial grade of Standard Thai Natural Rubber, 5L grade (STR-5L)  was used for 
this research activity. The compositions of several natural rubber compounds tested in this study 
are shown in Table 1.  All the ingredients including sulphur and accelerator were mixed on a 
laboratory-scale 6-in. roll mill. Vulcanization was carried out in an electrically heated hydraulic 
press at 150°C using the optimum cure time (Tc90)  previously determined with a moving die 
rheometer (TechPro MD+) at 150°C following ASTM D-5289. 
 
Table 1 Composition and sample preparation conditions of the samples 
 

Ingredents Quantity (phr) 
CV1 CV2 CV3 CV4 CV5 

STR-5L 100 100 100 100 100 
Zinc Oxide 5 5 5 5 5 
Stearic acid 1 1 1 1 1 
CBSa 0.19 0.56 0.75 0.94 1.31 
Sulphur 0.50 1.50 2.00 2.50 3.50 
Cure timeb [min] 31 16 13 12 11 

aCBS (N-cyclohexyl-2-benzothiazole sulphenamide), bCuring temperature 150°C 
 

2. Determination of crosslink density 
Equilibrium swelling in toluene was used to determine the crosslink densities of the 

rubber vulcanizates. The Crosslink density was determined using the method described by 
Cunneen and Russell (1970). The molecular weight of the network chain between chemical 
crosslinks for a phantom network, Mc; is expressed by the Flory–Rehner relationship (Flory and 
Rehner, 1943; Flory, 1950): 

Mc =  ])1[ln(
)2/(2

2
3/1

rrr
rrsr
VVV

VVV




           (1) 

where Vr is the volume fraction of rubber in the swollen sample, Vs is the molar volume of the 
swelling solvent, ρr is the density of the rubber sample, and χ is the rubber-solvent interaction 
parameter. The values of the constant used in the above calculation were Vs = 107 cm3/mole and 
χ = 0.393 (Brydson, 1978). The crosslink density () (Blow, 1975) is given by: 

 =  
cM2

1            (2) 
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3. Measurements of stress-strain curves and tensile strength 
Tensile properties of NR vulcanizates were measured according to ASTM D-412 using 

a universal testing machine ( Instron 5569 series, Norwood, USA)  at 25°C.  The rate of 
deformation was 500 mm/min. 
 
4. Strain-induced crystallization measurement 

In-situ wide-angle X- ray diffraction (WAXD)  measurements were carried out at the 
X27C beamline in the National Synchrotron Light Source ( NSLS) , Brookhaven National 
Laboratory (BNL) .  The wavelength of X-ray was 0.1371 nm.  An MAR-CCD X-ray detector (made by MAR, USA) was used to record the two-dimensional WAXD patterns for quantitative 
image analyses. The typical image acquisition time for each scan was 30 sec. The data analysis 
software package ( POLAR)  used was developed by Stony brook Technology and Applied 
Research at Stony Brook, New York. The tensile machines allowed the symmetric stretching of 
the sample, permitting the focused X- ray to illuminate the same sample position during 
deformation.  The chosen deformation rate was 10 mm/ min.  The stress- strain curves during 
extension were collected at 25°C in the uniaxial deformation mode. 
 Results and Discussion 
 

Stress–strain curves of NR vulcanizates with various crosslink densities are shown in 
Figure 1. The sample with the larger crosslink density showed the higher modulus in the tensile 
measurements of this study (Table 2). In the lower strain region, the modulus is low and slowly 
increases with the increase in strain; when the strain is larger, the upturn in stress. The sample 
with the larger crosslink density showed the upturn in stress at lower strain. 

 Figure 1 Tensile stress-strain curves of NR vulcanizates with various crosslink densities 
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Table 2 Total crosslink densities and mechanical properties of the samples 
Properties CV1 CV2 CV3 CV4 CV5 

Total crosslink density [x 10-5 mol/cm3] 0.5 5.6 7.8 8.7 11.3 
Modulus at strain 1.0 [MPa] 0.3 0.7 0.8 1.0 1.3 
Modulus at strain 3.0 [MPa] 0.4 1.5 1.9 2.7 4.1 
Tensile strength [MPa] 0.9 20.5 28.7 30.6 24.9 
Strain at break 6.2 7.6 7.5 6.9 5.8 

 
 The stress-strain curve and selected 3D WAXD patterns during deformation (at a 10 

mm/min rate) of sample CV3 at 25°C are shown in Figure 2. Each WAXD image is taken at the 
strain indicated by the arrow. The high intensity of synchrotron X-rays made it possible to collect 
the WAXD patterns during deformation in real time without holding the sample still.  It was 
seen that stress generally increased with strain.  In Figure 2, it is seen that 3D WAXD patterns 
exhibited an amorphous halo below strain 3.0, while its intensity distribution shifted slightly 
toward the equator with increasing strain (e.g. , strain 3.0) .  At strain 4.0, the deformation of the 
halo pattern became more intense, and several weak but distinct crystalline reflections are seen. 
These reflections are sharp and highly oriented and appeared in smaller numbers than those in 
fully crystallized patterns (e.g., at strains 5 and more) .  These reflections are caused by the first-
formed strain-induced crystallites, which are defective in crystalline ordering or registration but 
highly oriented with respect to the stretching direction.  This finding is consistent with the 
fringemicelle crystal model induced by strain during deformation of rubber recently proposed 
by Toki and coworkers (Toki et al. , 2002; Toki et al. , 2003; Toki and Hsiao, 2003; Toki et al. , 
2004b). In contrast, at strains above 4 (e.g., strains 5.0 and more), the WAXD patterns exhibited 
well oriented crystalline reflections from a monoclinic unit cell with parameters similar to a = 
1.25 nm, b = 0.89 nm, c =  0.81 nm, and  =  92°, as previously reported by Bunn (1941) .  It is 
interesting to see that, even at strains 5.0 and more, one can observe the persistence of the 
unoriented amorphous halo, which is consistent with the finding that a substantial amount of 
amorphous chains remain unstretched at high extension (Toki et al. , 2002; Toki et al. , 2003; 
Toki et al., 2004a). 
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 Figure 2 The stress-strain relationship and selected WAXD patterns in 3D expression of the  
sample CV3. Each image was taken at the average strain indicated by the arrows. 

 
WAXD patterns can be analyzed into three fractions such as crystal, oriented amorphous 

and unoriented amorphous.  The procedure to analyze the data is mentioned elsewhere (Toki et 
al., 2002; Toki et al., 2003; Toki et al., 2004b). The integral intensities as a function of scattering 
vector “s”  at each strain are shown in Figure 3.  It is clear that the anisotropic fraction increases 
with strain smoothly. 

From the integrated intensity patterns, we can evaluate crystallinity index and oriented 
amorphous index as shown in Figure 4.  Crystallinity index increases with strain during 
deformation.  The oriented amorphous index does not increase significantly and seems to be a 
precursor of strain- induced crystallization.  The tendencies are similarly observed in pure 
vulcanized NR and pure vulcanized IR (Toki et al., 2002; Tosaka et al., 2004; Toki et al., 2005). 
From the above observation, we can conclude that the oriented amorphous chains are precursors 
to the induced crystals.  The crystallization rate from the oriented chains must be very fast, 
probably in the order of 60 m/s, as reported by Mitchell and Meier (1968) .  In addition, it is 
reasonable to rationalize that the strain-induced crystallites are in the extended chain crystal 
form having a microfibrillar structure.  As only a small fraction of chains are oriented and 
crystallized, this suggests that the strain- induced crystallites form an additional physical 
crosslinking network, carrying most of the applied load.  The above results indicate that even 
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under a very high deformation state, the majority of the chains remain unoriented. This behavior 
seems to be very universal in rubbery materials. 

 Figure 3 1D cylindrical intensity profiles as a function of scattering vector “s” of the sample  CV3. 

 Figure 4 The anisotropic fractions (oriented amorphous and crystal) of the sample CV3 at each  
   strain during deformation. 

 
The variations of the crystallinity index of NR vulcanizates with various crosslink 

densities during deformation at 25°C are shown in Figure 5.  It is found that the crystallinity 
index starts to increase at strain around 2. 5 in all samples.  The crosslink density had only 
negligible influence on the onset strain of crystallization ( Table 3) .  At strain =  3. 0, the 
crystallinity index is almost identical.  At strain larger than 3, the crystallinity index becomes 
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dominant.  NR vulcanizates with various crosslink densities showed similar trends.  The 
crystallization started after the sample is elongated to some extent.  The sample with the larger 
crosslink density typically exhibited a steeper slope in the plot.  It is interesting to find that the 
rate of SIC is the faster for the samples with the higher crosslink density. 

 Figure 5 Relationship between crystallinity index and tensile strain of NR vulcanizates with          
various crosslink densities. 

Table 3 Crystallization rate, incipient strain of crystallization and strain at upturn stress of the    
              samples 

Sample Crystallization rate [min-1] Onset strain of 
crystallization 

Strain at upturn 
stress 

CV1 0.014 2.45 - 
CV2 0.029 2.55 3.9 
CV3 0.035 2.55 3.6 
CV4 0.036 2.63 2.9 
CV5 0.036 2.37 2.3 

 
The crystallization rate reflects a relative SIC rate and was obtained from the slope of 

linearly increasing part of the curve in Figure 5 (slope in the strain dependence of anisotropic 
fraction). In contrast to the almost no effect of crosslink density on the onset of SIC, the crosslink 
density was found to have definite influence on the rate of SIC as shown in Figure 6.  The rate 
of SIC showed linearly increases with increasing crosslink density up to the value of 8x10-5 
mole/cm3. Further increasing of the crosslink density resulted in a nearly constant of the rate of 
crystallization. 
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 Figure 6 Dependence of rate of SIC on crosslink density. 
 

The upturn of stress in the stress-strain curve of NR vulcanizate has popularly been 
attributed to SIC (Versloot et al., 1992). Results of the present study suggest otherwise. It can be 
seen that the crystallinity index developed approximately reaches a constant value at about 1.5 
even at the large strain at which stress-upturn is observed. The results of the present study, thus, 
indicate that stress-upturn and the high tensile strength of NR vulcanizate are not the direct 
consequence of SIC.  For rubbery materials, this stress-upturn is generally associated with the 
stress at which the smallest chains reach their critical extensibility ( Chenal et al. , 2007) . 
Therefore, it appears that molecular orientation along the applied stress is responsible for the 
observed upturn of stress at a certain strain and also the final strength of the vulcanized rubber. 
SIC may contribute to the high strength by facilitating the formation of orientation of either 
molecules or crystals, increasing the rubber's ability to bear force.  Thus, further studies on SIC 
and orientation of sulphur-vulcanized NR samples are necessary in order to understand better 
the factors that are responsible for high strength of strain-crystallizable rubbers. 
 Conclusion  

1. In the NR samples vulcanizates with CV curing system an increase in the total 
crosslink densities, tensile strength and crystallinity index are increased up to maximum, then 
decreased.  

2. The NR vulcanizates with the larger crosslink density showed the upturn in stress at 
lower strain. 

3. The crosslink density had only negligible influence on the onset strain of 
crystallization. The rate of SIC is the faster for the samples with the higher crosslink density. 

4.  Crosslink types do not change the crystallization behavior of the NR vulcanizates 
under deformation at 25oC. 
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Sodium Methoxide Dissolution in Various Solvents 
 

Thirawat Mueansichai1*, Benjaphorn Kaewsubdejsiri1, Panupong Limsongtham1, Yarachanee 
Moomuangsong1 and Weerinda Appamana1 

 ABSTRACT 
 Sodium methoxide (CH3ONa), a catalyst base, is generally used in biodiesel production 

and pharmaceuticals industry.  It dissolves more quickly than sodium hydroxide ( NaOH)  in 
methanol (CH3OH) .  This work investigated the dissolution of sodium methoxide in various 
solvents like acetone, benzyl alcohol, 2-butanol, cyclohexane, dicloromethane, ethanol, ethyl 
acetate, formic acid, glycerol, hexane, methanol and phenol.  The experiments performed at 
room temperature by adding sodium methoxide in the various solvents then shaking and observed the dissolution of sodium methoxide.  The results show that sodium methoxide was 
dissolved in most solvents except hexane, cyclohexane and ethyl acetate.  From these results, it 
was found that sodium methoxide can be dissolved in acid substances, alcohol, and phenol. 
Therefore, hexane, cyclohexane and ethyl acetate are suitable to use as anti- solvent for 
crystallization process of sodium methoxide. 

 
Keywords: sodium methoxide, dissolution, solvent, hexane 
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Introduction   
Sodium methoxide or sodium methylate is a metal alkoxides which synthesized since 1955 (Wardlaw 1955; Wardlaw 1956; Bradley 1958). Nowadays, it is used as a catalyst for 

production of biodiesel by the transesterification of triglycerides with methanol (Kai et al., 2014; 
Karnis and Chilari, 2013). As a catalyst, sodium methoxide showed better results when 
compared to sodium hydroxide (Karnis and Chilari, 2013). The size of catalyst is also important 
factor for the transesterification reaction. The study of sodium methoxide preparation by 
crystallization which reduced the size of sodium methoxide gave a conversion higher than 96% 
for the production of biodiesel from canola oil (Kai et al., 2014).  
 The manufacture of sodium methoxide in the industry has many methods for example the manufacturing sodium methoxide from sodium metal or from sodium hydroxide (Granjo 
and Oliveira 2016). There are many investigators proposed methods for production of sodium 
methoxide such as preparation of alkali metal methoxides from aqueous alkali metal hydroxide and methanol (Guth et al., 2004). The most popular method for producing sodium methoxide is 
reactive distillation (Granjo and Oliveira, 2016). In the past, sodium methoxide produced from 
sodium and an excess of methanol. This process consists of a reactor and follow by distillation 
column for separation of sodium methoxide (Tse, 1997). The main problem of the present 
process of sodium methoxide production is high energy consumption (Granjo and Oliveira, 
2016). Therefore, we need a novel method to produce sodium methoxide which is low energy 
consumption. As mention above, the crystallization is the process that we can use to produce 
sodium methoxide with high conversion of biodiesel production (Kai et al., 2014). 

Crystallization is one of the most popular separation process in pharmaceuticals because the crystal products have high purity and easy to operate (Nowee et al., 2008; Gao et al., 2017). 
There are a lot of methods for separation of crystalline product process. For example, cooling, 
evaporation, and non-solvent addition (Flood, 2009). The important information for design of 
crystallization process is the properties of the substances such as solubility, supersaturation, and the dissolution in various solvents. Therefore, this study aim to investigate the dissolution 
property of sodium methoxide in various solvents. These results will be used for selection of 
anti-solvent in crystallization process design. 
 Materials and Methods 
 
Chemicals: Methanol (CH3OH), acetone (CH3COCH3), benzyl alcohol (C6H5CH2OHC7H8O), 2-
butanol (C4H10O), cyclohexane (C6H12), dicloromethane (CH2Cl2), ethanol (C2H6O), ethyl acetate (CH3CH2COOCH3), formic acid (CH2O2), glycerol (C3H8O3), hexane (C4H14), and phenol (C6H5OH) were selected as a solvent. Sodium methoxide (CH3ONa) is a solute for study the 
dissolution in all solvents.  
 
Equipment: Test tube, test tube rack, spatula, stirring rod, graduated cylinder, beaker, 
stopwatch, pH meter, and balance   
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Procedure: The dissolution experiment performed by measuring the sodium methoxide in the 
test tube 0.1 g. Then, 10 ml of the solvent was added into the test tube and starting a timer. The 
solution was stirred for 1 hour at room temperature and observed the dissolution of sodium methoxide in each solvent. Figure 1 shows an example of experimental results. The solution 
was measured pH and temperature after the dissolution experiment was finished. 
The recrystallization of sodium methoxide performed by a preparation of saturated solution of sodium methoxide in methanol. The saturated solution was filtered by 0.45 micrometers 
membrane for separation of excess sodium methoxide. The anti-solvent was added into the 
saturated solution and then observed the crystalline product from anti-solvent crystallization. 
  

  Figure 1 Example of experimental results (sodium methoxide in methanol) 
 Results and Discussion  

This work is a preliminary study of sodium methoxide property for designing the crystallization process. Anti-solvent or non-solvent addition crystallization needs dissolution 
property of the substance in the solvent for selecting an appropriate anti-solvent to use in the 
crystallization process design. The suitable anti-solvent should have the property that the solute 
cannot dissolve in it then the substance can easily separate from the solvent. From the 
experiments, the results of dissolution property of sodium methoxide are shown in table 1. 
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Table 1 Dissolution property of sodium methoxide in various solvent 
 

Solvents Dissolution property pH Temperature 
Acetone  4 increase 
Benzyl alcohol  10 - 
2-Butanol  5 decrease 
Cyclohexane  4 increase 
Dicloromethane  5 increase 
Ethanol  12 increase 
Ethyl acetate  5 - 
Formic acid  2 - 
Glycerol  6 - 
Hexane  5 - 
Methanol  12 increase 
Phenol  10 - 

 Remark: = dissolved, = non-dissolved, - = the temperature doesn’t change 
 

As shown in table 1, sodium methoxide was insoluble in three solvents, namely cyclohexane, ethyl acetate, and hexane. As a result of this, such solvents are suitable for using 
as an anti-solvent in the anti-solvent crystallization process of sodium methoxide. This property 
was the first which we have to consider. In the case of pH solution, we can separate the solvents 
into two groups. The first group is basic solution such as phenol, methanol, ethanol, and benzyl 
alcohol. As you can see in the table 1, sodium methoxide can dissolve in all solvents having the 
basic property. This is because sodium methoxide is also the basic substance. The second group 
is acid solution. The solvents in the second group are hexane, glycerol, formic acid, ethyl acetate, 
dicloromethane, cyclohexane, 2-butanol, and acetone. In the acid solution group, there are two 
phenomena observed. There are three solvents that sodium methoxide cannot dissolve of which 
the pH is around 4 to 5. For other solvents, the sodium methoxide can dissolve like the basic 
solution group and they have the pH around 4 to 5 as well. Thus, we cannot conclude that the 
sodium methoxide cannot dissolve in acid solution because there are two different results. So, 
we need more information about the property of the acid solution to explain about the dissolution of sodium methoxide. 

The second parameter used to observe the dissolution of sodium methoxide in various solvents is the temperature. The temperature observation is conducted by comparing the 
temperature with the room temperature. If the temperature of the solution increases, it should 
have some reaction between sodium methoxide and the solvent called the exothermic reaction. 
If the temperature of the solution decreases, it is endothermic reaction. From the results of 
temperature in table 1, the relationship between dissolution property and the temperature of the solution was unreliability. This resulted from the differentiation of sodium methoxide 
dissolution. 

Figure 2 shows the factors affecting dissolution rate. Solubility, dissolution, and 
dissolution rate are related but they have different definitions (Smith, 2015). The solubility is 
the thermodynamics process in which the amount of a solute dissolves in a pure solvent at the 
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endpoint of dissolution. The dissolution is a process that a solute dispersing in a solvent. It is 
different from the solubility because the solubility is the end point of the dissolution process.  

The rate of dissolution is determined by Noyes-Whitney equation that shows how fast 
the solute can dissolve in the solvent. This work focuses on the dissolution because it is a 
preliminary study for selecting the anti-solvent of crystallization process. So, we need to know 
which solvent that sodium methoxide cannot dissolve in them. When we add the anti-solvent 
into the system of sodium methoxide in some solvent, we can separate the sodium methoxide from the solution by the crystallization. 

 Figure 2 Noyes-Whitney parameters for dissolution rate (Smith 2015) 
              

Figure 3 Recrystallization of sodium methoxide 
 From Figure 3, the recrystallization of sodium methoxide was performed to investigate the crystallization process. As you can see, the white crystal of sodium methoxide was generated 
by anti-solvent crystallization process by adding an anti-solvent into the saturated solution. Thus, 
we can use anti- solvent for separating the solute from saturated solution by crystallization 
process. This mechanism occurred when the anti-solvent was added into the saturated solution; 
the solvent will diffuse into the anti-solvent phase.  So, the superstation of the solution phase 
will increase and then the solute can separate from the solution as crystalline product. 
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Conclusion 
 The dissolution of sodium methoxide in twelve solvents was studied. The suitable 
solvent for crystallization process is methanol and ethanol, whereas hexane, cyclohexane, ethyl acetate were used as anti-solvent for separation of sodium methoxide. For further investigation, 
this project will continue to study dissolution rate of the sodium methoxide in various solvents and the solubility of sodium methoxide. This is because sodium methoxide is an important 
catalyst in biodiesel production. If we can produce the sodium methoxide by using the process 
with low energy consumption, it will help the biodiesel production to reduce operating cost. 
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Poisson Regression Model for Predict Dengue Haemorrhagic 
Fever Prevalence in Kreang Sub-District, Cha-Uat District, 

Nakhon Si Thammarat, Thailand 
 

Suppawan Promprao1* 
 ABSTRACT 

 
Dengue haemorrhagic fever (DHF), was a mosquito-borne viral disease that has rapidly 

spread in all regions of WHO in recent years. It was transmitted by Aedes mosquitoes, which 
breeding sites are nearby or in human households. An importance campaign for the prevention 
of DHF ought to start at studying the relationship between DHF cases and related variables 
involved the human behaviors’ factors and mosquitoes breeding sites. To develop and validate 
a Poisson regression model to verify predictors of DHF patients in Kreang Sub-District, Cha-
Uat District, Nakhon Si Thammarat, Thailand. DHF cases, types and number of mosquitoes 
breeding sites were collected from 160 households by surveying, starting from March - July 
2016. DHF cases were counted data and were assigned to response variables. The mean of 
response variables was approximately equal to its variance. It was suggested that a Poisson 
regression model would be appropriate. Mosquitoes breeding sites factors were assigned to 
exploratory variables. Maximum likelihood method was used to parameter estimation. The 
results showed that the Poisson regression was statistical significant model (Omnibus Test: 
Likelihood Ratio ߯(ଷ)ଶ = 13.849, p = 0.003<0.05). The constant had suitable for model (constant; 
߯(ଵ)ଶ = 52.940, p = 0.000<0.05). The significant predictor variables were number of cement tanks 
outdoor (CT: ߯(ଵ)ଶ = 4.015, p = 0.045<0.05), number of cement tanks for toilet (TCT: ߯(ଵ)ଶ = 
4.445, p = 0.035<0.05) and number of water jars (WJ: ߯(ଵ)ଶ = 6.589, p = 0.010<0.05). The log 
of the DHF was predicted with a linear combination of the predictors: log(DHF) = -
2.970+1.584(CT)+2.277(TCT) +1.386(WJ). This implies: DHF = exp [-2.970+ 1.584(CT)+ 
2.277(TCT)+ 1.386(WJ)]. Understanding a human’s behaviors which causes mosquitoes 
breeding places related to the number of DHF patients, will be able to predict the occurrence of 
DHF and plan to prevent and control this disease.  
 
Keywords: Dengue Haemorrhagic Fever, Mosquitoes, Poisson Regression, Likelihood Ratio 
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 Introduction           Dengue and dengue hemorrhagic fever (DHF) result from infection by any of four serotypes of dengue viruses. Transmission occurs through the bite of infected Aedes mosquitoes, principally Aedes aegypti (Pinheiro, 1989). The majority of DHF cases, however, occur in Southeast Asia. From 1981 through 1986, 796 386 cases of DHF and 9774 deaths caused by dengue were reported to the World Health Organization (WHO) from countries in Southeast Asia (Halsread, 1990). Dengue viruses are spread by female Aedes mosquitoes through blood-feeding on human hosts. Patients suffering from dengue fever experience sudden onset of fever, rashes, muscle aches, joint pain, and leucopenia. A dengue patient usually recovers within 14 days. Nevertheless, some patients develop severe dengue which is a potentially lethal complication characterized by hemorrhagic manifestations, severe plasma leakage, and severe organ impairment (WHO, 2009). Globally, about 500,000 severe dengue cases with 12,500 deaths have been reported annually (WHO, 2012). 
Dengue haemorrhagic fever was first reported in Thailand in 1950. In the beginning, 

about 50 to 100 cases were diagnosed annually until the first large outbreak of the disease in 
1958 when 2158 cases and 300 deaths were reported. In earlier outbreaks, the disease was 
mainly found in Bangkok and surrounding areas. Since 1965, it has been reported from all 
regions of Thailand. (Rojanapithayakorn, 1998). The southern region had the highest incidence 
of dengue during this period, with 4,136 dengue incidences and a dengue incidence rate of 25.06 
cases per 100,000 populations. There were 314 incidences in Nakhon Si Thammarat province, 
or 20.58 dengue incidences per 100,000 population (Bureau of Epidemiology, 2012) 

During the years 2012 - 2016, the researcher (Promprao et al., 2015; Promprao, et al., 
2016; Promprao, et al., 2018) studied the dengue related issues in several related projects at 
Kreang Sub-District, Cha-Uat District, Nakhon Si Thammarat, Thailand. The result of these 
projects found that Dengue haemorrhagic fever has been reported in 10 villages out of 11 
villages (Cha-Uat Hospital, 2016). Dengue hemorrhagic fever in each village was not repeated 
with consecutive years. Entomological Indices were the index to assess DHF risk areas of the 
latest 3-year were likely to the downward trend (House Index: HI=34.7,16.5,13.8; Container 
Index: CI=8.6,5.1,3.3; Breteau Index: BI=73.6,18.2,16.3) (Promprao et al., 2015; Promprao, et 
al., 2016; Promprao, et al., 2018). There is no specific treatment for dengue, but appropriate 
medical care frequently saves the lives of patients with the more serious dengue haemorrhagic 
fever. The most effective way to prevent dengue virus transmission was to combat the disease-
carrying mosquitoes (WHO, 2011). Knowing the trends and patterns of dengue disease will 
lead to sustainable disease prevention and control. An importance campaign for the prevention 
of DHF ought to start at studying the relationship between DHF patients and related variables 
that involved the human behaviors’ factors, such as the changes in patterns of water storage in 
containers, which serve as breeding sites for the mosquitoes, may also affect disease 
transmission patterns (Gubler, 1998). Objective of this study was to develop and validate a 
Poisson Regression Model (PRM) to verify predictors of DHF patients in Kreang Sub-District, 
Cha-Uat District, Nakhon Si Thammarat, Thailand.       
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 Materials and Methods  
1. Study area  

Khreng was one of Sub-District of Cha-Uat District, Nakhon Si Thammarat, Thailand. 
Seventy percentage of Khreng Sub-District was swamp forest. There was a forest in lowland 
flooding throughout the year. The natural river flow was Cha-Uat which flows into the sea at 
Pak Phanang River. Most people living along the flood plains, flat area without water flooding, 
and live in the hills known as "khuan", which has a total area of 110,016 Rai (hectares). Khreng 
Sub-District was divided into 11 villages with a local population 84,227 and a density of 101.1 
/km2 (Figure 1).   

  
Figure 1 Study Area Khreng Sub-District, Cha-Uat District, Nakhon Si Thammarat, Thailand  
 
 
2. Data collection 
 
 A questionnaire survey was conducted in Khreng Sub-District, in August-October 2016, 
covering 11 villages that composed of 1) Ban Hua Thanon 2) Ban Sai Hua Mar 3) Ban Khuan 
Yao 4) Ban Khuan Khreng 5) Ban Thung Krai 6) Ban Khuan Rab 7) Ban Yan Deang 8) Ban 
Samet Ngam 9) Ban Khuan Ching 10) Ban Bang Noi 11) Ban Sai Khanun. One hundred and 
sixty households in these areas were sampled by a systematic stratified random sampling 
technique. By a proportional allocation method, these 160 sample units were assigned to 11 
villages that assigned as stratums (Fig. 2). One person per household in the collected household 
was identified as a sample unit. Breeding places (Katyal et al., 1997) were sampled both indoors 
and outdoors within 15 m of the houses. DHF cases and human behavior’s factors were 
collected from 160 households by interview and survey.  
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 Figure 2 Sampling procedure 
3. Poisson regression model (PRM) 

PRM is commonly used for count data (MacDonald et al., 2010). In modeling PRM, one 
of the major assumptions was the equality of the mean and variance. Poisson regression is 
similar to regular multiple regressions except that the dependent (Y) variable is an observed 
count that follows the Poisson distribution. Thus, the possible values of Y are the nonnegative 
integers: 0, 1, 2, 3, and so on. The Poisson regression analysis is used since the distribution of 
dengue cases data is in a form of Poisson distribution function. Poisson distribution appears to 
be appropriate when the response variable consists of nonnegative integers and is not normally 
distributed (Miaou and Lum, 1993; Kleinbaum et al., 1998; Green, 2003). Furthermore, the 
occurrence must be random and independent of each other. Poisson regression is a regression 
technique available for modeling variables that describe count or discrete data of the 
occurrences of some event over a specified interval. This is a common process in clinical and 
epidemiological research (Pedan, 2001; Parodi and Bottarelli, 2006).  

The Poisson probability distribution with parameter ߤ is given by the formula: 
(ݕ) = ܲ(ܻ = (ݕ = షഋఓ

௬! , ݕ = 0, 1, 2, …                                     (1) 
 
where ߤ > 0  is the mean of y. The logarithm of response variable is linked to a linear function 
of explanatory variables such that: 

 
ln(y) = ଷݔଷߚ+ଶݔଶߚ+ଵݔଵߚ+ߚ + ⋯                                   (2)ݔߚ+

 
and            y = (݁ఉబ)(݁ఉభ௫భ)(݁ఉమ௫మ) … (݁ఉ௫)    (3) 
 
where the predictor variables ݔଵ, ,ଶݔ ,ଷݔ … , ݔ  are given, and the population regression 
coefficients  ߚ, ,ଵߚ ,ଶߚ ,ଷߚ … , ߚ   are to be estimated (Zwilling, 2013). This formulation is 
popular because it allows the modeling of Poisson heterogeneity using a gamma distribution 
(Cameron and Trivedi, 2013; Hilbe, 2014). This program computes Poisson regression on both 
numeric and categorical variables. It reports on the regression equation as well as the goodness 
of fit, confidence limits, likelihood, and deviance. It performs a comprehensive residual analysis 
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including diagnostic residual reports and plots. It can perform a subset selection search, looking 
for the best regression model with the fewest independent variables.  

 
DHF cases (patients) and human behavior’s factors were collected from 160 households 

by interview and survey (Fig.3), starting from August - October 2016. DHF cases were count 
data and were treat as the response variables. The mean and variance of it was not significantly 
different. These suggested that a PRM would be appropriate. Human behavior’s factors 
composed of number of cement tanks (CT), toilet cement tanks (TCT) and number of water jars 
were assigned to exploratory variables (Table 1).  
Table 1 Mean, standard deviation and variance of number of DHF cases and behavior’s factor        

of households 
Name of variables mean standard deviation variance 

DHF cases 0.11 0.41 0.17 
no. of cement tanks outdoor (CT) 0.01 0.11 0.01 
no. of cement tanks for toilet (TCT) 0.01 0.11 0.01 
no. of water jars (WJ) 0.26 0.44 0.19 

         Maximum Likelihood method was used to parameter estimation and Poisson regression 
technique was used to analysis method. The general model was as followed: 

 
        log (DHF) =   b0 + b1X1 + b2X2 + b3X3+… + bk Xk    

                 DHF   =   exp[b0 + b1X1 + b2X2 + b3X3+… + bk Xk]                                   
DHF   =   eୠబ eୠభ ୶భ eୠమ ୶మ eୠయ ୶య … eୠౡ ୶ౡ  

where DHF was number of dengue haemorrhagic fever cases, b0, b1, b2, b3, …, bk were 
constants in model and X1, X2, X3, …, Xk were independent variables. 
 
4. Significance Testing 
  
 This study used the maximum likelihood ratio statistics or commonly known as deviance 
(D) statistics to test for the goodness of fitted model for Poisson regression model. Deviance in 
the normal linear regression was similar to R2 or coefficient of determination which was used 
to provide the descriptive information about the model fit and was calculated by: 
 

Rଶ = ෝ ݕ)∑ − ത)ଶݕ
ݕ)∑ − ത)ଶݕ  

where y was the observed value of y, ŷ was the value of y predicted from the model, and ȳ was 
the mean value of y. The log likelihood ratio statistic (deviance) was introduced to check the 
appropriateness of a chosen response distribution when explanatory variables were added or 
excluded from the model. The deviance value was defined as: 
 

Deviance (D) =2{∑ ݕ] ln ቀ௬
ఓෝቁ − ݕ) − )]ߤ̂ } 
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For a well fitted model with appropriate link function, error distribution and functional 
form, the expected value of residual deviance should approximately be equal to the number of 
degree of freedom, regardless of the value of μ (Wan et al., 2010). SPSS were used to parameter 
estimation by considering from mean deviance that, the mean deviance close to 1 was the 
optimal model. (UCLA Academic Technology Services, 2012)  

 
5. Residuals analysis 

To fully assess model fit, residual can be thought of as the error associated with predicting 
or estimating outcomes using predictor variables. Residuals analysis was extremely important 
for meeting the linearity, normality and homogeneity of variance assumptions of poisson 
regression model.  Results and Discussion 
 This dataset of DHF cases contains 160 observations, with the smallest number being 0. 
The maximum number of 3, the mean is 0.110, the standard deviation is 0.414, the variance is 
0.168, and the distribution index is 0.168 / 0.110 = 1.52 ~ 1. The mean and variance of the 
variables were not significantly different. It is equal or at least roughly equal (Rodriguez, 2007). 
This model assumes that these values are independent variables. Poisson process occurred so 
the detailed creation steps are as follows:  

 Number of DHF patients  
Figure 3 The distribution of the number of DHF patients in Khreng Sub-District 

 
Table 2 Goodness of Fit for verifying the suitability of the data 

Goodness of Fit 
 Value df Value/df 
Deviance 77.287 156 0.495 
Scaled Deviance 77.287 156  
Pearson Chi-Square 223.000 156 1.429 
Scaled Pearson Chi-Square 223.000 156  
Log Likelihood -52.060   
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The goodness of fit table lists various statistics indicating model does the fit the data 
well (value/df of Pearson Chi-Square =1.429>0.05). To assess the fit of the model, the goodness 
of fit chi-squared test was provided. The deviance (77.287) was evaluated as chi-squared 
distributed with the model degrees of freedom (156). A test of the model form fitted our data 
and concluded that the model fitted reasonably well because the goodness of fit chi-squared test 
was not statistically significant with 156 degrees of freedom.   
Table 3 Chi-Square value of likelihood ratio 

Omnibus Test 
Likelihood Ratio Chi-Square Degree of freedom p-value 

13.849 3 0.003 
 
Table 3 showed Omnibus Tests. This was test that all the estimated coefficients were 

equal to zero. From the p-value = 0.003 <0 . 0 5 , it had shown that the model suitable for data 
and was statistically significant at 0.05 level. 

 
Table 4 Estimators of coefficients for Poisson regression model; CT = no. of cement tanks  
              outdoor, TCT= no. of cement tanks for toilet, WJ= no. of water jars 

Parameters 
Degree 

of 
freedom 

Coefficients 
(B) Wald Chi-

square p-value Exp(B) 
95 % Confidence 

Interval of 
Exp(B) 
Lower Upper 

Constant 1 -2.970 52.940 0.000 0.051 0.023 0.114 
CT 1 1.584 4.015 0.045 4.875 1.035 22.957 
TCT 1 2.277 4.445 0.035 9.750 1.174 80.986 
WJ 1 1.386 6.589 0.010 4.000 1.388 11.528 

 
Table 4 included the regression coefficients for each of the variables along with p-value and 95% confidence intervals for the exponential of coefficients. Constant (constant; χ(ଵ)ଶ = 52.940, p = 0.000<0.05) and three significant predictor variables were cement tanks 

outdoor CT: χ(ଵ)ଶ  = 4.015,  p = 0.045) cement tanks for toilet (TCT: χ(ଵ)ଶ  = 4.445, p = 0.035) and 
water jar (WJ: χ(ଵ)ଶ  = 6.589, p = 0.010). Sometimes, we might want to present the results as 
incident rate ratios. These values were equal to our coefficients from the output above exponential column. The log of the DHF was predicted with a linear combination of the predictors: log(DHF) = -2.970+1.584(CT)+2.277(TCT) +1.386(WJ). This implies: DHF = exp [-2.970+ 1.584(CT)+ 2.277(TCT)+ 1.386(WJ)].  

The significant predictor variables consisted of no. of cement tanks outdoor, no. of cement 
tanks for toilet and no. of water jars. The log of the DHF was predicted with a linear 
combination of the predictors: log(DHF) = -2.970+1.584(CT)+2.277(TCT) +1.386(WJ). This 
implies: DHF = exp [-2.970+ 1.584(CT)+ 2.277(TCT)+ 1.386(WJ)]. These mean that the 
expected increase in logarithmic of count of DHF patients for a one unit increase in number of 
cement tanks outdoor, number of cement tanks for toilet and number of water jars were 1.584, 
2.277 and 1.386, respectively.   

 
Based on the above statement it can be explained that  
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log(DHF) = -2.970+1.584(CT)+2.277(TCT) +1.386(WJ)  
               DHF = exp[-2.970+1.584(CT) +2.277(TCT)+1.386(WJ)] 

          DHF = exp[-2.970] exp[1.584(CT)]exp[ 2.277(TCT)]exp[1.386(WJ)] 
                    DHF = [e-2.970][e1.584(CT) ][e2.277(TCT)] [e1.386(WJ)] 
          DHF = 0.051303[e1.584(CT) ][e2.277(TCT)] [e1.386(WJ)] 

 
The coefficient for the CT variant was 1.584, it meant that if the number of outdoor cement tanks were increased by 1 unit, log(DHF) would increase by 1,548 units (when other variables are fixed). That is, the DHF (dengue hemorrhagic fever) will increase by about 0.25 units (DHF = (0.051303)exp [1.584] = (0.051303)(4.875) = 0.250 estimates) 
The coefficient for the TCT variant was 2.277, it meant that if the number of toilet cement 

tanks were increased by 1 unit, log (DHF) would increase by 2,277. That is, DHF (dengue 
hemorrhagic fever) would increase by approximately 0.50 units (DHF = (0.051303)exp [2.277] 
= 0.500 estimates). While the coefficient for the WJ variant was 1.386, it meant that if the 
amount of water jar were increased by 1 unit, log (DHF) would increase by 1.386. That is, the 
DHF (dengue fever) increase 0.205 units (DHF= (0.051303) exp[1.386] = 0.205  estimates) 

Cement tanks and toilet cement tanks were important variable to explain the number of 
DHF patients.  They were estimated to positively influence the number of DHF cases in Khreng 
Sub-District. One point three percentage and 31.9% of households used cement tanks and toilet 
cement tanks to store water for daily consumption. They were a common reservoir of water in 
this area as a cultural practice in Girardot (Columbia) and the practices of water storage were 
associated with being a housewife (García-Betancourt et al., 2015).  Cement tanks were Aedes 
positive containers in this study, this finding agreeable with the study of Kusumawathie and 
Fernando (2003), Wongkoon et al. (2007) and Promprao et al. (2015), founded that cement 
tanks have been infested with Aedes larvae, identified as the major breeding sites in the Kandy 
District of Sri Lunka, and preferred breeding site for Ae. aegypti and Ae. albopictus mosquito 
in Kreang Sub-District, Cha-Uat District, Nakhon Si Thammarat, respectively. However, 
cement tanks in the toilet or bathroom were more common than common cement tanks. High 
growth rate of larvae was found from these containers. It should be paid attention because it 
was a source of untamed water in the dark. Cleaning was not easy and was usually done in the 
bathroom (Chansang et al., 1993).  

 Water jars were opened water-filled containers provided breeding sites for Aedes 
mosquitoes. All of them were found around the houses during the survey. This result was 
corresponded with the studies of Koopman et al. (1991). Khera and Sharma (1993) and 
Bhandari et al. (2008), indicated that uncovered water containers and pitchers were significantly 
associated with dengue infection. They were estimated to positively influence the number of 
DHF cases in Khreng Sub-District. 25.6% of households used these containers for storage 
rainwater for drinking and consuming in households. The study was in the same way as the 
study of Chansang et al. (1993) and Chang et al. (2009), revealed that the most positive 
container with Aedes larvae were the jars, the number per house was 0.58 in Southern Thailand 
(Chansang et al., 1993). The majority of pupae were recovered either from large concrete water 
storage jars or concrete water storage tanks. There were small but significantly higher levels of 
dengue vector infestation in rural than urban areas (Chang et al., 2009).   
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Conclusion 
Cement tanks and water jars were important variables to explain the number of DHF 

patients. They were estimated to positively influence the number of DHF cases in Khreng Sub-
District, Cha-Uat District, Nakhon Si Thammarat. Thus, mosquitoes control in water storage; 
cement tanks and water jars were important for mosquito borne disease control and prevention 
as well as for reduction for mosquito nuisance. Understandings the person's behaviors in 
relation to the number of DHF patients, will be able to predict the occurrence of DHF and plans 
to prevent and control this disease.   Acknowledgement 
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Exploration of Aquatic Plants and Algae in Rajamangala 
University of Technology 
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 ABSTRACT 
 

 Natural water resources harbor several species of aquatic plant and algae. Two groups of organism were more or less linked to each other. In order to maintain a sufficiency and sustainable utilization of natural resources, a proximate exploration of aquatic plants in the areas of Rajmangala University of Technology Srivijaya, Trang Campus, was conducted. Several aquatic plants living in seasonal water pools were identified. Signal grass (Brachiaria), Bermuda grass (Cynodon) and sedge (Cyperus) were found everywhere in the area.  Water hyacinth (Eichhornia), water pennywort (Hydrocotyle), pipewort (Eriocaulon), morning glory (Ipomoea), lotus (Nelumbo), and tridax daisy (Tridax) were less abundant. Water sprite (Ceratopteris), Hydrilla, and water snowflake (Nymphoides) were found in limited areas. The most common freshwater algae found living with these aquatic plants were Oscillatoria, Chara, Closterium, Cosmarium, and Spirogyra.  Keywords: Aquatic plants, Freshwater algae, Density                          
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Introduction 
 

Natural water sources such as pools and ponds harbor aquatic plants and algae. Both 
groups of living are producers of ecosystem. They are responsible for generating organic 
matters and stored it in their tissue. Fish and zooplanktons get benefit from these plants and 
algae not only directly as food but also indirectly as shelters (Dodds and Gudder, 1992).   Algae 
also contribute to environment stabilization; Cladophyra and Spirogyra absorbed certain kinds 
of heavy metals such as lead and copper (Lee and Chang, 2011). Cladophora provides chemical 
for cosmetic uses. (Soltani et al., 2011).    

Plants and algae are affected by environmental changes such as global warming, water 
acidification, etc. The effects either positively or negatively exert on plants and algae; different 
ecological condition promotes certain kind of algae, such as, Galdieria (Hirooka et al., 2017). 
On the other hand, management of plants and algae in ecological community might be a way 
to improve those environmental changes. The aim of this study was to explore and identify 
plants and algae. Information would be further used to manipulate plants and algae in ecological 
optimization to approach better condition for agriculture and better human living.  
 Materials and Methods 
 

Exploration of the campus area was conducted on October, 2017 and April, 2018. 
Aquatic Plants were taken photograph. Plant’s type was identified into three categories 
regarding to the report of Brown (2012). Plant densities were scored as “abundant and found 
everywhere” (++++), “abundant and found in certain area” (+++), “moderate and found in 
limited area” (++) and “few and found in limited area” (+). Water samples were examined under 
microscope. Algae, found under microscope, were identified regarding to description reported 
by Van Vuuren et al. (2006). Plants which were susceptible to lack of water, such as Water 
pennywort, water snowflake and hydrilla, were kept in artificial ponds, to be analyzed during 
dry season. Water samples from these ponds were examined for algae as well. 
 Results and Discussion 
 
 Thirteen genera of aquatic plants, in eight orders and 10 families, were found and 
identified. Nine genera were classified as “marginal” plants (Table 1). Signal grass 
(Brachiaria), Burmuda grass (Cynodon) and sedges (Cyperus) were considered abundant; these 
three genera were seen everywhere. Water hyacinth (Eichhornia), pipewort (Eriocaulon), water 
pennywort (Hydrocotyle), morning glory (Ipomoea) lotus (Nelumbo) and tridax daisy (Tridax) 
were less abundant and found in the certain areas (Figure 1 and 2). Water sprite (Ceratopteris), 
Hydrilla and water snowflake (Nymphoides) were found in a few number and only in the limited 
areas (Figure 3). Since water sources in the campus area were not permanent pools, when water 
dried out, three later genera were died or turned into dormant stage and were not seen.  
 The pool areas, once dominated by these plants, were outgrown by other land plants, 
including Cyperus and other grass plants during dry season. During flood season, grass plants 
were probably affected by lack of oxygen. Deplete of oxygen, in plant tissues, promoted 
anaerobic respiration which resulted in accumulation of anaerobic metabolites such as alcohol 
and lactic acid (Crawford, 2003) and grass probably less tolerate to these metabolite than 
aquatic plants. 
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Table 1 Classification and density of aquatic plants in Rajmangala University of Technology 
Srivijaya, Trang Campus 
 
Genus Type Clade Order Family Density 
      Brachiaria Marginal Monocots Poales Poaceae ++++ 
Ceratopteris Marginal Ferns Polypodiales Pteridaceae + 
Cynodon Marginal Monocots Poales Poaceae ++++ 
Cyperus Marginal Monocots Poales Cyperaceae ++++ 
Eichhornia Floating Monocots Commelinales Pontederiaceae +++ 
Eriocaulon Marginal Monocots Poales Eriocaulaceae ++ 
Hydrilla Submerged Monocots Alismatales Hydrocharitaceae + 
Hydrocotyle Marginal Dicots Apiales Araliaceae +++ 
Ipomoea Marginal Dicots Solanales Convolvulaceae +++ 
Nelumbo Marginal Dicots Proteales Nelumbonaceae +++ 
Nymphaea Floating Dicots Nymphaeales Nymphaeaceae ++ 
Nymphoides Floating Dicots Asterales Menyanthaceae + 
Tridax Marginal Dicots Asterales Asteraceae +++              

  

  Figure 1 Morning glory (Ipomoea aquatica Forssk)        
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  Figure 2 Water pennywort (Hydrocotyle umbellata L.) at flowering stage  
 Cyanobacteria were common to every water source in Rajmangala University of 
Technology Srivijaya, Trang Campus. Oscillatoria was dominant among other blue green 
bacteria in every pool directly contacted to sunlight and was grown in a form of green sludge 
floating on water surface; water snowflakes were also seen in the area (Figure 3). However 
Oscillatoria was not seen together with water pennywort which preferred shaded area. 
Oscillatoria was reported to be well adapted to sun light and able to tolerate to temperature 
fluctuation (Biddanda et al., 2015). 

 

  Figure 3 Water snowflake (Nymphoides indica (L.) Kuntze) in a natural water pool; Oscillatoria was also seen in the area as floating dark green patches  
 Green algae of Zygnematophyceae were abundant in the campus area. Chara grew well 
in area contact to sunlight. However Oscillatoria was not found in the area where Chara was 
seen. Spirogyra (Figure 4), on the other hand, was well adapted to shaded area (Krupek and 
Branco, 2012) and required soft water to grow (Cambra and Aboal, 1992). Hence this 
filamentous alga was easily seen in pools where water pennywort was grown. 
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  Figure 4 Spirogyra observed under microscope (10x)    Other Zygnematophyceae algae, such as Closterium and Cosmarium, were also found in water canals and pools. Closterium was found in water bed under morning glory and was seen in two-celled crescent form. Closterium preferred shaded area, hence it was found on water bed and required light protection from aquatic plants (Van Vuuren et al., 2006).  Cosmarium was observed in everywhere both shaded or sun lighted area (Stamenkovic and Hanelt, 2013). However, in this study Cosmarium was abundant in sun lighted area and was able to live well with Oscillatoria. Cosmarium itself produced mucilage substances as it was reported by Van Vuuren et al. (2006). The mucilage substances were able to cause trouble to some aquatic plants like water snowflake in this study.    Conclusions  
 

Rajamangala University of Technology Srivijaya, Trang Campus harbored abundant of 
signal grass, Bermuda grass and sedges. Water pennywort, water hyacinth, pipewort, morning 
glory, lotus and tridax daisy were less abundant than the previous three. These nine genera of 
plants were able to survive as land plants during dry season. Several algae were found living 
with aquatic plants in the area. For the algae and cyanobacteria associated with these aquatic 
plants, most of algae belonged to Zygnematophyceae except Oscillatoria. Oscillatoria, Chara 
and Cosmarium preferred sun lighted area whereas Closterium and Spirogyra preferred shaded 
area. 
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Evaluation of Universal Pre-enrichment Medium for Multiple 
Foodborne Pathogen Detection in Milk by PCR Based Method 

  
Chanida Kupradit1*, Chompoonuch Khongla1, Sumalee Musika1, Araya Ranok1, 

Seksan Mangkalanan1 and Mariena  Ketudat-Cairns2  ABSTRACT 
 

 Milk has been shown to be a natural reservoir for a number of pathogens. Therefore, specific, and sensitive methods such as polymerase chain reaction (PCR) have been considered for detecting and identifying pathogens. Foodborne pathogen detection in naturally contaminated milk by PCR has been performed under varying enrichment medium and protocols. Therefore, the aim of this research was to evaluate the effect of different pre-enrichment broth including, buffer peptone water (BPW), lactose broth (LB), trypticase soy broth (TSB) and Half-Fraser broth (HF), on the sensitivity and specificity of PCR to detect Bacillus cereus, Escherichia coli, Listeria monocytogenes, Salmonella spp., and Staphylococcus aureus in artificially contaminated milk samples when compared to conventional culture techniques. For conventional culture detections, the presumptive colonies of all five target pathogens were observed on their selective agar after 24 hours enrichment in LB. For enrichment culture of BPW, TSB, and LB, the minimum bacterial load that tested positive for E. coli, S. aureus and Salmonella by PCR had 30, 25, and 13 cells in milk, respectively. Artificially contaminated milk sample with initial concentration of           L. monocytogens at 8 cells showed positive PCR results after 24 hour enrichment in HF. Contamination of B. cereus at initial concentration lower than 10 cells in milk could not be detected by PCR after 24 hour enrichment in all media while conventional culture could be detected in LB cultures. These results indicated that the suitable pre-enrichment broth for the detection of B. cereus, E. coli, Salmonella spp. and S. aureus was LB and for                          L. monocytogenes was HF. By this reason, the enrichment of two bacterial groups in LB for enrichment of Salmonella, E. coli, S. aureus, B. cereus and HF for L. monocytogenes will be performed prior to total genomic DNA extraction followed by simultaneous detection using PCR based method.  Keywords: Foodborne Pathogens, Pre-enrichment Broth, PCR, Milk           
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Introduction 
Amongst the food samples, milk has been shown to be a natural reservoir for a number 

of pathogenic strains and thus represents a significant health risk (Ramesh et al., 2002). In 
Thailand and many other countries, the prevalence of foodborne pathogens especially Bacillus 
cereus, Escherichia coli, Listeria monocytogenes, Salmonella spp. and Staphylococcus aureus 
in raw milk and dairy products have been reported (Chye et al., 2004; Van Kessel et al., 2004; 
Padungtod and Kaneene, 2006; Chitov et al., 2008; Bianchi, 2013; Kanungpean et al., 2014; 
Ombarak et al. 2016). The conventional methods for detecting enteropathogens in food 
comprises of propagation in selective enrichment media followed by microbiological and 
biochemical tests.  They are very laborious and time consuming (Boera and Beumer, 1999; 
Ramesh et al. 2002). For cultural based methods, processing of large numbers of samples is not 
easy in general, 10 or more tests may be necessary for differentiation of the species within a 
group (Settanni and Corsetti, 2007). Therefore, rapid, specific, and sensitive methods for 
detecting and identifying pathogens have been developed. Most methods of detecting bacteria, 
including nucleic acid-based, antibody-based, and biosensor-based methods, frequently require 
a bacterial enrichment step. The growth of target bacteria may be influenced by the co-existence 
of other unrelated bacteria when a nonselective enrichment broth is used (Xiao et al., 2014). 
The highly selective medium, secondary enrichment media can be employed to help select the 
specific bacteria from a mixed bacterial background culture (Bailey and Cox, 1992). Although 
the two-step enrichment method can be selective, it is labor intensive and time consuming (Xiao 
et al., 2014). Thus, the universal pre-enrichment broth for effective growth of the regulated 
target pathogenic bacteria in milk, particularly for the growth of B. cereus, E. coli, L. 
monocytogenes, S. aureus, and Salmonella spp., is needed. Several research have reported the 
novel pre-enrichment broth for detection of multiple pathogens (Zhao and Doyle, 2001; 
Oliveira et al., 2003; Myint et al., 2006; Suo and Wang, 2013; Xiao et al., 2014). However, 
data information of universal pre-enrichment broth to support the growth of B. cereus, E. coli, 
L. monocytogenes, S. aureus, and Salmonella spp. are still limited. Therefore, the purposes of 
the present study were to evaluate a pre-enrichment broth suitable for the concurrent growth of 
E. coli, B. cereus, L. monocytogenes, Salmonella and S. aureus. The general non-selective 
media including buffer peptone water (BPW), lactose broth (LB), trypticase soy broth (TSB) 
were tested for the performance of bacterial enrichment from milk. The selective media, Half 
Fraser broth (HF), was also evaluated for the enrichment of L. monocytogenes. The detection 
of multiple target pathogens were performed by PCR based methods using total genomic DNA 
extracted from each enrichment cultures after 24 hours enrichment as templates. The sensitivity 
and specificity of the enrichment media were evaluated from the artificially contaminated milk 
samples. 
Materials and methods 
 
1. Bacterial strains and culture conditions 

The bacterial reference strains, including B. cereus TISTR 1474, E. coli TISTR 887, L. 
monocytogenes DMST 1327, S. aureus TISTR 517, and Salmonella Typhimurium TISRT 292, 
were obtained from The Culture Collection for Medical Microorganism, Department of 
Medical Sciences, Thailand (DMST) and Thailand Institute of Scientific and Technology 
Research (TISTR). All strains were aerobically grown at 37 °C in TSB (United States Food and 
Drug Administration, 1998). After overnight incubation from single colony, bacterial cells were 
used for preparation of artificially contaminated milk.  
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2. Artificially contaminated milk preparation and pre-enrichment 
The evaluation of universal pre-enrichment for simultaneous multiple pathogen 

detection was tested with total of 4 enrichment broths. In this experiment, pasteurize milk from 
supermarket in local area were tested as natural and bacteria spiked samples. To determine the 
sensitivity of conventional culture and PCR for detecting bacteria, B. cereus TISTR 1474, E. 
coli TISTR 887 and L. monocytogenes DMST 1327, S. aureus TISTR 517 and S. Typhimurium 
TISRT 292 were separately grown in TSB at 37°C for 18–24 h. A 10-fold dilution series of 
each bacterial culture were prepared using 0.85% sterile NaCl solution. At the same time, 
enumeration was done by spreading 100 μl dilutions onto TSA plates for viable count. For 
spiked samples, 10 ml of the milk samples were spiked with 100 µl of each cell dilution solution 
prior to separately adding of 90 ml of each pre-enrichment broth including BPW (United States 
Food and Drug Administration, 1998), LB (United States Food and Drug Administration, 
1998), TSB (United States Food and Drug Administration, 1998), and HF (Himedia, Mumbai, 
India). Sample BC, TC, LC and HC were non-spiked milk samples.  Concentrations of each 
pathogen spiked in milk are shown in Table 1. The enrichment steps were performed to increase 
target bacterial cells in all universal pre-enrichment broths under aerobic condition for 24 hours 
at 37oC.  After 24 hours incubation, aliquot of each enrichment culture from spiked and non-
spiked milk samples were subjected to the PCR and conventional culture analyses. Target 
bacterial detection from the enrichment cultures were evaluated using conventional culture and 
PCR technique.  
 
Table 1 The initial cell concentration of target pathogenic bacteria in artificially contaminated 

milk  
 

Enrichment 
medium 

Sample 
name 

Bacterial concentration (cells) 
B. cereus E. coli L. monocytogenes S. aureus S. Typhimurium 

 
BPW 

Bc 0 0 0 0 0 
B1 10 130 83 25 123 
B2 5 30 8 20 13 

TSB 
Tc 0 0 0 0 0 
T1 10 130 83 25 123 
T2 5 30 8 20 13 

LB 
Lc 0 0 0 0 0 
L1 10 130 83 25 123 
L2 5 30 8 20 13 

HalF Fraser 
Hc 0 0 0 0 0 
H1 10 130 83 25 123 
H2 5 30 8 20 13   

3. Pathogen detection by conventional culture methods  
For pathogen detection by conventional culture methods, all enrichment culture were 

streaked on MYP agar (Himedia), EMB agar (Himedia), PALCAM agar (Himedia), XLD agar 
(Himedia) and Baird Parker agar (Himedia) for B. cereus, E. coli, L. monocytogenes, 
Salmonella and S. aureus detections, respectively. The isolation of E. coli and Salmonella were 
incubated at 37oC for 24 hours. For L. monocytogenes detection, the enrichment cultures were 
incubated at 37oC for 48 hours. The isolation of B. cereus on MYP agar and S. aureus on Baird 
Parker agar were carried out at 35oC for 48 h. 
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4. Pathogen detection by PCR technique 
For detection of bacterial pathogens by PCR technique, 1 ml of milk enrichment cultures 

from BPW, LB, TSB, and HF of a total 12 samples (Table 1) were separately collected. Cell 
pellets were harvested by centrifugation and washed once in 0.85% sterile NaCl solution. The 
cell pellets were then extracted for the total genomic DNA using phenol-chloroform based 
method (Kupradit et al., 2013). The total genomic DNA pellet was dissolved in 50 µl Tris-
EDTA (TE), pH8. PCR assay were performed using gene specific primers as shown in Table 
2. A total volume of 25 μl PCR reaction contained 1X GenTaq PCR buffer (Invitrogen), 0.2 
mM dNTPs (Invitrogen), primers of 0.4 µM of each primer (Table 2), 0.5 U DNA polymerase 
(Invitrogen), and genomic DNA templates. One µl of the total genomic DNA solution obtained 
from each enrichment cultures were used as template for separate amplification of 16S rRNA, 
entFM, uspA, prfA, fimY and eap genes. The PCR reactions were heated at 95ºC for 3 min and 
then, 35 cycles at 95ºC for 30 s, 52ºC for 45 s, and 72ºC for 60 s followed by a final step of 5 
min incubation at 72ºC. The products of PCR were analyzed by electrophoresis on 1.5% agarose 
gel.  
Table 2 Primers used for target gene amplifications by PCR 

Target 
bacteria 

Target 
gene Primer name Primer sequences (5’->3’) 

PCR 
product 
size (bp) 

References 

All bacteria  16S rRNA 16S_F 
16S_R 

AGACTCCTACGGGAGGC 
GGTAAGGTTCTTCGCGT 625-

655 Kupradit et 
al., 2013 

S. aureus eap SA_eap_F1 TTAAATCGATATCACTAAATACCTC 230 Hussain et 
al., 2008 SA_eap_R1 TACTAACGAAGCATCTGCC 

B. cereus  enterotoxin 
FM 

BC_EntFM_F200 TGCTGATGTATTAAATGTTCGTTC 513 Kupradit et 
al., 2017 BC_EntFM_R713 GCGTTGTATGTAGCTGGGCCT 

E.  coli uspA EC_uspA_F CCGATACGCTGCCAATCAGT 884 Chen and 
Griffiths, 

1998 EC_uspA_R ACGCAGACCGTAGGCCAGAT 

L. monocytogenes prfA LM_prfA_F CACAAGAATATTGTATTTTTCTATATGAT  398 Kupradit et 
al., 2013 LM_prfA_R CAGTGTAATCTTGATGCCATCA 

Salmonella spp. fimY SM_fimY_F GCCTCAATACAGGAGACAGGTAGCG 315 Kupradit et 
al., 2017 SM_fimY_R GCAGGGAAAGACACCGCCGTTTAA 

 Results and Discussion 
 

1. Pathogen detection using conventional cultures 
The target pathogens in 8 artificially contaminated milk samples with initial cell 

concentration ranging from 5 to 130 cells were enriched using different universal pre-
enrichment medium and isolated on isolation agar. Sensitivity results of pathogen detection 
using conventional methods are shown in Table 3. The contaminations of target pathogens were 
not detected in all 4 non-spiking pasteurized milk samples (Table 3). For E. coli detection, the 
presumptive colonies which were able to produce metallic green sheen on EMB agar (Himedia) 
were found after 24 hours enrichment in BPW, TSB and LB media with low initial 
concentration of 30 cells (Table 3). For detection of Salmonella in artificial contaminated 
milks, red colonies with black center on XLD agar (Himedia) were observed after 24 hours 
enrichment in BPW, TSB and LB with initial cell concentration ranged from 123 to 13 cells 
(Table 3). The presumptive Listeria colonies of dark or with dark halo were found on esculin 
containing medium (PALCAM) (Himedia) from 24 hours enrichment in BPW, TSB, LB and 
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HF medium with initial concentration of 83-8 cells (Table 3). The black colonies with opaque 
zone of S. aureus were found on Baird Parker agar (Himedia) after 24 h enrichment in BPW, 
TSB, LB and HF with initial cell concentration of 20-25 cells. In case of B. cereus, low initial 
cell concentration as 5 cells in milks could be enriched only in LB media. The presumptive red 
colonies with opaque zone of B. cereus were found on MYP agar (Himedia) after 24 h 
enrichment in LB medium. Based on results of pathogen detection using conventional culture 
method, all target bacteria was isolated from artificially contaminated milk after 24 hours 
enrichment in LB with low initial concentration of 30 cells E. coli, 13 cells Salmonella, 8 cells 
L. monocytogenes, 20 cells S. aureus, and 5 cells B. cereus.   
 
Table 3 Sensitivity of multiple target pathogen detections by conventional cultures from  

  different pre-enrichment medium   
 

Enrichment 
broth 

S. aureus on 
Baird Parker 

agar 
L. monocytogenes on 

PALCAM agar 
B. cereus on 
MYP agar 

E. coli on 
EMB agar 

Salmonella 
spp. on 

XLD agar 
HF +milk 
(control) - - - - - 

HF + milk spiked 
with bacteria 25 cells 8   cells - - - 
BPW + milk 

(control) - - - - - 
BPW + milk 
spiked with 

bacteria 
25 cells 8   cells - 30  cells 13 cells 

LB + milk  
(control) - - - - - 

LB + milk spiked 
with bacteria 20 cells 8   cells 5 cells 30  cells 13 cells 

 
TSB + milk 

(control) - - - - - 
TSB + milk 
spiked with 

bacteria 
25 cells 8   cells - 30  cells 13 cells 

 
2. Multiple pathogen detection using PCR based methods 

 
Multiple pathogen detection by PCR was performed using gene specific amplification 

as shown in Table 2. The 4 different pre-enrichment media, E. coli, Salmonella spp. and S. 
aureus were detected by PCR from artificial contaminated milk after 24 hours enrichment in 
BPW, TSB and LB (Table 4). Results of specific gene amplifications using total genomic DNA 
extracted from each enrichment cultures as templates are shown in Figure 1.  
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Figure 1 Sensitivity of pathogen detection from artificially contaminated milk with different  
    cell concentrations (Table 1) by PCR after 24 hours enrichment in BPW (B), LB (L), 

TSB (T) and HF (H). The amplification of 16S rRNA with bacteria universal primers 
are shown in Figure 1a. The amplification of EntFM, uspA, prfA, eap and fimY genes 
with gene specific primers (Table 2) are shown in Figure 1b-f, respectively. M, 
DNA ladder 100 bp (Invitrogen). The genomic DNA of each target bacteria 
including, BC: B. cereus; EC: E. coli; LM: L. monocytogenes; SA: S. aureus; SM: S. 
Typhimurium, were used as templates of positive control for specific gene 
amplification of each specific primer. 

 
 
The 16S rDNA PCR products were observed in agarose gel electrophoresis especially 

in the amplification of genomic DNA extracted from enrichment culture which target bacteria 
were spiked in milk samples (Figure 1a). In our research, the 16S rRNA gene which can be 
amplified from all target bacteria was used as an internal control of the presence of amplifiable 
bacterial DNA. These results indicated that the PCR reaction contained bacterial gDNA. The 
amplicons of gene specific were found from amplification of uspA, eap, and fimY using gDNA 
extracted from milk enrichment culture of BPW (B1, B2), LB (L1, L2), TSB (T1, T2) medium 
as templates for detection of E. coli, S. aureus and Salmonella spp. (Figure 1c e, f), respectively. 
These results indicated that BPW, LB and TSB could be used as the enrichment medium for 
simultaneous specific detection of E. coli, S. aureus, Salmonella spp. in milk by PCR methods.  
However, only the faint PCR product bands of eap and fimY were detected from amplification 
of specific gene using gDNA extracted from enrichment culture of BPW medium as template 
(Figure 1e and f). For enrichment culture of BPW, TSB and LB medium, the minimum initial 
concentration of bacterial load that tested positive for E. coli, S. aureus and Salmonella by PCR 
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had 30, 25, and 13 cells in sample, respectively. Similar results using the combination of 
enrichment step and PCR have been reported by Myint et al. (2006). Chicken meat samples 
from retail grocery stores were pre-enriched in buffered peptone water (BPW) and Salmonella 
specific primers ST 11 and ST 15 were used to amplify a 429 bp region of random fragment 
target specific to all Salmonella spp. Earlier researchers reported that both PCR and culture 
methods demonstrated increased sensitivity when pre-enrichment with BPW was followed with 
selective enrichment in TT-H (Myint et al., 2006). For detection of L. monocytogenes, PCR 
products of prfA gene amplifications were observed in only the amplification of gDNA 
extracted from HF enrichment cultures (Figure 1d). Milk samples with initial L. monocytogens 
concentration ranged from 83 to 8 cells showed positive results after 24 h enrichment using HF 
as enrichment medium. These results agree with the results observed by Jofŕe and colleagues 
in 2005. They reported that the enrichment of the samples only in BPW produced poor detection 
of L. monocytogenes due to the major growth of Salmonella in this broth. Another enrichment 
broth has been reported for enrichment of Salmonella spp., S. aureus, and L. monocytogenes in 
different food sources prior to detection by PCR based method. In 2001, Zhao and Doyle 
developed the universal pre-enrichment broth (UPB) for enrichment of injured foodborne 
pathogens of E. coli O157:H7, S. Tyhimurium, Salmonella Enteritidis and L. monocytogenes. 
The researchers found that enrichment in UPB at 37oC of foods or environmental sponge 
samples containing heat-injured cells of S.Typhimurium, S. Enteritidis, E. coli O157:H7, or L. 
monocytogenes for 24 hours was sufficient cell population for detection by rapid immunoassay 
or PCR assay procedures (Zhao and Doyle, 2001). In 2003, Oliveira and colleagues reported 
that PCR with non-selective media (peptone water or in BHI) was less sensitive than PCR with 
selective media (RV broth) which could decrease the time necessary to detect and identify 
Salmonella (Oliveira et al. 2003).  In 2008, Kim and Bhunia developed the SEL broth to allow 
the simultaneous growth of Salmonella enterica, E. coli O157:H7, and L. monocytogenes. 
Researcher investigated that SEL promoted the growth of all three pathogens in a mixture in 
ready-to-eat salami and in turkey meat samples. Moreover, each pathogen was readily detected 
by a pathogen-specific immune-chromatographic lateral-flow or multiplex PCR assay (Kim 
and Bhunia, 2008). In 2013, Suo and Wang evaluated the detection of Salmonella, E. coli 
O157:H7 and L. monocytogenes in artificially contaminated ground beef after 20 hours 
enrichment of sublethally injured cells in a selective enrichment broth SEL. The researcher 
reported that all the three injured pathogens could be simultaneously detected without 
discrimination by real-time PCR combined with SEL broth. However, when BPW was 
employed as the enrichment broth in the same detection procedure, injured L. monocytogenes 
could not be detected if the initially spiked level was below 102 CFU/10 g ground beef (Suo and 
Wang, 2013). In 2014, Xiao and colleagues developed novel enrichment broth (SSS broth) for 
detection of S. Enteritidis, Shigella dysenteriae, and S. aureus, by multiplex real-time PCR. A 
major characteristic of selective enrichment SSS broth suitable for the growth of multiple 
pathogens is that, in addition to the basic ingredients and promoters, it can be formulated by 
adding three antimicrobial agents. However, data showed that the SSS broth had little inhibitory 
effect on growth of these target pathogens (Xiao et al. 2014).  

In this research, the target pathogens and food samples were different from the previous 
reports. The concentration of microbial background in pasteurized milks was very low when 
compared to meat sample. Thus, only non-selective media including BPW, LB, TSB media 
were evaluated for enrichment of B. cereus, E. coli, Salmonella spp., and S. aureus in 
pasteurized milk to avoid the inhibitory effect on growth of these target pathogens. However, 
B. cereus at initial concentration lower than 10 cells in milk could not be detected by PCR 
methods after 24 enrichments in all media tested while conventional culture could be detected 
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in only LB enrichment cultures (Table 4). These might be the amount of genomic DNA of 
Gram-positive bacteria, B. cereus, was lost during the DNA extraction step. Therefore, yield of 
the genomic DNA extracted from B. cereus was lower than that of other Gram-negative bacteria 
at the same level of cell concentration. Our finding results indicated that enrichment is 
necessary and extremely common for target bacteria detection. Based on the results of pathogen 
detection using conventional culture methods and PCR assay, the suitable pre-enrichment for 
detection of B. cereus, E. coli, Salmonella spp. and S. aureus was LB. The suitable pre-
enrichment medium for detection of L. monocytogenes was HF. 

 
 

Table 4 Comparison of pathogen detection by conventional and PCR techniques 
 

Enrichment 
medium 

Sample 
name 

Conventional culture * PCR technique* 
BC EC LM SA SM BC EC LM SA SM 

MYP 
agar 

EMB 
agar 

PALCAM 
agar 

Baird 
Parker 

agar 
XLD 
agar 

EntFM uspA prfA eap fimY 

 
BPW 

Bc - - - - - - - - + - 
B1 - + + + + - + - + + 
B2 - + + - + - + - + + 

TSB 
Tc - - - - - - - - + - 
T1 - + + + + - + - + + 
T2 - + + - + - + - + + 

LB 
Lc - - - - - - - - + - 
L1 + + + + + - + - + + 
L2 + + + + + - + - - + 

HF 
Hc - - - - - - - - - - 
H1 - - + + - - - + - - 
H2 - - + - - - - + - - 

 
* Target bacterial pathogens including, BC: B. cereus; EC: E. coli; LM: L. monocytogenes; SA: S. aureus; SM: S. 
Typhimurium  
Conclusion  
 

The initial concentration of pathogen contamination in food samples is often at a very 
low level (Zhao and Doyle, 2001). Moreover, more than one species of bacterial pathogens 
could be contaminated in food. Thus, a multipathogen selective enrichment medium is essential 
to allow the concurrent growth of pathogens (Kim and Bhunia, 2008). In milk samples 
contaminated with B. cereus, E. coli, L. monocytogenes, S. aureus, and Salmonella spp. at very 
low initial of cell contamination, pre-enrichment for 24 h in the suitable pre-enrichment broth 
could increase sensitivity and accuracy of pathogen detections. In this research, the LB and HF 
was the most suitable pre-enrichment both for detection of these pathogens by both 
conventional culture and PCR methods. By these reasons, separate enrichment of two bacterial 
groups in LB for enrichment of B. cereus, E. coli, S. aureus, Salmonella and HF for enrichment 
of L. monocytogenes will be performed prior to total genomic DNA extraction. Then the 
detection of Salmonella, E. coli, S. aureus, B. cereus should be performed using total genomic 
DNA extracted from LB culture as template. For L. monocytogenes detection in milk sample, 
total genomic DNA were extracted from HF culture and were used as template alone for 
amplification of prfA gene by conventional PCR. By these techniques, all target bacteria will 
be simultaneously detected using DNA labeling of all PCR product and hybridized with their 
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specific probes on single array. Therefore, combining these methods with PCR-oligonucleotide 
array could increase detectability and accuracy of the detection systems which can be applied 
to detect multiple target pathogen species directly from milk after 24 hours enrichment in LB 
and HF. 
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Potential Use of Cashew Leaves Extract for the Quality 

Improvement in Chinese Sausage (Kun-Chiang) 
 

Supasit Chooklin1* and Parichat Ninup-patham2  ABSTRACT 
  The objective of this study was to assess the effect of cashew leaves extract CLE on 

the chemical and microbial qualities of Chinese sausage stored at 4°C for 21 days. The total phenolic and antioxidant activity of CLE were 219.58±2.35 mg GAE/g DW and 1,205.68±3.12 
equivalent to vitamin C mg/g DW, respectively. CLE inhibited tested microorganisms L. 
monocytogenes DMST 17003, E. coli TISTR 780 and S. aureus 1466 by agar well diffusion 
method. During refrigerated storage, sausages containing CLE showed lower L* values and higher a* value compared to the control. CLE tended to retard the increase in TBARS values. Moreover, microbial counts of the sausages with CLE were lower than control samples during storage. These results demonstrated that CLE are effective against microbial growth and lipid oxidation and showed potential as a natural antioxidant and antimicrobial in Chinese sausages.
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Introduction   Chinese sausage is a popular Chinese-style semi-dry sausage Du and Ahn, 2001; Sun 
et al., 2010 which is susceptible to quality deterioration due to their rich nutritional 
composition. The quality deterioration is due to chemical and microbial changes. Meat and 
poultry products have frequently been found to be contaminated with microorganisms during 
the butchering and manufacturing process. These microorganisms produce undesirable quality 
changes in meats, especially in relation to lactic acid bacteria, a major bacterial group associated 
with meat spoilage Doulgeraki et al., 2012. The most common form of chemical deterioration 
is the oxidation of meat lipids. Lipid oxidation is a complex process and depends on chemical 
composition of meat, light and oxygen access and storage temperature Kanner, 1994. It would 
be useful if an additive in meat products could prevent lipid oxidation. One of the common 
strategies for retarding lipid oxidation is the use of antioxidants. The antioxidants can be of 
synthetic or natural origin. Synthetic antioxidants such as butylate hydroxyanisole BHA, 
butylate hydroxytoluene BHT, tert-butylhydroxylhydroquinone TBHQ, and propyl gallate PG have been widely used in meat and poultry products Formanek et al., 2001; Biswas et al., 
2004; Jayathilakan et al., 2007. Various plant materials containing phenolic compounds have 
been demonstrated to be effective antioxidants in meat products Mielnik et al., 2006. In 
recently year, the demand for natural antioxidants, especially of plant origin has increased due 
the growing concern among consumers about these synthetic antioxidants because of their 
potential toxicological effects Juntachote et al., 2006; Naveena et al., 2008; Nunez de 
Gonzalez et al., 2008. 

Anacardium occidentale L. (family Anacardiaceae) or cashew is a small-sized tree with 
a dome-shaped crown. The bark is brown or grey with longitudinal fissures. Leaves are simple, 
alternate, narrowly to broadly obovate with a rounded apex. In the early stages, leave are pliable 
and reddish but turn to dark green and leathery with prominent yellow veins when mature. 
Traditionally, cashew leaves have also been used to treat rheumatic disorders and hypertension Tan and Chan, 2014. Phenolic compounds are a large group phytochemicals derived from 
secondary metabolism in plants that serve as powerful antioxidant. Antioxidant properties 
based on phenolic content and antioxidant activity of fresh leaves of cashew was 3,890 mg 
GAE/100 g and 6,620 mg ascorbic acid/100 g Tan and Chan, 2014. Moreover, the total 
polyphenol content of young cashew leaves, which is indigenous vegetables from southern 
Thailand, was 4,075.79 mg GAE/100 g Kongkachuichai et al., 2015.  

However, to our knowledge, there is no information available regarding the 
effectiveness of the inclusion of cashew leaves to inhibit lipid oxidation and antimicrobial in 
Chinese sausage. Consequently, the objective of the present study was to investigate the effects 
of addition of CLE to Chinese sausage on retarding lipid oxidation and antimicrobial, as well 
as determining its impact on quality deterioration during of Chinese sausage storage. 
 Materials and Methods 
 
Preparation of cashew leaves  

Cashew leaves were thoroughly washed and drained on a screen. Then, fresh cashew 
leaves were cut and tray-dried at 60°C until moisture was less than 10%. Samples were ground 
and sieved through 0.25 mm mesh, and kept in aluminum foil laminated packaging at ambient 
temperature 28-30°C.   
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Preparation of cashew leaves extract CLE 
 Leaf powder 2 g was mixed with 150 mL 60% (v/v) ethanol. The mixture was then 
placed in ultrasonic bath operating at a frequency of 45 MHz, an ultrasonic input power of 120 
watt. The extraction was done at 30°C for 25 min Chooklin et al., 2015.  Subsequently, the 
mixture was centrifuged (6000 rpm, 5°C, 5 min). The supernatant was collected and evaporated 
by rotary evaporator (100-150 mmHg, 40°C) then freeze-dried for complete solvent removal. 
Phenolic content was analyzed by a Folin Ciocalteu’s method Singleton, 1965 and expressed 
as mg gallic equivalent/g dried weight).  Anti-oxidants potency was analyzed through DPPH 
method and expressed as equivalent to vitamin C mg/g dried weight.  
 
Determination of total phenolic content 
 Total phenolics were determined using the Folin-Ciocalteau reagent, adapted from 
Singleton and Rossi 1965. 2 mL of properly diluted sample extracts was transferred and 
reacted with 10 mL of Folin-Ciocalteau reagent (previously diluted 10-fold with distilled water) 
in 25 mL volumetric flask. After 30 s and before 8 min, 8 mL of 7.5% of sodium carbonate was 
added and mixed, and the contents of the flask made to volume with distilled water. Solutions 
were heated in a 40°C water bath for 30 min. The color was developed and absorbance was 
measured at 765 nm. The standard curve was prepared using 0, 0.5, 1.0 and 1.5 mL of gallate 
stock solution (8 mg/100 mL) in 25 mL volumetric flask. The regression line between 
absorbance (y) and gallic acid content (x) was y = 0.0025x + 0.0064. The results were expressed 
as mg gallic acid equivalent (GAE) /g dry weight. 
 
DPPH radical scavenging activity 
 DPPH scavenging activity was determined using a modified method of Ohnishi et al. 1994. The free radical scavenging activity of crude extracts was tested, indicated by bleaching 
of the stable 1,1-diphenyl-2-picrylhydrazyl radical (DPPH). A diluted extract of the right 
concentration, 0.15 mL, was added to 0.9 mL of 0.1 mM ethanolic DPPH solution. The mixture 
was vertexed and allowed to stand at room temperature. After 20 min, the absorbance was 
recorded at 517 nm. A control consisted of 0.15 mL of 95% aqueous ethanol and 0.9 mL of 0.1 
mM DPPH solution. DPPH % scavenging activity (%SA) was calculated %SA = (C-X)*100/C, 
where C was absorbance of control and X was absorbance of the extract. 
 
Impact of CLE on the quality of Chinese sausage during the storage  Chinese sausage was prepared in the meat processing plant of Faculty of Agro – 
Industry, Rajamangala University of Technology Srivijaya under strict hygienic conditions. 
Lean meat 5x5x5 mm3 was mixed with NaCl 2%, lard 26%, sugar 10% and water 7%. 
To the mixture, CLE and BHT were added to obtain the final concentration of 0.2% w/w. 
Control containing no antioxidants was also prepared. Then all the samples were ground using 
a silent cutter. Finally, samples were manually stuffed into the collagen casings. Raw sausages 
were roped into approximate 10 cm lengths manually and dried in a pre-heated oven at 65ºC 
for 10 h. The sausages were then taken out and cooled to room temperature and then stored at 
4ºC. Each treatment of packaged sausage was randomly taken at days 0, 7, 14 and 21 to 
determine color L*, a* and b*, water activity (aw), thiobarbituric acid reactive substances 
(TBARS) and total bacteria value. All samples were prepared in triplicate.  
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Results and Discussion  
 
Chemical and microbial properties of CLE 
 Table 1 shows the yields of CLE in each process. The results show that the yields of 
CLE in ultrasound assisted extraction and freeze dry process were 94.69% and 1.26%, 
respectively.  
  
Table 1 Material balance of CLE. 
 

Process Input Output 
Drying 
-Cashew leaves 
-Moisture 

  
1,000 g 
74.9% 

  
225 g (22.5%) 

4.9% 
Milling and sieving 
-Milled cashew leaves (mesh no.60) 

  
225 g 

  
63.68 g (28.3%) 

Extraction (S/L ratio 1:50) 
-Ethanol (40%) 
-Milled cashew leaves 
-Crude extract 

  
3,183.75 mL 

63.68 g 
846.88 g 

  
2,336.87 mL (70.34%) 

  
801.91 g (94.69%) 

Freeze drying 
-Crude extract 

  
801.91 g 

  
10.10 g (1.26%) 

 
 Phenolic compounds are a large group of phytochemicals derived from secondary 
metabolite in plants that serve as effective antioxidants. Phenolic compounds are beneficial to 
humans, since they may play an important role as reducing agents for hydrogen atom or electron 
transfer to free radicals and metal chelating agents that can inhibit oxidative reactions, and 
particularly LDL oxidation that result in progressions of chronic diseases (Stagos et al., 2012). 
Total phenolic content and antioxidant activity of CLE in this study was 219.58±2.35 mg 
GAE/g DW and 1,205.68±3.12 equivalent to vitamin C mg/g DW. Similarly, Chooklin et al. 2015 examined ultrasound-assisted extraction of phenolic compound from southern Thai 
indigenous vegetables, reported that CLE (281.98 mg GAE/g DW, 723.91 equivalent to vitamin 
C mg/g DW) showed the highest total phenolic content and antioxidant activity.  The antibacterial activity of CLE was measured using the agar well diffusion assay. 
CLE showed inhibition against the three meats pathogenic and spoilage organism Figure 1. 
The susceptibility of the L. monocytogenes DMST 17003, E. coli TISTR 780 and S. aureus 
1466 to CLE was determined by minimal inhibitory concentration MIC. It was found that 
increasing extract concentration from 1 to 5%v/v increased the diameter of inhibition clear 
zone. The highest diameter of inhibition clear zone at 5%v/v extract concentration for L. 
monocytogenes DMST 17003, E. coli TISTR 780 and S. aureus 1466 was observed at 
19.5±0.71, 17.5±0.71 and 18.25±0.35 mm, respectively Table 2. The results show that L. 
monocytogenes gram-positive was the most sensitive among the three strains of bacteria used 
in the test. L. monocytogenes has emerged as a serious food-borne pathogen and is widely 
distribute in the environment. The pathogen survives and can grow over a wide temperature 
range, including refrigerator temperatures. L. monocytogenes poses a real threat as a post-
process contaminant in ready-to-eat meat products. Zhang et al. 2016 determined effects of 



Proceedings of the 9th Rajamangala University of Technology International Conference   294  

RMUT Driving Innovation for Thailand 4.0  

antimicrobial and antioxidant activities of spice extracts on raw chicken meat quality found that 
spice extracts showed various degrees of inhibition against the four meat pathogenic and 
spoilages organism  L. monocytogenes, E coli, P. fluorescence, L. sake. Moreover, the MIC 
of CLE to inhibit all the indicator strains was 2.5 mg/mL. Akash et al. 2009 similarly reported 
that the largest zone of inhibition was observed for ethanolic cashew leaf extract against S. 
aureus 20mm and E. coli 11 mm.  

   
 

  
 

Figure 1 Antibacteria activities of CLE against chosen bacterial strains. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E.coli TISTR 780   
 

L. monocytogenase DMST 17003 
 

S. aureus TISTR 1466 
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Table 2 Diameter of inhibition clear zone (mm) caused by CLE against chosen bacterial  
  strain.  

Microbial strain 
Inoculum 
volume 

(L) 
Extract 
content 

 (L) 

Diameter of inhibition clear zone 
(mm) 

Concentration (%v/v) 
1 3 5 

L. monocytogenase 
 DMST 17003 

50  
100   12.5±0.71b 15.5±2.12ab 17.5±3.54a 
200  12.0±0.00c 16.5±0.71b 18.5±0.71a 

100  
100   12.0±0.00b 14.0±0.00a 15.0±0.00a 
200  12.5±0.71c 16.0±0.00b 19.5±0.71a 

S. aureus TISTR 
1466 

50 
100   12.0±0.00b 14.0±0.00a 15.5±0.71a 
200  12.5±0.71b 16.0±1.41a 17.0±0.00a 

100  
100   12.0±0.00b 14.0±0.00a 15.5±0.71a 
200  12.5±0.71c 15.0±0.00b 17.5±0.71a 

E.coli TISTR 780 
50  

100   12.0±0.00c 14.0±0.00b 16.0±0.00a 
200  12.5±0.71c 15.0±0.00b 18.0±0.00a 

100  
100   12.0±0.00c 14.25±0.35b 16.0±0.00a 
200  12.75±0.35c 16.25±0.35b 18.25±0.35a 

 
*a, b, c means that share different letters are significantly different (P<0.05) 
 
Effect of CLE on quality of Chinese sausage during storage  Water activity and color values  
  The water activities of Chinese sausage were increased during refrigerated 
storage up to 21 days. All values obtained for the various group tested were between 0.62 - 0.68 Figure 2. 
  The L* values of the sausage decreased during the refrigerated storage Figure 
3A. The sausages containing CLE showed lower L* values than the control. This might be due 
to the presence of leaf pigments, especially, chlorophylls Li-wen et al., 2012. The polyphenols 
in CLE were likely oxidized to corresponding quinones by polyphenol oxidases. Those 
quinones might condense to form darkened compounds, which resulted in an intense color of 
sausage Lui et al., 2009.  
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  The a* values of the sausage decreased during the refrigerated storage Figure 
3B. The a* values with CLE and BHT were higher than the control at days 7, 14 and 21. It was 
observed that CLE showed a protective effect on the deterioration of color during refrigerated 
storage. The redness of meat products results from the presence of the heme proteins, 
hemoglobin and myoglobin. These proteins are red when they exist in the reduced forms and 
brown in the oxidized forms Sabeena et al., 2012. Lipid oxidation also contributes to 
deterioration of redness. Protective effect of natural antioxidants on color deterioration in meat 
products was reported. The phenolic compounds have been shown to inhibit lipid and protein 
oxidation in muscle foods Zhang et al., 2013. Therefore, it is likely that protective effect of 
CLE on color stabilizing of meat products might due to the present of phenolics. 
  Samples treated with CLE also showed decreased b* values Figure 2C over 
the entire storage period. The b* values of samples treated with CLE were higher than the value 
measured for the control throughout the entire storage period, which may have been caused by 
the presence of slight color compounds in the CLE. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Effect of CLE on water activity of Chinese sausage during storage at 4ºC. 
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Figure 3 Effect of CLE and BHT on color parameters of Chinese sausage during storage at  
      4°C. 
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 Thiobabutyric acid substance TBARS 
  TBARS analysis determines the formation of secondary products of lipid 
oxidation, mainly malondaldehyde, which may contribute to the off – flavor of oxidized fat. 
Figure 4 illustrate the antioxidant effects of CLE on the TBARS values of Chinese sausage 
during storage 4ºC for 21 days. The TBARS values of all samples increased with increasing 
storage. The TBARS values of all treated samples were lower than those of control and BHT 
during storage, showing that CLE had highly protective effect against lipid oxidation in Chines 
sausage. Natural antioxidants are believed to interrupt free radical chains by offering hydrogen 
from the phenolic groups, resulting in the formation of a stable end product. This finding was 
in line with previous results showing that mustard leaf possesses antioxidant activity in foods 
because of its high content of phenolic compounds Lee et al., 2010. Similarly, Zhang et al. 2016 examined the effects of antimicrobial and antioxidant activities of spice extracts on raw 
chicken meat quality and reported that the antioxidant effects of extracts inhibited TBARS 
values in chicken meat. Zhang et al. 2013 reported that Chinese sausage containing sage 
showed retarded increases in TBARS during refrigerated storage.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Effect of CLE on TBARS values of Chinese sausage during storage at 4ºC.   Microbial load 
  In this study, the total plate counts of all samples increased during refrigerated 
storage Figure 5. The total plate counts of Chinese sausage with CLE were between 0.99 to 
3.53 log CFU/g, which were lower than that of the control 1.09 – 4.99 log CFU/g. Some 
researchers have reported that phenolic compounds from different plant sources could retard 
the growth of various food-borne pathogens, and total phenolic content has been strongly 
associated with antimicrobial activity Shan et al., 2007. The antimicrobial activities of 
phenolic compounds may involve multiple modes of action. For example, phenolic compounds 
can break down the cell wall, disrupt the cytoplasmic membrane, cause leakage of cellular 
components, alter fatty acid and phospholipid constituents, influence the synthesis of DNA and 
RNA and destroy protein translocation Shan et al., 2007. 
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Figure 5 Effect of CLE on total plate count of Chinese sausage storage at 4ºC. 
 Conclusion  
 
 Cashew leaf extract was prepared with the aid of ultrasound with higher yield. Total 
phenolic and antioxidant activity of CLE were 219.58±2.35 mg GAE/g DW and 1,205.68±3.12 
equivalent to vitamin C mg/g DW, respectively. The results demonstrate the effectiveness of 
CLE in inhibiting microbial growth and reducing lipid oxidation of Chinese sausage during 
storage at 4ºC for 21 days.   
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Development of Pasta from Riceberry Flour, Commercial Rice 
Flour and Mung Bean Flour  
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 ABSTRACT 

 A mixture design of 3 components, namely, Riceberry flour (RBF 25-75%), commercial rice flour (CRF 12.5-37.5%) and mung bean flour (MBF 12.5-37.5%) were performed to investigate the optimum formulation of pasta using extrusion processing. The conditions of extrusion process were as follows: moisture content of each flour mixture was 30%, barrel and die temperature was 75-80 and 85-100˚C, respectively and screw speed was 100 rpm. It was found that the best quality in terms of color, texture and cooking quality of pasta was produced form 25% of RBF, 37.5% of CRF and 37.5% of MBF. The optimum pasta consisted of 14.90% (db) protein, 0.01% (db) fat, 0.08% (db) crude fiber, 3.80% (db) ash and 81.21% (db) total carbohydrate.  Keywords: Riceberry Flour, Commercial Rice Flour, Mung Bean Flour, Extrusion, Pasta                 
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Introduction  
 
 Extrusion cooking is increasingly being use in the production of food products such as 
breakfast cereals, snacks and pasta. The extrusion process can modify flour to produce a variety 
of pasta products. Purple rice called ‘Riceberry’ (Oryza sativa L.) is reported to have high 
nutritional value and it provides some special characteristics that can be used as the raw material 
to produce pasta by extruder. Riceberry bran contains bioactive compounds and anthocyanins 
that are able to reduce inflammation and acts as an antioxidant (Leardkamolkarn et al., 2011). 
Moreover, Riceberry is rich in fiber and minerals. Therefore, RBF was used in this study as a 
major ingredient to formulate into pasta. Wu et al. (2015) reported that when MBF was added 
to rice flour, it improved texture, appearance and nutritional value of pasta. Mixture design 
supports to design experiments with ingredient factors in mixture. The aim of this research was 
to use a mixture design to develop pasta formulation using extrusion processing. A mixture 
design of 3 components, namely, RBF, CRF and MBF were performed to identity the 
formulation achieving the optimum physical and chemical properties. 
 Material and Methods  
 
1. Raw material preparation 
 Riceberry and mung bean, from general supermarket of Thailand, was coarsely and 
finely ground by FitzMill comminutor and Pin Mill, respectively. RBF and MBF were then 
passed through an 80-mesh sieve. Finally, the prepared samples were packed, sealed in 
polyethylene bags and kept at 4 ˚C until use. While, CRF (Erawan Brand, Thailand) was 
purchased from local market. A three-factor mixture design was applied to develop pasta 
formulation from RBF, CRF and MBF in the range of 25-75, 12.5-37.5 and 12.5-37.5%, 
respectively. Nine formulations of pasta provided by mixture design were detailed in Table 1. 
Each mixed formula was then adjusted moisture content to 30% by thoroughly mixing and 
spraying water in a kitchenAid. All flour mixtures were kept at chilled temperature of a 
refrigerator for 48 hr to reach the maximum water absorption.  
 
Table 1 Formulations of pasta obtained from mixture design 
 

Formulation RBF (%) CRF (%) MBF (%) 
1 75 12.5 12.5 
2 62.5 18.75 18.75 
3 50 37.5 12.5 
4 50 31.25 18.75 
5 50 25 25 
6 50 18.75 31.25 
7 50 12.5 37.5 
8 37.5 31.25 31.25 
9 25 37.5 37.5 

 
2. Extrusion conditions  
 Pasta samples were produced with a laboratory scale single screw extruder. Screw 
length per diameter (L » D), screw diameter and length were 12:1, 25 and 300 mm, respectively. 
Diameter of die hole and barrel were 2 and 25 mm, respectively. The extruder barrel section 
was heated with band heater. The barrel temperature at transition and die zone was adjusted to 
75-80 and 85-100˚C, respectively and screw speed was 80-100 rpm. Feed rate was fixed at 20 
g/ min. The condition of extrusion was brought to steady state before sampling. Each pasta 
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sample was cooled at room temperature for 30 min, cut manually into 25 cm long and dried in 
hot air oven at 40°C about 3 hr until the moisture content reached to approximately 10%. 
Finally, the pasta were placed in polyethylene bags and stored at room temperature for analysis.  
 
3. Proximate analysis  
  The chemical composition (moisture, protein, ash and fiber) of pasta samples were 
determined according to the Association of Official Analytical Chemists standard (AOAC, 
2005).   
                                                                                                  
4. Pasta cooking quality 
 a) Cooking time 
 About 5 cm length of extruded pasta was cooked in boiling water. Optimum cooking 
time was defined as the required time for the core of cooked pasta strand to disappear when the 
cooked pasta was pressed between two transparent glass slides (Ritthiruangdej et al., 2011). 
 b) Cooking loss 
 The Cooking loss, defined as the amount of solid substance lost into the cooking water 
(Lu et al., 2009). The 5 g sample of pasta was placed into 200 mL of boiling distilled water. 
The cooking water and rinsed using 20 mL of distilled water. The cooking water and rinsing 
water were collected in a beaker and placed into an air oven at 105˚C until dry. The residue was 
weighed and reported as a percentage of the starting material. 
 c) Cooking yield 
 Cooking yield was determined according to American Association of Cereal Chemists 
method (AACC 66-50, 2003) For each sample, 5 g of pasta was cooked until their optimal 
cooking time was reached in 200 mL boiling distilled water, drained and rinsed with another 
50 mL of distilled water at room temperature for 1 min. Each of cooked pasta was weighed 
after reaching room temperature. Cooking yield of drained pasta was determined as follows:  
 

Cooking yield = (weight of cooked pasta)/(weight of raw pasta)×100 
 
5. The color of the cooked pasta  
 Each cook pasta color was measured with Hunter Lab (Color Quest XE, USA) equipped 
with a D65 illuminant using the CIE L* a* b* system. L* value is a measurement of brightness 
(0-100); a* value represents the red-green coordinates (- is green while + is red); b* value 
indicates the blue-yellow coordinates (- is blue while + is yellow).  
 
6. Pasta texture analysis 
 All pasta samples were cooked in boiling water for 6 min. Then, measurements were 
carried out at room temperature exactly 10 min after cooking (Lu et al., 2009). Texture 
properties of pasta were measured using texture analyzer (TA. XT plus, Stable Microsystem, 
UK). Each cooked pasta was pulled at test speed 1 mm/s with the Spaghetti tensile grips probe 
(A/SPR) and resulted as tensile strength (maximum force; g force).  
 All data were done in triplicate independent analyses and analyzed using one-way 
ANOVA. The significant of mean difference were analysed at p<0.05. 
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 Results and Discussion 
 
 Increasing of MBF to 37.25% in the formula, caused protein of pasta increased to 14.9% 
(db) as formula 7 and 9 (Table 2). This might be due to MBF containing with 26% (db) protein 
while RBF and CRF composed of about 9% (db) protein as in the preliminary experiment. 
Cooking time was varied from 8 to 9 min (Figure 1). This might be due to the difference of 
gelatinization temperature RBF CRF and MBF. Cooking yield was varied inversely with 
cooking loss. Increase the amount of MBF from 12.5% (formula 1) to 37.5% (formula 7 and 9) 
resulting the increasing of cooking yield to maximum 212% while cooking loss was only 15%. 
Brightness of all formulated pasta was about 44-46 which indicated dim color of pasta due to 
dark-purple color of RBF (Table 3). Tensile strength of pasta was increased directly with MBF 
from 13.9 to 24.1 g force that was supported by Wu et al. (2015).    
 
Table 2 Proximate composition of pasta developed from different formulation 
 

*Values are the mean±SD (replication=3); means that share different letters are significantly different (p<0.05)  
 
 

  
Figure 1 Cooking properties of different pasta 
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Formulation Chemical composition (% by dry basis)* 
Protein Fat Crude fiber Ash Carbohydrate 

1 11.67±0.03f 0.03±0.01bc 0.11±0.01b 3.47±0.19cd 84.71±0.21b 
2 12.05±0.36e 0.02±0.01c 0.09±0.01c 3.79±0.03bc 83.82±0.18c 
3 10.59±0.02g 0.03±0.01bc 0.05±0.01e 2.91±0.18e 86.42±0.17a 
4 11.70±0.07f 0.03±0.01bc  0.07±0.01cde 3.21±0.14de 84.98±0.18b 
5 13.09±0.13d 0.05±0.01a  0.07±0.01cd 3.93±0.13bc 82.86±0.04d 
6 14.11±0.01b 0.04±0.01b 0.08±0.01c 4.04±0.32b 81.74±0.32e 
7 14.92±0.32a 0.03±0.01bc 0.08±0.01c 4.76±0.08a 80.20±0.26g 
8 13.64±0.19c 0.02±0.01c  0.07±0.01cde 3.59±0.35bcd 82.68±0.42d 
9 14.89±0.03a 0.01±0.01d 0.08±0.01c 3.80±0.52bc 81.21±0.50f 
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  Table 3 Color values and tension force of pasta developed from different formulations 
 

    Values are the mean±SD (replication=3); means that share different letters are significantly different (p<0.05)  
     Conclusion  
 

The best quality pasta was produced form 25% of RBF, 37.5% of CRF and 37.5% of MBF. The pasta consisted of 14.90% (db) protein, 0.01% (db) fat, 0.08% (db) crude fiber, 3.80% (db) ash and 81.21% (db) total carbohydrate. 
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Formulation Color values Tension force 
(g  force) L* a* b* 

1 37.36±0.13c 4.32 ± 0.18a 0.51±0.05i 13.88±0.10f 
2 45.1±0.86ab 3.90 ± 0.03b 2.34±0.19e 14.93 ±0.22e 
3 44.76±0.95ab 3.26 ± 0.12d 1.78±0.13f 14.27±0.09f 
4 44.00±0.30b 2.70 ± 0.08f 1.56±0.15g 17.08±0.06d 
5 44.51±1.15ab 4.07 ± 0.21b 3.07±0.08c 20.40±0.07c 
6 43.35±0.62b 2.5 ± 0.22g 1.46±0.22h 21.87±0.09b 
7 44.1±1.33b 3.62 ± 0.17c 2.64±0.24d 22.01±0.21b 
8 46.34±0.93a 3.05 ± 0.11e 3.37±0.44b 24.03±0.15a 
9 46.34±0.44a 2.93 ± 0.07e 5.03±0.12a 24.14±0.04a 
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Harvesting Maturities Affecting Phenolic Compounds and 
Antioxidant Activities in ‘Sangyod Phatthalung’ Rice  

Cultivated at Upland 
 

Uraiwan Wattanakul1*,   Nopparat  Mahae1 and  Peerapong Puengyam2  
ABSTRACT 

 
This study aimed to determine the effect of harvesting maturity (35, 45 and 55 days after 

flowering) and storage times (1, 2, 4 and 6 months) of paddy on phenolic compounds and 
antioxidant activity of upland Sangyod brown rice (SBR). The results showed that harvesting 
maturity and storage time of paddy had affected on antioxidant activity by DPPH assay 
(P<0.05) except in the first month.  However, harvesting maturity and storage time of paddy 
affected to phenolic compounds and antioxidant activity by ABTS assay (P<0.05). The phenolic 
content of SBR harvested at 45 days after flowering showed the highest values at all storage 
times. In particular, at 6  months of storage, the phenolic content reached the highest level at 
36.68 mg gallic acid equivalent per gram of rice. Therefore, the results indicated that 
approximate harvested times of paddy rice was affected to increase bioactive compounds on 
these samples. As same as, the storage times of paddy rice was affected to increase bioactive 
compounds on upland Sangyod brown rice.  
 
Keywords: Harvesting maturity,  Phenolic compounds, Antioxidant Activity,  Upland  
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Introduction 
 

Thailand has a strong tradition of rice production. Rice (Oryza sativa L.) is a staple food 
for over half of the world’s population (Roy, 2011).  This is one of the main foods and sources 
of nutrition for most Thai citizens. Thailand can harvest three rice crops a year, but rice is water 
intensive: one calculation says rice requires 1,500 m3 of water per 1600 m2 cultivated area. This 
is problem when due to the drought. During rice processing, rice grains produced from rice 
milling has a high nutritive value (Saunders, 1990) such as phenolic compounds (Liu, 2003) 
and antioxidative activity (Pietta, 2000).  

Timely harvesting ensures good grain quality and high nutritional value. Harvesting too 
early will result in a higher percentage of immature grains, while,  harvesting too late will lead 
to excessive losses and increased breakage in rice. Harvest time also affects the germination 
potential of rice seed and nutrients. 

The rice quality depends on the time of harvesting as significant changes in bioactive 
compound contents occur during the grain development and maturation period (Lin and Lai, 
2011). In general,  harvesting time of rice is determined based on both, the head rice yield and 

the physicochemical and nutritional characteristics such as moisture content, protein 
content, milling suitability, and taste (Hossain et al., 2009) 

In some areas, immature rice is used for many rice products because of its nutritional 
and physicochemical properties (Lin and Lai, 2011). Evidence indicates that developing grains 
have higher contents of phytochemicals such as oryzanols, tocopherols, and phenolic 
compounds, than do fully mature grains (Chrastil, 1993). It is thus important to determine the 
changes in these physicochemical characteristics during the pre-harvest maturation period. 

The yield and quality of brown rice obtained by paddy processing determine the income 
of rice producers. The variety, soil, climate conditions, applied technology in production and 
paddy processing are the main factors that affect on yield and quality of paddy and brown rice. 
Ilieva et al. (2009) reported that the optimum time for harvest is when the moisture content in 
grain is between 18 and 20 %.  

Rice is known in a variety of colors including red, black, purple, and white. Colored 
rice has been used as food and medicine for sixty years (Katsura and Oiso, 1976). There are 
high in minerals and bioactive substances such as anthocyanin, flavonoid, phenolic compounds 
(Guerra and Jaffe, 1975). These bioactive compounds have been reported to have high potency 
as anticarcinogens agents. For example, Anthocyanins exert an inhibitory effect of cell invasion 
on various cancer cell lines (Chen et al., 2006). Anthocyanin rich extract from black rice 
(AEBR) could suppress tumor growth and angiogenesis in nude mice (Hui et al., 2010).  

In Thailand, the Sangyod red rice (Oryza sativa, L., var. indica) is one of special red 
rice, originally planted in Pattalung, a province in the South for hundred years. It has been 
proposed as the protected rice variety under the law and registered as goods  associated with 
geographical indications called Sangyod rice of Muang Pattalung since 2006(Ministry of 
Commerce, 2011). Sungyod rice has a significantly lower yield rate than other types of rice, but 
it was normally sold at a higher price more than double the price of other strains on the market. 
High content of minerals, vitamin B complex and bioactive compounds have been reported 
(Banchuen et al., 2010). In addition, the antioxidant activity of the water extract of Sangyod 
red rice were analyzed and found three times higher than that of  Dawk Mali 105, the jasmine 
white rice(Srisawat et al., 2010). The high activity was consistent with high content of phenolic 
compounds and flavonoids. The natural antioxidant activity is well known for protection against 
oxidative stress related chronic diseases (Wojcik et al., 2010). Nevertheless, there was a few 
basic information regarding the antioxidant components and properties of upland Sungyod rice 
cultivars in Thailand.  
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The object of this study was to investigate the antioxidant components and Phenolic content of upland Sangyod brown rice, which are the most commonly cultivated in Phatthalung, to provide information on bioactive compounds for upland sangyod rices.   Materials and Methods 
 
1. Preparation of Sangyod rice extracts 

‘Sangyod Phatthalung’ rice cultivated on upland area in the wet season (September –
February) at Phatthalung, Thailand (figure 1).  Water management in this field was continuous 
irrigation during the period from the beginning of planting until 25 days before the harvest. This 
experiment used organic fertilizer 2 times but not pesticides. Sangyod brown rice powders were 
prepared from paddy harvested at 35, 45, 55 days after flowering (DAF) and stored for 1, 2, 4, 
6 months, by grinding mill. Rice powder (50.0 g) was extracted with 100 ml absolute methanol 
for 24 h at room temperature. The extract was filtered through Whatman No.1 filter paper and 
the supernatant was collected. The residual rice powder was further extracted twice, with 
methanol. All the extracts were combined before evaporating under vacuum using a rotary 
evaporator. The residual crude methanolic rice extract was weighed and stored at -20 ๐C. until 
further use for bioactive compounds analysis.  
 2. Determination of total phenolic content 

Total phenolic content of upland Sangyod rices extract was measured according to Folin-Ciocalteu colorimetric method (Wolfe et al., 2003) with some modification. Rice extract was dissolved with methanol. An aliquot of rice extract (125 µl) at appropriate dilution was mixed with 500 µl of the freshly prepared Folin–Ciocalteu reagent and a further 125 µl of distilled water. The mixture was shaken for 6 min in the dark at room temperature and 1.25 ml of 7% sodium carbonate was added. The final volume was made up to 1 ml with distilled water. After 90 min of reaction at room temperature, the absorbance at 760 nm was determined by UV–vis spectrophotometer. Gallic acid was used as a standard and the total phenolic compounds were expressed as milligram gallic acid equivalents (GAE) per gram dry weight of extracts.  
3. Determination of 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity  

The DPPH radical scavenging capacity of upland Sangyod rices extract was determined 
according to the method reported by Fengiln (2004) with some modification. Brifly,  0.1 ml of 
sample was mixed with 0.9 ml of a 1 mM methanolic solution of DPPH๐. The mixture was kept 
for 30 min in the dark at room temperature. The absorbance was measured at 517 nm relative 
to the control(as 100%) using a UV–vis spectrophotometer. DPPH radical scavenging ability 
was calculated using the formula: scavenging ability (%)  

= [Absorbance517nm of control - Absorbance517nm of sample/Absorbance 517nm of control] × 100.   The scavenging activity of rice extract was expressed as 50% inhibitory concentration, IC50 (mg/ml)  
4. Determination of ABTS+ radical scavenging activity 

Total antioxidant capacity of upland Sangyod rices extracts was followed out using the 
improved 2,2-azino-bis- (3-ehylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS) 
radical cation method as described by Bao et al. (2005) with some modification. Brifly,  ABTS+ 
solution (1 mL,absorbance of 0.700) was added to 0.5 mL of the extracts and mixed thoroughly. 
The mixture was kept at room temperature for 5 min and the absorbance was immediately 
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recorded at 734 nm. Trolox standard solution was assayed under the same conditions. ABTS 
radical-scavenging ability was calculated by using the formula: scavenging ability (%)  

= [Absorbance734nm of control – Absorbance734nm of sample/Absorbance 734nm of control] × 100.  The scavenging activity of rice extract was expressed as 50% inhibitory concentration, IC50 (mg/ml)  5. Statistical analysis 
The experimental data were statistical analyzed using SPSS Program.  The data of three 

replicate experiments  were expressed as mean + standard deviation (SD) (n = 3). Duncan’s 
multiple  range test was use to compare means at probability level of 0.05.  
 Results and Discussions  
 

The total phenolic content of upland Sangyod rice extracts in the first month, as 
determined by the Folin–Ciocalteu reagent, ranged from 2.93 to 9.86 mg GAE/g rice  (Table 
1). The harvesting time (35, 45 and 55 days after flowering) had an effect on the total phenolic 
content of Sangyod brown rice.  The harvesting time at 45 days after flowering had the highest 
total phenolic content (9.86 mg GAE /g rice), while the lowest content was found at 35  days 
after flowering (p<0.05). ABTS scavenging activity of rice extracts was highest at 45- 55 days 
after flowering , showing IC5 0  of  0 . 1 9- 0 . 2 0  mg/ml. On the other hand, the harvesting time 
showed no effect on DPPH scavenging activity of Sangyod paddy stored for 1 month. As shown 
in table 1, IC5 0 , was between 0.31-0.65 mg/ml. By DPPH assay, differences in antioxidant 
activity of all the varieties were not significant while by ABTS+ significant differences in 
scavenging activity were observed. Similarly, antioxidant activity and total phenolic 
compounds (table 1) exhibited similar variations. Similar results were obtained by other 
researchers; Iqbal et al. (2005) found that the phenolic compounds may contribute directly to 
antioxidative action. 

The total phenolic compounds in this study were similar to those of rice reported  by 
Shen et al. (2009)  have reported that  the whole rice grain had phenolic contents ranging from 
108.1 to 1244.9 mg GAE/100 g, depending on the color of grain (Choi et al., 2007) Goffman 
and Bergman (2004) reported that the phenolic contents in the white, red and purple rice ranged 
from 25 to 246, 34 to 424, 69 to 535 mg GAE/100 g, which was a little lower than this study 

 

                            
Figure 1  (Left) upland Sangyod rices (Right) paddy harvested at 35, 45, 55 DAF 
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Table 1  IC50 value (mg/ml) of DPPH and ABTS assay for radical scavenging activity and  
   total phenolic content of  rice extract at 1 month storage time  

 
harvesting maturity 

of SBR 
 (day) 

DPPH free 
radical-

scavenging 
(mg/ml) 

ABTS free 
radical-

scavenging 
(mg/ml) 

Total phenolic 
content (mg GAE / 

g sample) 

35 0.58±0.10 ns 0.30±0.04b 2.93±0.29c 
45 0.38±0.13 ns 0.19±0.01a 9.86±1.70a 
55 0.65±0.21 ns 0.20±0.01a 7.28±1.32b 
    

Results represent means + SD (n = 3). In each column, different letters mean significant differences 
(p< 0.05). 
 The bioactive compound; the scavenging activity of methanolic rices extracts from 
Sangyod paddy with stored for two months was determined by DPPH and ABTS+ assays as 
shown in table 2. The phenolic compound contents  of  upland Sangyod rice extracts in the 
second months, ranked the samples in descending order, as follows: 4 5  days, 35 days and 55 
days  after flowering, the values of which were 12.43,  8.68  and 8.40 mg GAE/g rice, 
respectively. The highest was observed for harvesting time at 45 days after flowering. The total 
phenolic content was not significantly different between harvesting time at 35 days and 55 days 
(p> 0.05). This study was two times higher than the other studies, where phenolic compounds 
exhibiting effective antioxidant properties were found in washed water extract of Sangyod 
brown rice was 6.75 mg GAE/g of the extracts (Ratanavalachai et al., 2012).  

Maximum scavenging activity was observed for the harvesting time of 45 days after 
flowering, followed by 35 and 55 days, respectively. The ABTS assay was not significantly 
different between 35 and 45 days after flowering (p>0.05). The shown IC50 was 0.07, 0.06 and 
0.32 mg/ml  for harvesting time 35,  45 and 55 days after flowering, respectively. While, the 
highest DPPH scavenging activity was found in 45 days (0.29 mg/ml) and the lowest activity 
was in 55 days (0.65 mg/ml) (p< 0.05). 
 
Table  2  IC50 value (mg/ml) of DPPH and ABTS assay for radical scavenging activity and  

    total phenolic content of  rice extract at 2 month storage time 
 

harvesting maturity 
of SBR 
 (day) 

DPPH free 
radical-

scavenging 
(mg/ml) 

ABTS free 
radical-

scavenging 
(mg/ml) 

Total phenolic 
content (mg GAE / 

g sample) 
35 0.35±0.01 b 0.07±0.02a 8.68±1.39b 
45 0.29±0.01 a 0.06±0.01a 12.43±1.06a 
55 0.65±0.02 c 0.32±0.01b 8.40±1.17b 

Results represent means + SD (n = 3). In each column, different letters mean significant differences 
(p< 0.05).  
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Table 3    IC50 value (mg/ml) of DPPH and ABTS assay for radical scavenging activity and  
     total phenolic content of  rice extract at 4 month storage time 

 
harvesting maturity 

of SBR 
 (day) 

DPPH free 
radical-

scavenging 
(mg/ml) 

ABTS free 
radical-

scavenging 
(mg/ml) 

Total phenolic 
content (mg GAE / 

g sample) 
35 0.39±0.08 a 0.24±0.03b 11.52±0.65b 
45 0.49±0.18 a 0.32±0.005c 21.36±1.87a 
55 0.74±0.07 b 0.17±0.03a 18.41±3.07a 

Results represent means + SD (n = 3). In each column, different letters mean significant differences (p< 0.05).  
The total phenolic content of upland Sangyod rice extracts in the fouth month of storage 

ranged from 11.52 to 21.36 mg GAE/g rice  (Table 3). It was found that the harvesting time 
affected the total phenolic content. The lower level of total phenolics ws obtained from  
harvesting time at 35 days, while phenolic compounds were produced higher at 45 and 55 days 
after flowering. IC50 value of DPPH assay of  Sangyod rice extracts was highest at harvesting 
time at 35and 45 days after flowering (0.39-0.49 mg/ml) and the lowest value was at 55 days 
(0.74 mg/ml) (p<0.05). The harvesting time also had significant effect on ABTS antioxidant 
activity of Sangyod paddy stored at 4 month. The highest ABTS scavenging activity was found 
in paddy harvested at 55  days after flowering (0.17 mg/ml) followed by 3 5  and 45  days, 
respectively. The result were lower than the values reported by Shen et al. (2009) found that 
total phenolic content ranged from 108.1 to 1,244.9 mg GAE/100 g, with the lower values 
coming from the white rice, while the higher values were from red and black rice. 

In the sixth month of this experiment.  The results showed that harvesting maturity of 
paddy had no effect on antioxidant activity by ABTS assay (P>0.05).  Showing IC50 of 0.16  - 
0.23 mg/ml (Table 4). On the other way,  harvesting maturity and storage time of paddy affected 
to total phenolic content and antioxidant activity by DPPH assay (P<0 . 0 5 ) .  The highest total 
phenolic compound was from 45 days after flowering (36.68 mg GAE/ g rice). The harvesting 
time at 35 and 55 days after flowering  had lower phenolic  content  (21.95  and 22.01 mg 
GAE/g rice, respectively). As the same results was obtained by Goffman and Bergman 
(2004) reported mean concentrations of 69, 213 and 274 mg GAE 100 g−1 for light brown, red 
and black pericarp color rice grains, respectively. The whole rice grain had phenolic contents 
depending on the color of grain (Goffman and Bergman, 2004; Choi et al., 2007).  The highest 
DPPH  scavenging activity  was observed for rice harvested at 45 days after flowering with IC50 of 0.40 mg/ml, followed by 35 days  and 55 days after flowering, respectively.  By ABTS assay, 
differences in antioxidant activity of all were not significant while by DPPH assay, there was a 
significant difference. According to Awika et al. (2003) the superiority of the ABTS assay over 
DPPH, is because of operable over a wide range of pH, inexpensive and more rapid than that 
of the DPPH assay.  

This research indicated that  the harvesting time and storages time affected to the total 
phenolic content and antioxidant activity in upland Sangyod brown rice. The total phenolic 
contents of this experiment were higher than the values reported by Srisawat et al. (2010) 
reported that the total phenolic content of the washed water extract of brown rice and the water-
soluble extract of rice bran from Dawk Mali 105 and Sangyod were in the range of 228.10-
753.48 μg GAE/g rice extract . The content of phenolic compounds was the highest in the water-
soluble extract of Sangyod rice. 
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Table 4   IC50 value (mg/ml) of DPPH and ABTS assay for radical scavenging activity and  
    total phenolic content of  rice extract at 6 month storage time 

 
harvesting maturity 

of SBR 
 (day) 

DPPH free 
radical-

scavenging 
(mg/ml) 

ABTS free 
radical-

scavenging 
(mg/ml) 

Total phenolic 
content (mg GAE / 

g sample) 
35 0.43±0.2ab 0.16±0.00ns 21.95±1.69b 
45 0.39±0.02a 0.19±0.02ns 36.68±2.75a 
55 0.64±0.05b 0.23±0.10ns 22.01±4.36b 

Results represent means + SD (n = 3). In each column, different letters mean significant differences 
(p< 0.05)  Conclusion  
 

In conclusion, harvesting maturity and storage times had a significant effect on the 
antioxidant properties and total phenolics content,  Brown rice is a potent source of antioxidants  
suggesting its use in nutraceuticals and functional food industries.  The phenolic content could 
be indirectly predicted by appropriate harvesting period.  Their relationships with cultivated 
area, harvesting times and storage times of paddy can be used as a guideline for preservation 
and processing of rice at the appropriate time to maintain the value of the bioactive compound.  
The results from Sangyod rice could lead to understand more the upland rice cultivation. For 
harvesting maturity time of 45 days after flowering and paddy storage 6 month gave highest the 
antioxidant properties and total phenolics content in upland Sangyod brown rices. 
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Substitution of Soybean Meal with Fermented Palm Kernel Meal 
in Diet of Sex Reversed Red Tilapia  

(Oreochromis niloticus × O. mossambicus) 
 

Wattana Wattanakul 1*, Uraiwan Wattanakul 1 and Jesada Ishaak 2  ABSTRACT 
 

The solid state fermentation of palm kernel meal (PKM) by effective microorganisms 
(EM) improved the nutritive values of PKM. Substitution of soybean meal (SBM) with 
fermented PKM (FPKM) as protein source was investigated for its effects in sex reversed red 
tilapia (Oreochromis niloticus × O. mossambicus). The two month old fish (14.85 ± 0.28 g 
initial weight) were randomly stocked into 20 cement ponds (1 m x 2 m x 0.6 m) at 40 fish/pond. 
The fish were fed by SBM based diets with replacement by FPKM at 25% (25FPKM), 50% 
(50FPKM), 75% (75FPKM) and 100% (100FPKM), while an FPKM free diet (0FPKM) was 
used as control. All these diets contained 30% protein. Four replicate experiments were 
conducted in a recirculating system for 6 months. At the end of the feeding trial, fish fed with 
the 50FPKM diet were superior in growth performance and feed utilization parameters (FCR 
and PER) (P<0.05). No differences in carcass composition and no negative effects on 
hematological parameters at the 50% replacement level of SBM by FPKM also supports this 
alternative. Findings from the current study could be applied in a low-cost FPKM-containing 
diet for tilapia, and they suggest the potential feedstuff use of FPKM also with other aquatic 
animals.  
Keywords: Palm kernel meal, Effective microorganisms, Carcass, Feed utilization,   
                   Red Tilapia (Oreochromis Niloticus × O. Mossambicus).   
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Introduction  
Nile Tilapia (Oreochromis niloticus) is a fish known worldwide because it’s an 

economically important fish species that is widely cultured around the world (FAO, 2012). The 
production of tilapia (all species) increased from 1.5 million tonnes in 2003 to 2.5 million 
tonnes in 2010, with the sales value exceeding 5 billion USD (FAO, 2016). Red Tilapia (O. 
niloticus × O. mossambicus) is a fish improved from the breeding of tilapia. It is popular due to 
its attractive color and good taste, increasing its marketability. Similar to other economic fish 
species, the cost of producing the pellet diets is continuously increasing, and strongly depends 
on cost of the protein ingredients (El-Saidy and Gaber, 2003). Generally, the efficiency of 
various protein sources from plant by-products, as lower cost alternatives to replace fish meal, 
has been evaluated in fish diets as has been the replacement of fish meal by low-cost animal 
by-products (Wattanakul et al., 2017). 

Soybean meal (SBM) is the main plant protein in practical fish feed production. This 
feedstuff is moderately rich in protein, produced in great quantities, reasonably priced, and has 
relatively well-balanced amino acid profile among the plant by-product meals (Lim and Lee, 
2009). High price and presence of anti-nutritional compounds (including goitrin, 
phytohemagglutinins, lectins, non-starch polysaccharides, phytate, phytoestrogens, protein 
antigens, saponins and trypsin inhibitor) are disadvantages of this plant by-product in aquafeed 
production (Drew et al., 2007). Therefore, the replacement of SBM by low-cost plant protein 
sources is worth considering in the aquaculture sector.  

Palm kernel meal (PKM), a by-product from palm oil production, is mainly produced 
in South-East Asian and African countries.  This feedstuff is generally used in feeds for 
terrestrial animals (Saenphoom et al., 2013) and as a component in fish feed formulations 
(Thongprajukaew et al., 2015). Poor usability in aquafeed is due to the large amount of cell 
wall constituents, low protein content, and amino acid deficiencies (Ng et al., 2002; Ng and 
Chen, 2002). Biological pretreatment of the PKM for improving its nutritive value appears to 
have potential, by enzyme supplementation and fermentation by cellulolytic or cocktail 
enzymes (Saenphoom et al., 2013).  

Effective microorganisms (EMs) are various blends of common predominantly 
anaerobic microorganisms, probably including lactic acid bacteria (LAB), photosynthetic 
bacteria, yeast, and naturally beneficial microorganisms. Worldwide the EM support 
sustainable practices in farming, composting, and mitigation of environmental pollution. In 
animal nutrition research, EMs have been applied to benefit economic terrestrial and aquatic 
animals. Therefore, the aim of this study was to investigate the effects of partial or full 
replacement of SBM protein by fermented PKM (FPKM) in the diet of sex reversed red tilapia. 
Findings from the current study may support the use of PKM in aquafeed production, providing 
a low-cost diet for tilapia farming and other aquatic animals.  
 Materials and Methods 
 
Preparation of FPKM and the experimental diets 

The PKM was obtained from a palm oil industry in Sikao District, Trang and the other 
feedstuffs were purchased from Phatthalung Livestock CO., LTD, Phatthalung, Thailand. This 
by-product was fermented with activated effective microorganisms (EM-Plus, Microbe for 
Life, Bangkok, Thailand) that contain photosynthetic bacteria, LAB, nitrogen fixing bacteria, 
yeast and bacillus. The solid-state fermentation was performed by mixing PKM with liquid EM 
(5% v/w), molasses (5% v/w), and then adding water (5% v/w). These mixtures were packed in 
polyethylene bags, sealed and incubated for 30 days in dark at ambient temperatures (30–31oC). 
The protein from SBM was replaced by FPKM at 25% (25FPKM), 50% (50FPKM), 75% 



Proceedings of the 9th Rajamangala University of Technology International Conference   318  
 

RMUT Driving Innovation for Thailand 4.0  

(75FPKM) and 100% (100FPKM), while an FPKM free diet (0FPKM) was used as the control. 
The solid feedstuff ingredients (fish meal, SBM, FPKM, corn meal, broken rice, and rice bran) 
were mixed together for 10 min, followed by adding soybean oil, fish oil, and vitamin-mineral 
premixes. Thirty percent water was then added. The glutinous mixture was passed through a 
meat mincer (4–6 mm sized hole), dried at 60°C for 24 h and then kept in polyethylene bags at 
4°C until feeding. 

 
Determination of diet proximate composition 

All experimental diets were analyzed for moisture, crude protein (CP), crude lipid, crude 
ash and crude fiber, according to standard methods of AOAC (2005). All the analyses were 
performed in triplicates and are reported in g kg–1 as fed. Nitrogen free extract (NFE, g kg–1) 
and gross energy (GE, kcal kg–1) were calculated from 1,000 – (CP + crude lipid + crude ash + 
crude fiber) and (CP × 5.6) + (crude lipid × 9.44) + (crude fiber × 4.1) + (NFE × 4.1), 
respectively. All the chemical analyses were performed in duplicates and are reported on % as 
fed basis. 
 
Fish preparation and feeding trial  

The two month old sex reversed red tilapia were obtained from Phatthalung Inland 
Fisheries Research and Development Center, Phatthalung, Thailand. The fish were acclimatized 
in cement pond (1 m × 4 m × 1 m) for 10 days. They were fed to satiation with the control diet 
(0FPKM) at 08.00 and 16.00 h daily. Subsequently, forty fish with similar weight (14.85 ± 0.28 
g initial weight) were randomly distributed into each cement pond (1 m × 2 m × 0.6 m) with 40 
cm water depth. There were five treatments with four replicates each. The experiment was 
conducted for 6 months. The fish were fed with the experimental diets at 10% of body weight 
(BW) per day, and the feed amount was adjusted weekly according to the actual feeding 
performance. The feed conversion ratio (FCR), and the protein efficiency ratio (PER). The 
measured growth (body weight) and the feed utilization were summarized monthly. At the end 
of the experiment, all the fish were starved for 24 h, anesthetized by quinadine and then body 
weight were measured for every fish. Samples of fish fillets and blood were collected from 
three fish in each replicate (n = 12 per treatment). Growth performance and feed utilization 
characteristics were calculated as follows:  

 
Survival (%) = 100 × [Final fish number/initial fish number] 
Specific growth rate (SGR, % day–1) = 100 × [(ln Wt – ln W0)/(t – t0)]              Weight gain (WG, %) = 100 × [(Wt – W0)/W0] Average daily gain (ADG, g day–1) = (Wt – W0)/t where  Wt = mean weight (g) at day t,  

W0 = mean weight (g) at day t0. t = feeding duration (day) Feed conversion ratio (FCR, g feed g gain–1) = Dry feed consumed (g)/wet weight gain (g) 
Protein efficiency ratio (PER, g gain g protein–1) = Wet weight gain (g)/protein intake (g) 
 
Determination of water quality 

Recirculating aquaculture system was used throughout the experiment and the quality 
of water was measured every other week. Overall the water quality parameters during the 
experiment were in the ranges 28.86 ± 0.28oC, pH 7.80 ± 0.04, 6.05 ± 0.21 mg L–1 dissolved 
oxygen, 99.23 ± 1.85 mg L–1 alkalinity, 0.57 ± 0.05 mg L–1 ammonia, and 0.67 ± 0.04 mg L–1 
nitrite. 
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Carcass composition analysis and hematological determinations 
Fish fillets were minced and analyzed for moisture, crude protein, crude lipid and crude 

ash, according to standard methods of AOAC (2005). Blood samples were collected from the 
caudal vessel after anesthetizing with 2-phenoxyethanol. Heparinized blood samples were used 
for analysis of hematological parameters. Plasma protein was determined according to Lowry 
et al. (1951). Red (RBC) and white (WBC) blood cells were counted from diluted samples, as 
described by Blaxhall and Daisley (1973). Hemoglobin (Hb) and hematocrit (Hct) were 
determined according to the method of Larsen and Snieszko (1961).  
 
Statistical analysis  

All the data were analyzed using SPSS program and are expressed as mean ± standard 
error of mean (SEM). Variables that are percentages were subjected to arcsine transformation. 
Duncan’s multiple range test was used to compare for significant differences between 
treatments at P < 0.05 in all statistical analyses.  
 Results and Discussion  
 
Chemical compositions of PKM and FPKM, and the experimental diets 
 Fermentation of PKM with EM significantly improved the amount of crude protein 
(20.79%) and NFE (40.07%) while crude lipid (15.65%), crude fiber (36.45%) and ash 
(29.53%) were decreased (Table 1). GE was similar between PKM and FPKM. All the 
experimental diets were mutually isonitrogenous and isolipidic (Table 2).  
 
Table 1 Proximate chemical compositions (% of dry weight) of PKM and FPKM. The data 

given are means from duplicate analysis. 
 

Composition PKM FPKM % Change 
Crude protein (%) 13.13 15.86 20.79 
Crude lipid (%) 9.14 7.71 -15.65 
Crude fiber (%) 38.74 24.62 -36.45 
Ash (%) 4.03 2.84 -29.53 
NFE (%) 34.96 48.97 40.07 
GE (kcal kg–1) 4,620 4,633 0.28 

PKM, palm kernel meal; FPKM, fermented palm kernel meal; NFE, nitrogen free extract; GE, 
gross energy. 
 Fermentation of plant by-products with beneficial microorganisms has been adopted to 
improve the nutritional quality of feedstuffs by the action of enzymes from bacteria, yeasts and 
molds. Increased protein in FPKM in the current study could be due to the secretion of enzymes 
or to the release of bound proteins by breakdown of protein complexes (Lohlum et al., 2014), 
attributed to bacterial growth and proliferation. In PKM, increased protein content and 
improved quality in terms of the amino acid profile have also been observed when fermented 
with Trichoderma Reesei (Cheah et al., 1989). The cell wall constituents and non-starch 
polysaccharides (NSP) contribute 73% and 75% of raw PKM, respectively (Dusterhoft and 
Voragen, 1991). Significantly decreased crude fiber was not surprising since the EM contained 
cellulolytic microorganisms providing high cellulase activity (Halliwell et al., 1985). 
Fluctuation in the amount of this indigestible element can increase the digestible carbohydrates, 
NFE. Fermentation of a medicinal plant with Lactobacillus plantarum and Saccharomyces 
cerevisiae can reduce the amount of saturated fatty acids (Ahmed et al.,2016). Decreased lipid 
content in the current study is possible since the fatty acids in PKM are mainly in saturated 
forms.  
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Survival, growth and feed consumption 
 No differences in survival (90.50% on average) were observed across the five dietary 
treatments (P>0.05, Table 3). Fish fed 50FPKM were superior in final body weight, Feed 
utilization parameters (FCR and PER), were significantly different to those with the other 
treatments (P<0.05).  

Various alternative protein source meals from plant by-products have been evaluated in 
fish diets as dietary replacement for SBM. The replacement of SBM by cottonseed meal was 
optimal at 60% in the diet for the hybrid tilapia, O. Niloticus × O. Aurous (Yue and Zhou, 2008). 
Thirty percent replacement of SBM by rubber seed meal was also suitable for the same species 
(Deng et al., 2015), similar to the 24% replacement by faba beans in O. niloticus diet (Azaza et 
al., 2009), while 50% replacement level was suitable by cottonseed meal in diets for channel 
catfish, Ictalurus Puctatus (Barros et al., 2002). In the current study, sex reversed red tilapia 
fed with 50FPKM diet was superior in growth performance, While SGR, FCR and PER of 
50FPKM treatment are significantly different with 100FPKM. Higher replacement levels than 
the optimal level tend to give poorer growth and feed utilization in several fish. 
 
Table 2 Formulations and proximate compositions of experimental diets containing varying 
              levels of FPKM. 
 
Item 0FPKM 25FPKM 50FPKM 75FPKM 100FPKM 
Ingredient (%)      
Fish meal 26.9 30.8 34.8 38.8 42.7 
SBM 25.0 18.8 12.5 6.2 – 
FPKM – 6.2 12.5 18.8 25.0 
Corn meal 15.9 14.2 12.5 10.8 9.1 
Broken rice 12.7 11.4 10.0 8.6 7.3 
Rice bran 8.5 7.6 6.7 5.8 4.9 
Fish oil 2 2 2 2 2 
Soybean oil 2 2 2 2 2 
Alfa starch 4 4 4 4 4 
Vitamin-mineral premixa 3 3 3 3 3 
Proximate composition (% fed 
basis)      
Moisture 5.84 5.96 5.81 5.90 5.91 
Crude protein 30.63 29.87 30.61 30.22 30.05 
Crude lipid 10.13 10.90 10.11 9.54 9.50 
Crude ash 13.28 14.50 15.37 17.22 18.78 
Crude fiber 7.28 7.47 7.82 8.03 8.98 
NFE 32.84 31.30 30.28 29.09 26.78 
GE (kcal kg–1) 4,316 4,291 4,231 4,115 4,046 

 
SBM, soybean meal; FPKM, fermented palm kernel meal; NFE, nitrogen free extract; GE, gross 
energy. 

a Vitamin-mineral premix, 1 kg contained 1,000 U vitamin A, 250 U vitamin D3, 5 U vitamin E, 
2,000 mg vitamin B1, 800 mg vitamin B2, 2,000 mg vitamin B6, 1 mg vitamin B12, 10,000 mg 
vitamin C, 300 mg pantothenic acid, 5,000 mg nicotinic acid, 200 mg folic acid, 2 mg biotin, 
500 mg iron, 7,000 mg zinc, 2 mg biotin, 800 mg manganese, 10 mg selenium, 15,000 mg 
lysine, 3,000 mg methionine. 
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Carcass composition and hematological parameters 
           There were no significant differences in carcass moisture, crude protein, crude lipid and 
ash across the five dietary treatments at the end of experiment (Table 4). WBC was 
comparatively high in the fish fed with diets replacing at least 50% of SBM by FPKM, 
relative to the other treatment groups (Table 5). Except for the above parameters, the other 
hematological assays were very similar across the five dietary treatments. Three hematological 
parameters of the overall items were affected by the replacement of SBM with FPKM. At least 
50% replacement can significantly increase WBC. Our results are in agreement with those from 
replacing SBM with 10–30% rubber seed meal in the diet of Labeo rohita fingerlings (Sharma 
et al., 2014), or replacement with 15–30% cottonseed meal in the diet of hybrid tilapia (Yue 
and Zhou, 2008). Plasma protein also increased in a replacement level dependent manner. 
Fermentation by the EM might provide easily digested protein to the feed, or a high amount of 
fish meal can enhance protein digestibility (Hong et al., 2004).  
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Table 3 Survival, growth performance and feed utilization of sex reversed red tilapia fed with experimental diets containing varying levels of 

FPKM for 6 months. 
 

Parameter OFPKM 25FPKM 50FPKM 75FPKM 100FPKM P-value 
Survival (%) 90.63 ±3.15 89.38 ± 2.39 92.50 ± 2.88 90.00 ± 3.40 90.00 ± 2.04 0.930 
Average initial weight (g) 14.66 ± 0.37 15.13 ± 1.23 14.60 ± 0.60 15.05 ± 0.25 14.81 ± 0.56 0.975 
Average final weight (g) 208.41 ± 5.62ab 215.99 ±4.28a 218.97 ± 3.29a 203.44 ± 5.77ab 187.73 ± 4.67b 0.025 
SGR (% BW day–1) 1.47 ± 0.08ab 1.48 ± 0.10a 1.51 ± 0.03a 1.45 ± 0.03ab 1.41 ± 0.03b 0.015 
WG (% BW) 1328.65 ± 86.18 1357.06 ± 69.07 1403.83 ± 77.20 1254.05 ± 76.14 1171.42 ± 73.94 0.093 
ADG (g day–1) 1.07 ± 0.04ab 1.12 ± 0.02a 1.14 ± 0.06a 1.04 ± 0.03ab 0.96 ± 0.04b 0.010 
FCR (g feed g gain–1) 2.18 ± 0.12bc 2.15 ± 0.18bc 1.95 ± 0.08ab 2.21 ± 0.09bc 2.40 ± 0.16c < 0.001 
PER (g gain g protein–1) 1.53 ± 0.02ab 1.54 ± 0.11ab 1.69 ± 0.06a 1.51 ± 0.08ab 1.41 ± 0.09b < 0.001 

 
FPKM, fermented palm kernel meal; SGR, specific growth rate; WG, weight gain; ADG, Average daily gain;  
FCR, feed conversion ratio;  PER, protein efficiency ratio. 

     Data are expressed as mean ± SEM of all fish in four replications. 
     Significant differences in each row are indicated by different superscripts (P < 0.05). 
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Table 4 Fish fillet composition (% of wet weight basis) of sex reversed red tilapia fed with experimental diets containing varying levels of 
FPKM for 6 months. 

 
Composition (%) 0FPKM 25FPKM 50FPKM 75FPKM 100FPKM P-value 
Moisture 66.94 ± 0.63 67.35 ± 0.56 68.01 ± 0.75 68.43 ± 0.56 67.06 ± 0.67 0.723 
Crude protein 20.04 ± 0.61 20.03 ± 0.45 20.53 ± 0.87 19.86 ± 0.65 18.72 ± 0.73 0.454 
Crude lipid 5.94 ± 0.52 6.01 ± 0.58 6.20 ± 0.60 5.66 ± 0.49 5.71 ± 0.68 0.546 
Ash 3.33 ± 0.49 3.65 ± 0.63 3.16 ± 0.50 3.54 ± 0.76 3.70 ± 0.45  0.682 

 
FPKM, fermented palm kernel meal. 

     Data are expressed as mean ± SEM (n = 12). 
      

 
Table 5 Hematological parameters of sex reversed red tilapia fed with experimental diets containing varying levels of FPKM for 6 months.  

Hematological parameter 0FPKM 25FPKM 50FPKM 75FPKM 100FPKM P-value 
RBC (×106 cells μL−1) 2.33 ± 0.03 2.05 ± 0.10 2.14 ± 0.04 2.01 ± 0.05 2.11 ± 0.12 0.602 
WBC (×104 cells μL−1) 49.02 ± 3.11b 39.87 ± 4.05b 56.10 ± 4.26a 52.56 ± 5.38a 58.43 ± 4.56a 0.001 
Hb (g dL−1) 8.73 ± 0.16 7.60 ± 0.58 7.98 ± 0.37 8.02 ± 0.52 7.64 ± 0.37 0.535 
Hematocrit (%) 33.23 ± 0.71 30.63 ± 0.58 32.22 ± 0.87 31.20 ± 0.51 30.24 ± 0.91 0.579 
Plasma protein (g %) 2.14 ± 0.04 2.01 ± 0.11 2.32 ± 0.18 2.20 ± 0.16 2.06 ± 0.15 0.735 

 
FPKM, fermented palm kernel meal; RBC, red blood cells; WBC, white blood cells; Hb, hemoglobin  
Data are expressed as mean ± SEM (n = 12). 

     Significant differences in each row are indicated by different superscripts (P < 0.05)
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 Conclusion    
       

The nutritive value of PKM was significantly improved by solid state fermentation with 
EM. This pretreated feedstuff could be used to replace SBM at 50%, as indicated by superior 
growth performance and maintained feed utilization, while no negative effects on carcass 
composition, hematological parameters. Therefore, the results overall support a low-cost FPKM-
containing diet as suitable for tilapia production. The findings of this research should be useful 
for fish farmers, especially in the Southern part of Thailand where there is plenty of palm-oil 
kernel. 
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Gamat (Stichopushorrens) Pickling with Different Sugar Media 
and Addition into Rice Porridge 

 
Chutinut Sujarit1*, and Luksamee Vittaya2 

 
ABSTRACT 

 
This study aimed to examine the effect of sugar pickling on the chemical characteristics 

of Gamat (Stichopushorrens) and to apply the pickled gamat as a food ingredient in instant rice 
porridge. Dried gamat was composed of 7.79%, 2.15%, 30.06% and 11.04% of protein, fat, ash 
and water, respectively. The amino acids present in the highest proportions were glycine and 
glutamic acid, at 8.63% and 7.85% by weight, respectively. Fresh gamat was pickled for three 
months in three sugar media namely, bee honey, palm syrup and sugar cane syrup. The results 
showed that bee honey was the best sugar source; post-pickled gamat became more transparent 
and the total sugar content in the pickled product was 61% w/w. The chemical composition by 
weight of pickled gamat that had used bee honey as the sugar source was 37.76%, 2.53%, 12.61% 
and 0.44% of water, ash, protein and fat, respectively. Honey-pickled gamat was applied as an 
ingredient in brown-rice porridge. The Formula II, containing 6% of dried pickled gamat, had 
the highest score for acceptance according to the 9-point hedonic scale, conducted on 30 
customers, and the total score was significantly higher than the other formulas, at the statistical 
significance of P≤0.05. Regarding to the acceptance score, Formula II earned the sensory score 
of “like very much”. 
 
Keywords: Sea cucumber, Sugar-pickling, Rice porridge 
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Introduction 
 

Gamat is a common name for the golden sea cucumber (Stichopushorrens Selenka, 1867), 
a marine invertebrate of the phylum Echinodermata. Other members of this phylum include sea 
star, feather star and sea urchin. Gamat is commonly found in deep seas across the coasts of the 
Andaman Sea in Malaysia and the Thai provinces of Phuket, Krabi, Trang, and Satun. Apart 
from the 70-89% of water content, the flesh of gamat consists of 10-12% protein and 0.002-
0.04% fat, along with several natural chemicals including chondroitin sulfuric acid, a type of 
mucoprotein which promotes muscular function, and holotoxin (or holothurin), a biochemical 
which has been traditionally used for its antifungal and anticancer properties (Somchun, 2012). 
Gamat flesh is widely accepted as a folk remedy by Chinese traditional medicine 
(Sangjindawong, 1980). However, the flesh of gamat harbors several kinds of micro-organisms, 
leading to rapidly flesh decay after taken out of the water (Palomares and Pauly, 2017). Boiling 
is not recommended preservation for gamat flesh due to the texture damage and flesh loss (Li, 
2004). Preferably, gamat is preserved in bee honey or distilled spirits after removing of the 
internal organs through incision on the ventral site (Li, 2004). Cured gamat products are 
renowned for their medical properties such as reducing the symptoms of aging-associated 
diseases, diabetes, paralysis, wound healing and anti-hypertension (Bussarawich and 
Thongthaem, 2000; Forghani et al., 2012). In addition, gamat flesh has been utilized in a number 
of folk medicine traditions as an ingredient in several foods and remedies. However, there has 
been little scientific study on the use of gamat. 

According to the folk medicine traditions, the method of preparation and pickling in this 
experiment is suitable for prolonging gamat shelf life; the products were remained suitable as a 
food or remedy for aches, stiffness and fatigue. Dried gamat was initially prepared by washing 
in filtrated sea water, and incisions were made to remove the innards. However, according to the 
method proposed by Xing et al. (2012), sea cucumber was rewashed in sea water before being 
boiled in clean water. The boiled sea cucumber was roasted with a charcoal grill until it was 
completely dried. Regarding to the local traders who sell sea cumber to Chinese buyers, dried 
sea cucumber can be stored for as long as one year. After drying on the charcoal grill, the sea 
cucumber required sun drying. By this series of methods, the sea cucumber was shrunk. Its 
weight was reduced to one tenth of its original weight, which contradicted the results reported 
by Li (2004). The fresh weight to dry weight ratio ranged from 27:1 to 20:1. The dried sea 
cucumber was rather sticky and had a marine scent. 

 It would be useful to examine the change on chemical characteristics of gamat during 
preservation and use the preserved gamat as a food ingredient.   Materials and Methods  

Gamats were collected from Ko Poo, Ko Si Boya Subdistrict, Nuea Khlong District, Krabi 
Province. The body of gamat was 16 cm. and weighed 149 g. by average. 

Based on the traditional practice, harvested gamats were thoroughly washed with filtrated 
sea water, and then the internal organs were removed. The body was sliced into pieces of 2x4 
cm, for further used in the next experiment.  

The dried samples were sent to the Central Laboratory (Thailand) in Hat Yai District, 
Songkla Province, for examination of essential nutrient content based on the full nutrition 
information required by the Food and Drug Administration (FDA), including protein, fat, 
calcium, cholesterol, and vitamin A, B1 and B2. Amino acid analysis was conducted in the 
Central Instrument Facility (CIF), Faculty of Science, Mahidol University.  
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Gamat pickling in different sugar media 
The sliced gamat fresh (110 g) was put in a glass jar (25 x 10 x 10 cm) and was immersed 

in 200 ml of sugar medium at room temperature for three month (Li, 2004). 
After three months of pickling, the total sugar, in gamat sample, was measured and the 

gamat texture was evaluated as well. The pickled gamat with the highest sugar content was 
selected for further experiment. 

The experiment was conducted using Completely Randomized Design (CRD). Data were 
tested by one way analysis of variance (ANOVA) and means were compared using Duncans 
Multiple Range Test (DMRT). 
 
Gamat utilization as food ingredient 

Gamat sample chosen from the result of the best sugar medium was utilized as food 
addition of instance rice porridge. Before utilization, the gamat was dried in 60oC for 24 hr and 
then was further sliced into cubes of 0.5x0.5x0.5 cm. 

The instant rice porridge was prepared according to the method of Rueangthip (2001). 
Basic ingredients of rice porridge comprised of 300 g rice, 50 g dried green onion leaf, 70 g dried 
carrot and 70 g dried ginger. Dried gamat was added to the rice porridge at the rate of 3, 6 and 9 
gram which were designed as the formula I, II and III, respectively. 

Two main ingredients, rice and vegetable, were prepared separately. Rice was washed 2-3 
times and soaked in water for two hours. The fully-saturated rice was rewashed 2-3 times and 
boiled into porridge. The water was drained from the porridge through a sieve and the porridge 
was evenly spread on a tray and frozen at -25 oC for two hours. The frozen porridge was thawed 
at room temperature, re-spread, baked in a hot air oven at 90 oC for nine hours and ground into 
powder. Fresh onion leaf, carrot, and ginger were cleaned and sliced into 0.3 cm length pieces. 
Each vegetable was boiled for 1 min, immediately cooled down and drained on a sieve. The 
vegetables were spread on a tray, frozen at -20 oC for two hours and baked in a hot air oven at 
90 oC for three hours. 

The porridge was prepared by adding 150 ml water to premixed instance rice (1:5 w/v). 
To ensure uniform dispersion, the mixtures were thoroughly stirring for 5-10 min was required. 

The sensory analysis was evaluated using the “9-Point hedonic scale” basis, based on 
color, appearance, odor, taste, and texture. Thirty well-trained panelists were selected for the 
sensory analysis. 

The experiment was conducted according to CRD design, with three replications. Data 
was analyzed by ANOVA and means were compared by DMRT. 
 Results and Discussion  
 
 Biology of gamat and nutritional value 

 The result of proximate analysis showed that, the protein, fat, ash and moisture contents 
of dried gamat were 7.79%, 2.15%, 30.06% and 11.04%, respectively. The analysis also 
indicated that the calcium and iron content of gamat was considerably high (1,870 and 9.98 
mg/100g, respectively). Additionally dried gamat contained high sodium content (4,390 mg/100 
g) as well. Protein content of gamat in this study was found to be comparable to the results 
reported by Bordbar et al. (2011), who showed that the fresh sea cucumber contained 10-12% 
of protein, 70-80% of moisture and 0.002-0.04% of fat on a weight basis. Moreover, Pangestuti 
and Arifin (2017) also reported that the protein content in sea cucumbers was found up to 64%.  
Hence gamat flesh provided high protein and very low fat content. 

 Dried gamat in this study contained 14 amino acids; six of these amino acids, threonine, 
leucine, valine, lysine, isoleucine and histidine, were essential. Glycine was present in the 
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highest proportion (8.63 mg per 100 mg of protein) followed by Glutamic acid (7.85 mg per 100 
mg of protein). Among the essential amino acids, threonine was present in the highest amounts 
(2.48 mg per 100 mg of protein), followed by leucine (2.04 mg per 100 mg of protein). These 
findings were similar to the study reported by Widianingsih et al. (2016). Glycine is an amino 
acid that serves as a remedy for the treatment of underactive hypothalamus, muscular atrophy, 
and hypoglycaemia. Glutamic acid is neuro-transmitters in the central nervous system (Szpak, 
2011) and is recently used in anticancer treatment (Dutta et al., 2003). Threonine is one of the 
precursors for glycine synthesis (Razak et al., 2017). 

Comparison of the chemical compositions of fresh gamat and honey-pickled gamat 
showed that they differ in various aspects. The composition of the gamat flesh was comparable 
to the results reported by Sangjindawong (1980), which found that the flesh contained upto 84% 
moisture, as well as a higher level of protein (6.6%) and fat (1.7%). 

The gamat pickling study showed that bee honey was the best pickling medium for gamat 
preservation. Bee honey was thoroughly absorbed by the gamat flesh and produced a jelly-like 
body, as described in Table 1. In this study gamat picked in natural honey bee was jelly-like and 
full of honey which was considered as the best texture. Whereas gamat pickled in palm syrup 
was swollen due to water absorption and gamat pickled in sugar cane syrup was remained 
unchanged. Although, after three months of pickling, the honey had become less thick and the 
color of the gamat was changed from its natural brown color into white or pale yellow. According 
to folk traditions, however, gamat at this stage is ready to be consumed as uncooked form either 
a remedy or a cosmetic.   

Table 1 Chemical components found in gamat samples at different stages of  
              pickling and with different media 
 
Crude extracts 

 
Nutritional value /1 (% w/w) 

Moisture Ash Protein  Fat Total 
Sugar 

      - Honey Gamat 37.76±0.17b 2.53±0.06b 12.61±0.44a 0.44±0.06a 61 - Cane syrup 
Gamat 

51.42±0.55b 5.85±0.37a 12.87±0.30a 0.53±0.10a 34 - Palm syrup 
Gamat 

57.93±0.77b 3.16±0.07b 9.03±0.22b 0.50±0.01a 40 
 1/Values shown in the same column with different small letter superscripts are 
significantly different (P≤0.05) 

 
The chemical compositions of gamat at the beginning and after pickling in three different 

sugar media are indicated in Table 1. All three types of sugar resulted in significantly reduced 
moisture and ash content and increased protein content, while the fat content was unaffected to 
any significant degree. Bee honey was absorbed into gamat and reduced the moisture content to 
37.76% and the ash content to 2.53%, while the protein content was increased to 12.61% w/w. 
In comparison, the moisture content of the samples pickled in cane syrup and palm syrup was 
reduced to 51.42% and 57.93% respectively. 
 

Application of sugar-preserved gamat as a food ingredient 
Honey-pickled gamat was utilized as a food ingredient in instant rice porridge. Porridge 

was prepared following three formulas. The proximate compositions of all three rice porridge 
formulas were 13.20% protein, 0.85% fat, 0.90% ash and 79.05% moisture, respectively. 
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Table 2.  Sensory paneling scores of three gamat instant rice porridge formulas 
Sensory Paneling 

Category 
Score /1 

Formula I Formula II Formula III 
Color 7.53±0.57a 7.97±0.32a 7.93±0.58a 
Odor 7.57±0.50a 8.20±0.41b 8.10±0.48b 
Taste 7.00±0.64a 8.63±0.49c 7.70±0.75b 
Texture 7.17±0.38a 8.37±0.56b 7.83±0.59a 
Overall acceptance 
score 

7.00±0.53a 8.63±0.49b 7.83±0.53a 
 1/Values shown in the same row with different small letter superscripts are significantly 
different (P≤0.05) 
 

The sensory panelling scores of three rice porridge formulas are shown in Table 2. The 
results of panelling test for color were not significantly different among three rice porridge 
formulas, while the odor and taste scores of formula II and formula III were significantly higher 
than that of formula I (p<0.05). For the texture and overall acceptance score, the formula II had 
the highest scores (p<0.05).  

The instant porridge composed of roasted ground rice which was highly capable of water 
absorption (Office of Agricultural Research and Development, 2003; Thai Industrial Standards 
Institute, 2004). The property of dried rice enabled the porridge to be miscible with dried cured 
gamat flesh. Together with dried green onion leaf, carrot and ginger, the porridge scent and 
aroma was improved (Yai-eiam, et al., 2010). The three formulas used the same weight ratio for 
almost all of the ingredients, with the exception of the gamat flesh. 

However, the total acceptance score was considered “moderate”. Formula I received the 
lowest total acceptance score of the three. These results indicated that consumers would prefer 
the formula II to the other two formulas, owing to gamat improving food flavor. The food 
combinations affected the total acceptance score, similar to the results reported by Lim (2011) 
and Bastian (2015).  
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The Use of Boiled Liquid Waste as an Ingredient for Crab Sauce 
 

 Chutinut  Sujarit1*, Akhom Khatfan2 and Amornrat Aungaudchariya2  
ABSTRACT 

 
 Blue swimming crab (Portunus armatus Linn) provides a major source of crab meat. The meat is exported mostly in the form of frozen and canned products providing up to US$ 80 million per year. In the process of meat separation from its shell and skeleton a large amount of boiled liquid becomes liquid waste required an appropriate treatment before releasing into environment, unless it can be utilized. The research was proposed of a fully utilization on the waste of crab products and turn it into a high value product for use as appetizer or food seasonings. Proximate analysis showed that the boiled liquid waste composed of 96.68% moisture, 3.06% ash, 1.12% protein and 0.13% fat content. The processing of blue swimming crab was started by concentrating the boiled liquid waste at 50 °C until the liquid was concentrated into 30 °brix. The condensed liquid was further utilized as an ingredient in commercial oyster sauce; three formulas were proposed. Formula I was found to be the most appropriate for crab sauce production and comprised of 44.21% crab broth, 37.41% oyster sauce, 6.80% cane sugar, 2.72% modified starch, 1.36% monosodium glutamate, 0.68% powdered chili and 6.80% water. Sensory paneling of consumer acceptability was found no statistically significant differences (p≥0.05) for three formulas. Proximate analysis of this crab product revealed that the overall compositions were 45.44% moisture, 15.29% ash, 1.28% protein and 0.34% fat. An examination of shelf life revealed that during 5-week storage, its overall quality still met the standard requirement of Thai Standard of Community’s Product No. 1016/2548 (oyster sauce product).  
Keywords: Agro-industrial waste, Waste utilization, Crab sauce, Portunus armatus 
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Introduction 
  Among Thai seafood, Blue Swimming crab (Portunusarmatus Linn., 1758) is one of the 
most popular and widely consumed. Hence, the Blue Swimming crab is generally regarded as 
an economically important product for Thailand. It has been utilized as a raw material in food 
industry for more than 20 years, especially canned products. As 2004, the total export of the 
product was about 34,400 tonnes which was calculated to approximately US$ 21.2 million 
(Songrak and Watcharintarachai, 2006). It is clearly that demand for blue swimming crab 
products in both domestic and international markets is increasing. The domestic market consists 
of many markets at various levels, from smaller, local markets with high raw material availability 
to larger and more distant markets. These markets include village markets, local district markets, 
and provincial and regional markets. Local and provincial aquatic animal markets play important 
roles as they act as a starting point for the purchase and transfer of raw materials from various 
aquacultural ponds to consumers and seafood processing factories. Various blue swimming crab 
products are available in domestic markets, such as fresh chilled crab, fresh iced crab, live crab, 
molted shell crab and ready-to-cook crab meat.  
 Now a day, the numbers of blue swimming crab and other crab are steadily increasing 
due to successfully implemented conservation programs. A particularly important conservation 
program has been the establishment of blue swimming crab banks, which have been established 
in various local areas in order to achieve rehabilitation and conservation objectives for mangrove 
forest and aquatic species.  In addition to the sustainable conservation of mangrove and aquatic 
species, crab banks have also resulted in enhanced community food productivity, enhanced 
community resource self-reliance and the increased generation of income by villages and 
communities. All of the benefits mentioned above are critical for the creation of sustainable 
communities, as they contribute to a community’s food security and create immunity against 
extreme economic changes such as internationally repercussive financial crises.  
 The community’s crab bank played an essential role of blue swimming crab 
replenishment. Newly-bred crabs would be hatched, from crab eggs acquired from female crabs 
carrying fertilized eggs. The female crab, carrying fertilized eggs, is indicated by grayish sponge-
like body attached to her abdomen. Eggs were acquired, from female crabs as described above, 
and were incubated in 30-liter tanks containing 20 liters of water. An aerator was required to be 
installed in each tank, to supply oxygen from air into water. Oxygenation by this method could 
promote larva hatching from eggs; the crab larva hatching rate was higher in a tank with aeration 
than a tank without aeration. Within two days, crab eggs turned from greyish black oval shaped 
into tiny louse-liked larvae. Crab larvae lived on their yolk sacs which rapidly depleted; hence 
crab larvae would require to be released into natural water within eight hours after hatching, 
before their nutrient in yoke sac completely used up. Few days after hatching, crab larvae turned 
into zoea which gradually grown, along with several molting. The zoea eventually develops into 
mature crab. 
 The blue swimming crab bank in Songkhla serves as an example of how fishermen and 
farmers benefit from their contributions to the community crab bank. The blue swimming crab 
bank features many activities, such as releasing blue swimming crabs into their natural 
environment, crab catching and selling as a way for community residents to earn a living, and 
preliminary processing of crabs prior to their sale to food manufacturing plants.  
 During the crab processing, a huge amount of boiled water is utilized and released as 
liquid waste which required to be treated with appropriate methods before releasing into natural 
water. Treating waste water required larger area, much more resources and power consumption 
than utilization of the waste water as a newly precursor in food industry.  Therefore, our research 
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staff was interested in making use of this liquid waste by converting it into usable, value-added 
products as an alternative way to generate income within communities. 
  Materials and methods 
1. Raw materials for preparation of crab sauce using blue swimming crab boiled waste  
  Boiled extracted waste was kindly donated by the Crab Hatchery Learning Centre of Hua 
Kao Sub-district, Singhanakorn District, Songkhla Province, in the southern region of Thailand.  
  Ingredients for preparing crab sauce were as follows: commercial oyster sauce, cane 
sugar, refined starch, monosodium glutamate, powdered chilli and water.  
 
2. Methods  
       2.1 Preliminary analysis of blue swimming crab boiled waste water   
  The boiled water waste acquired from the Crab Hatchery Learning Centre of Hua Kao 
Sub-district was chemically analysed for its moisture, ash, protein and fat content by the methods 
described by the AOAC Official Methods of Analysis (2000). 
  2.2 Preparation of the crab sauce   
  Boiled waste water of blue swimming crab was poured into vessels and was condensed 
by water-evaporation at a constant temperature of 50 °C until the liquid concentration reached 
30°Brix of sugar. Evaporated liquid was used as an ingredient of crab sauce, as indicated in Table 1. 
Table 1 Formula for crab sauce production from boiled water concentrates 
 

Ingredients (%) Formula 
1  2 3 

Evaporated crab waste  65 75 85 
Commercial sauce 55 55 55 
Cane sugar 10 10 10 
Modified starch 4 4 4 
Monosodium glutamate 2 2 2 
Powdered chilli 1 1 1 
Water 10 10 10 

    Formulas were scored by means of sensory paneling based on a 9-point hedonic scale in 
terms of appearance, colour, flavour and overall acceptability using 30 trained panelists. 
   2.3 A nutritional evaluation of crab sauce manufactured from boiled liquid waste 
concentrate  
   2.3.1 Nutritional values 
   The formula, of which earned the highest paneling score (in Section 2.2), was further 
inspected for the nutrition values such as moisture, ash, protein and fat content, using the 
methods provided by AOAC (2000). The pH was also evaluated by pH meter. 
   2.3.2 Microbiological examination 
   The crab sauce with the highest paneling score was packed in 200-ml bottles and 
kept in ambient temperature, while waiting for microbiological evaluation. Total colony counts 
of bacteria, yeast and mould were carried out every week for five weeks (weeks 0, 1, 2, 3, 4 and 
5) using the method indicated by AOAC (2000).    
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  2.4 Investigation of production costs of crab sauce made from blue swimming crab 
boiled liquid waste concentrate  
   Preliminary production costs were calculated based only on the cost of raw materials 
and the total costs were evaluated by summation of all calculable material prices. 
 Results and Discussion 
  1. Qualities and composition of boiled liquid waste from blue swimming crab    Boiled waste water extracted from the processing of blue swimming crab, provided by the 
Crab Hatchery Learning Centre of Hua Kao Sub-district, was slightly brownish with a fishy odor 
as typical crab meat. The process of crab boiling was initiated by putting the whole bodies of 
washed blue swimming crab into a boiling vessel using an equal proportion of crab to water (1:1, 
w/w) at 150 °C for 15 min. The proximate analysis of boiled crab liquid is shown in Table 2.  
  The boiled water was analysed in terms of moisture, ash, protein and fat content. It was 
found to consist of 96.68 % moisture, 3.06% ash, 1.12% protein and 0.13% fat content. These 
figures corresponded to the results of Pornchaloempong and Rattanapanont (2010), who reported 
that the chemical composition of general aquatic waste comprised 74.6% moisture, 1.6% ash, 
19.8% protein, 4.0% fat and no carbohydrate detected. 
 Table 2 Proximate chemical constituents of boiled liquid waste from blue swimming crab 
 

Constituents Contents (%) 
Moisture 96.68 ± 0.02 

Ash 3.06 ± 0.35 
Protein 1.12 ± 0.02 

Fat 0.13 ± 0.06 
 2. Acceptant score of crab sauces 
  Sauce products from boiled liquid waste of blue swimming crab were manufactured by 
concentrating boiled liquid waste by evaporation at a constant temperature of 50 °C until a final 
concentration of 30°Brix was achieved. This solution was incorporated into three different 
formulas and organoleptically evaluated using a 9-point hedonic scale by 30 trained panelists in 
terms of color, odor, flavor, appearance and overall acceptability. Results of sensory evaluation 
are presented in Table 3. 
 Table 3 Sensory evaluation scores of 3 different formulations of crab sauce made from boiled  
    liquid waste concentrate. 

 
Qualities 

Sensory Scores 
Formulation 1 Formulation 2 Formulation 3 

Colour 8.16b 7.90a 7.73a 
Odour 8.10a 7.93b 7.56a 

Flavour 8.16a 7.90b 7.30a 
Appearance 8.40NS 7.80NS 7.80NS 

Overall acceptance 8.15b 7.90b 7.36a 
Note: different letters in the same column indicate statistically significant difference (P < 0.05) 
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  Colour score evaluation 
It was found that the average colour scores of sauce produced from boiled liquid 

waste concentrate fell into the range of moderate to high acceptability (7.73-8.16). The 
formula of which earned the maximum colour score was the formula I (8.16), with a 
statistically significant difference (P>0.05) from the other two formulas. Colour scores of 
formula II (7.90) and III (7.73) did not show a statistically significant difference (P>0.05). 
However those two scores were considered as “moderate” acceptable. 

Odour score  
  The average odour scores of crab sauce produces ranged from moderate to high 
acceptability (7.56-8.10). The formula I was the highest (8.10) of three; however the score 
was not different to the other two, the formula II and III, indicating by the significant 
notation higher than 0.05 (P>0.05). The formula I was considered the high acceptant, 
whereas the formula II (7.93) and III (7.56) were considered moderately acceptable. 
  Flavor score 
  Based on the flavour scores, crab sauce produces were considered moderate to high 
acceptable (7.30-8.16). The formula I got the highest of three (8.16), but the score did not 
show a statistically significant difference (P>0.05) to the formula II’s score which was 7.90.   
  Overall acceptance score 
  It was found that overall acceptance score fell into the range of moderate to high 
acceptability (7.36-8.15). The overall acceptance score of formula I was the highest (8.15) 
of the three formulations, and it had no statistically significant difference (P<0.05) 
compared to the overall acceptance score of formula II (7.90). However, the overall 
acceptance score of formula III (7.36) was significantly different (P<0.05).  
  This investigation of blue swimming crab sauce manufactured with boiled liquid waste 
concentrate, using a modification of the publicly available oyster sauce formulation that is 
generally used as a fundamental formula for commercially manufactured sauce, clearly 
demonstrated that all three formulations resulted in a brownish viscous and homogeneous texture 
property without the occurrence of syneresis or too thick or too thin a texture. The 9-scale 
hedonic sensory evaluation, using 30 trained panelists, revealed that the colour, odour, flavour, 
appearance and overall acceptability of the sauce were consistent and conformed to Community 
Product Standard No. 1016/2005. The most acceptable formulation was formula I, as shown in 
Table 4. The formula I would be used in further experiment. 
   
3. Nutritional values of blue swimming crab sauce made from boiled liquid waste 
concentrate 
 3.1 Nutritional values of crab sauce made from boiled liquid waste concentrate  
  The nutritional values of blue swimming crab sauce made from boiled liquid waste 
concentrate were investigated by analysis of moisture, ash, protein and fat content (AOAC, 
2000). The results are shown in Table 4. 
 
Table 4 Proximate analysis of crab sauce made from boiled liquid waste concentrate 
 

Components Contents (%) 
Moisture 45.44 ± 0.30 

Ash 15.29 ± 0.09 
Protein 1.28 ± 0.02 

Fat 0.34 ± 0.03 
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  The nutritional values of crab sauce, using condensed liquid waste of blue swimming crab, 
are indicated in table 3. Its moisture, ash, protein and fat content were 45.44, 15.29, 1.28, and 
0.34%, consecutively. The chemical components were similar to the report of Yeneng (2001), 
who studied on shrimp sauce. In his report, shrimp sauce was made by using condensed liquid 
waste from boiled shrimp; its ash and fat content were reported to be 6.29% and 0.03% 
respectively. However, the physical and chemical properties of crab sauce, produced from blue 
swimming crab liquid waste, indicated that the produced was considered acceptable according 
to The Community Product Standard No. 1016/2005.   
   
 3.2 Microbiological changes during storage  
  Crab sauce formula  III was packed in 250-ml bags and kept at room temperature for five 
weeks, with sampling for quality checks performed at weeks 0, 1, 2, 3, 4 and 5. Microbiological 
evaluations were Total Bacteria Count(TBC) and Total Yeast  Mold Count (TYMC); the 
examination results are presented in Table 5.  
 
Table 5 Microbiological changes during 5-week storage at room temperature 

 
Storage period 

(weeks) 
Microbiological parameters 

TBC (CFU/g) TYMC (CFU/g) 
0 < 30 < 10 
1 < 30 < 10 
2 < 30 < 10 
3 < 30 < 10 
4 < 30 < 10 
5 960 < 10 

  Four week of storage at room temperature, TBC and TYMC were constant at <30 and 
<10/g, respectively. However in the fifth week, TBC abruptly rose to 960 CFU/g, while TYMC 
remained less than 10 CFU/g, indicating that the crab sauce product was able to be kept at room 
temperature for at least four weeks and crab sauce was considered “acceptable” regarding to 
Community Product Standard No. 1016/2005. The results were similar to those reported by 
Wannaphuak (2015) who studied in shrimp sauce storage at room temperature; the TBC were 
less than 3 CFU/g on the first three weeks and TBC rose into 685 and 776 CFU/g on the following 
weeks. The TYMC was also less than 10 CFU/g.  during five-weeks of storage. In addition, sensory 
acceptability of shrimp sauce was still acceptable as the product was kept in the room 
temperature for 10 weeks.  
  
 3.3 pH  
 The pH of crab sauce, made from blue swimming crab liquid waste, was similar to the 
commercial oyster sauce which was stable at 6.7 as well. Therefore, based on pH, the crab sauce 
product was still at the acceptable value according to Community Product Standard No. 
1016/2005, which states that the optimal pH of commercial oyster sauce and related products 
ought to be in the range of 6.5-7.5 (Ueprasertsak, 1996).  
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4. Proximate cost of production for crab sauce from crab liquid waste  
  Cost of production was evaluated based only on the raw materials at the time. Price of 
individual raw material used for making crab sauce from boiled liquid waste was listed in table 
6, as the product was sold in a 150 ml-bottle.   
 
Table 6 Preliminary cost of production for crab sauce made from boiled liquid waste 
 

 Constituents Cost 
(baht/g) 

Cost per Unit Quantities 
(g) 

Cost/bottle 
(Thai-baht) 

Boiled liquid 
waste 

- - 65 - 
Commercial 
sauce 

23 baht/200 ml 0.11 55 6.32 
 Cane sugar 28 baht/1000 g 0.02 10 0.28 
Modified starch 48 baht/1000 g 0.04 4 0.19 
Monosodium 
glutamate 

10 baht/85 g 0.11 2 0.23 
Powdered chilli 27 baht/50 g 0.54 1 0.54 
Water - - 10 - 

Total  7.56 
 
  Consequently, the proximate production cost for a 150 ml-bottle of crab sauce, made from 
boiled liquid waste, was 7.56 baht, which 1.24 baht /bottle was added up by using crab liquid 
waste. As the boiled liquid waste, used in the production process was free of charge as it was 
considered as waste, and therefore did not contribute to the cost. Moreover, the crab sauce was 
much cheaper when compared to the original oyster sauce of the same volume (150 ml) which 
was about 17.24 baht.  
 
 Conclusion  1. The proximate analysis of boiled liquid waste, from boiling blue swimming 
crab, prior to be concentrated to 30 °Brix, were 96.68% moisture, 3.06% ash, 1.12% 
protein and 0.13% fat. 
 2. The waste was concentrated to 30°Brix and was utilized as an ingredient to crab 
sauce, a new product proposed in this experiment. The formula I was the most accepted and 
composed of 44.21% concentrated waste, 37.41% commercial sauce, 6.80% cane sugar, 2.72% 
modified starch, 1.36% monosodium glutamate, 0.68% powdered chili and 6.80% water.The 
product acceptance scores were considered “acceptable” regarding to the Community Product 
Standard No. 1016/2005. 
 3. Crab sauce, made from concentrated liquid waste, was further evaluated for chemical 
compositions and microbial assessment. The result shows it composed of moisture, ash, protein 
and fat at 45.44%, 15.29%, 1.28% and 0.34%, respectively. Microbiological examination was 
conducted using total bacteria count (TBC) and total yeast&mold count (TYBC). TBC remained 
<10 CFU/g in the first-four week and was increased to 960 CFU/g in last week of storage, while 
the TYMC was constant at <10 CFU/g throughout the storage period. This indicated the crab sauce 
was qualified according to the Community Product Standard No. 1016/2005 
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 4. Proximate evaluation for cost of production, the crab sauce, made from concentrate 
liquid waste, was 7.56 baht per 150 ml bottle compared to 17.24 baht per bottle for the original 
oyster sauce of the same volume. Therefore, this product was able to be a cheap product to make 
a great income for the community.  
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Development of Shellfish Soup Enhanced with Herbs  
and Nutritional Value  

 
Chompunooch Somalee1* Suprewpan Lohaluksadat1 and Sirinad Jongrak2 

 
ABSTRACT 

 
The purpose of this study was to development of formula of shellfish soup enhanced with 

herbs and study the nutritional value of shellfish soup products. The results of the development 
of soup product from 3 formula of soup stocks; fish stock, chicken stock and vegetable stock. 
Found that the consumers have accepted the most was the vegetable stock  with the score 
8.53±0.91. The results on the acceptability of stock to shellfish species were 3 types; hard clam 
(Meretrix casta), bicolored pinna and mussel. Sensory evaluation of consumers test were 
accepted of vegetable stock to hard clam with score 8.16±1.20.  The study of quantities of herbs 
used in soup products which were galangal, lemongrass, basil leaves and onion were 2, 4, 6, 8 
percent of soup. The results showed that the total of herbs enhanced in the product was 
acceptable at 6 percent. The results of nutritional value of the  shellfish soup products found that 
contained the total energy (k.cal) 10.69, energy of fat (k.cal) 0.09, carbohydrates (grams) 1.86 , 
protein (grams) (%Nx6.25) 0.79 , total fat (grams) 0.01 , cholesterol (mg) 0.99, sugar (grams) 
1.74 , vitamin B2 (mg) 0.15 , sodium (mg) 189.35, calcium (mg) 0.47 , moisture (grams) 96.60 , 
ash (grams) 0.74 per 100 ml.  
 
Keywords: Shellfish-soup, Herbs , Shellfish, Nutritional value of soup 
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Introduction  
 

Many types of shellfish can be eaten and they also have different tastes, odor and flavor. 
There are about 50 species of shellfish found in the coastline provinces. They are divided into 
two groups. The first group is the commercial shellfish that is intensively farmed for high yield. 
They can also be found in medium-sized and large-sized fisheries. The second group is natural 
shellfish collected by local people in the areas. They are for consumption in the household or 
for selling in the local markets and the seafood restaurants. There are seven species of shellfish 
that are for eating; cockle, mussel, oyster, spotted babylon snail, abalone, razor clam, and horse 
mussel. Each species has a different nutrient. 100 grams of shellfish meat contain protein 6.9-
22.3 grams, carbohydrate 0.8-6.1 grams, total fat 0.4-1.4 grams, and calcium 15-98 milligrams. 
Mussels contain a lot of minerals needed for our bodies such as Vitamin B 1, 2, 3, 4, 5, 6 and 
12 which help prevent many diseases such as anemia, numbness and peripheral neuropathies to 
not make us feel weak. They also help cope with stress, help with blood circulation and relieve 
arthritis symptoms (ASTV,2015). Bicoloured pinna shell  (Chalemwat,  2011)  said this type of  
shellfish is popular for cooking various types of delicious sweet taste.  Meretrix casta  found 
on the Andaman coast.  Samut Songkhram, Chon Buri, shellfish  is a good seafood.  

Soup is a type of food that has more water than meat and meant to be the first appetizer 
before eating the main dish. Soup plays an important role in health, making the body healthy, 
not fatigue, nutrient absorption system. The digestive tract better keep warm. (Janvikul, 2013). 
It can make us strong and may help prevent us from feeling tired or exhausted. Food absorption 
system and digestion in the body will function better. However, the way to make the soup more 
delicious is not only the time spent on simmering, but also choosing the raw materials which 
will be put together in the soup. (Suvanbol, 1981) said that about stock; There are many stocks 
example stocks from chicken bones; from beef; from fish and made of vegetables.  Nowadays, 
many people in the family have changed their way of life because they have to go out and work 
against the time in order to get more money. They don’t have time to make the soup and care 
of themselves. Ready to eat foods are popular options for the people nowadays.  

Study the formula of shellfish soup products enhanced with herbs to be accepted by the 
consumers. The development of shellfish soup is one ways to bring natural shellfish which have 
nutrition and easy to find in community, to make shellfish soup products and enhance with 
herbs. These are healthy products for consumers who care about their health.  Study the 
nutritional value of the shellfish soup products. Analysis of shellfish soup enhanced with herbs 
to know the nutritional value and may help the consumers able to select these healthy products 
for consumption.   
 Materials and Methods 
 
1. Study the formula of shellfish soup enhanced with herbs products that are accepted by 
the consumers. 
  1.1 Raw materials preparation  

    Prepare 3 species meat of shellfish ; hard clam (Meretrix casta), bicolored pinna and 
mussel by rinsing them with clean water. Then boiling in water 3-7 minutes (Krasachol et al, 
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2010).  Next, remove the meat from the shells and put it in a basket. Finally, rinse the meat in 
the clean water for 1-2 times and drain the water out.   

1.2 Study the formula of soup stocks and select to produce for shellfish soup.  
  1 . 2 . 1  Study the formula of three soup stocks were fish stock, chicken stock, and 
vegetable stock. Then develop these stocks to have good tastes. Sensory evaluation focusing on 
the color, odor, taste, appearance and Total sensory and 9-point hedonic scale is used for the 
evaluation with 30 people in order to select the formula of a soup stock that consumers prefer 
and select to used with meat shellfish for produce shellfish soup further.  
        Fish Stock Formula (Hongvivat, 2003) 

water 2 litters 
fish bones (salmon) 300 grams 
roughly chopped 
coriander 7 grams 
black pepper 1 gram 
garlic 25 grams 
salt 3 grams 
roughly chopped carrots 200 grams 
onion 100 grams 

     Chicken Stock Formula (Hongvivat, 2003) 
water 2 litters 
chicken skeleton 0.5 kilogram 
chopped coriander  7 grams 
black pepper 1 gram 
garlic 25 grams 
salt 3 grams 

      Vegetable Stock Formula    
water 2 litters 
black pepper 1 gram 
garlic 25 grams 
salt 3 grams 
roughly chopped carrots 200 grams 
onion 100 grams 
Bouquet garni 1 bouquet 
celery 100 grams 
sweet corn 300 grams 
radish 150 grams 
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ginger 10 grams 
Chinese cabbage 200 grams 

  
  1.2.2 Study the acceptance of soup stocks with each type of shellfish.  
    Get the shellfish meat prepared from No. 1.1 and measure the ratio at 10 g. per 
100 ml of the soup stock from No. 1.2.1. Then study the acceptance of three types of shellfish; 
hard clam (Meretrix casta), bicolored pinna and mussel with the soup stocks. After that, 
Sensory evaluation focusing on the color, odor, taste, appearance and Total sensory and 9-point 
hedonic scale is used for the evaluation with 30 people in order to select the formula. 
Randomized Complete Block Design is used as the experiment plan and the mean scores are 
compared by using Duncan’s New Multiple Rang Test. The data is analyzed using SPSS for 
Windows.    

1.3 Develop the formula of shellfish soup products 
Making shellfish consommé soup products from the original formula  

                  (Adapted from http://wealthyfood.blogspot.com/2011/10/blog-post_20.html) 
shellfish meat    180

  
grams 

stock  2  cups 
chopped red onion  2 tablespoons 
chopped garlic   1  tablespoon 
roughly chopped basil  2 tablespoons 
sliced cayenne pepper  1  pepper 
chopped peeled canned tomato  200 grams 
tomato paste 1  tablespoon 
white wine ¼  cup 
olive oil 1½ tablespoons 
salt ¼ teaspoon 
grounded black pepper ¼ teaspoon 
white sugar ¼ teaspoon 

  
  1.4 Study on quantity of herbs enhanced in shellfish soup products  
           The herbs used in the product are basil, lemongrass, galangal, and onion mixed 
together and added in the ratio of 2, 4, 6,8  percent of soup. Then, start making the soup by 
following the instruction in No.1.3 and add the mixed herbs. After that, Sensory evaluation 
focusing on the color, odor, taste , appearance and Total sensory and 9-point hedonic scale is 
used for the evaluation with 30 people in order to select the formula.  
 
2. Analyzing the nutritional values of shellfish soup enhanced of herbs products 
            Collect the samples in order to analyze the nutritional values of the shellfish soup 
products such as the total energy, energy from fat, carbohydrates, fiber, protein, total fat, 
cholesterol, sugar, vitamins, sodium, calcium, iron, moisture, and ash (A.O.A.C.2016) 
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Results and Discussion  
1. The results of the study the formula of shellfish soup enhanced with herbs products 

that are accepted by the consumers. 
1.1 The result of the formula of soup stocks for making shellfish soup  

  The results of the acceptance sensory evaluation of soup stock formulas; fish stock, 
chicken stock, and vegetable stock were evaluated by 30 tasters as shown in Table 1.  
 
Table 1  The results of sensory evaluation of the consumers test to 3 types of soup stock  

Types of 
soup stock 

The score of sensory acceptance 
Color Odor Taste Appearance Total sensory 

Fish 7.36b±0.65 6.36b±0.68 6.63b±0.45 6.93b±0.71 6.86b±0.63 
Chicken 7.43b±0.71 7.36b±0.65 7.40b±0.74 7.33a±0.61 7.43b±0.85 

Vegetable 8.60a±0.96 8.63a±0.76 8.10a±0.79 8.16a±0.78 8.53a±0.91 
Remark : The mean score with the same in the vertical showed that there was non-significant  

(P>0.05) 
The results of the sensory evaluation among three types of stock (Fig. 1); fish stock, 

chicken stock, and vegetable stocks indicated that the first stock accepted by the consumers. 
Total sensory of vegetable stock was score 8.53±0 . 9 1 . It is because the vegetable stock had a 
good odor and sweet taste more than other types of stock. The appearance and color of the stock 
were more desirable than fish stock and chicken stock. It is because in chicken skeletons and 
fish bones, there were still fat ; even though, they were scalded. The second stock was chicken 
stock with the score 7.43±0.85. The least was fish stock with the score 6.86±0.63. In conclusion 
select vegetable stock for further experiment.  

               
              Fish                                           Chicken                                  Vegetable 

Figure 1 Types of soup stock 
 
 
 
 
 



Proceedings of the 9th Rajamangala University of Technology International Conference   345 

RMUT Driving Innovation for Thailand 4.0  

1.2 The results of the acceptance the formula of soup stock with type of shellfish.  
The results of the stock toward the types of shellfish were shown in Table 2-4 

Table 2  The results of sensory evaluation of the consumers test to the stock with hard clam 
(Meretrix casta) 

Types of 
stock 

                                   Score of sensory acceptance 
Color Odor Taste appearance Total 

sensory 
Fish 7.16a±0.73 6.83b±0.43 6.83b±0.48 6.70b±0.54 6.90b±0.69 
Chicken 7.50a±0.77 7.20b±0.68 7.33b±0.71 7.36ab±0.56 7.36ab±0.56 
Vegetable  8.20a±1.30 8.03a±0.91 7.90a±0.97 7.76a±1.02 8.16a±1.20 

Remark : The mean score with the same in the vertical showed that there was non-significant  
(P>0.05) 

 
Table 3  The results of sensory evaluation of the consumers test to the stock with bicolored 

pinna 
Types of 
soup stock 

Score of sensory acceptance 
Color Odor Taste appearance Total 

sensory 
Fish 7.26a±0.63 7.06b±0.54 7.20a±0.69 7.10b±0.68 7.00b±0.71 
Chicken 7.63a±0.68 7.50a±0.62 7.56a±0.64 7.50b±0.62 7.46b±0.61 
Vegetable 7.80a±0.73 7.80a±0.73 7.90a±0.77 7.93a±0.77 7.90a±0.77 

Remark : The mean score with the same in the vertical showed that there was non-significant  
(P>0.05) 

 
Table 4  The results of sensory evaluation of the consumers test to the stock with mussel 
Types of 
soup stock 

Score of sensory acceptance 
Color Odor Taste Appearance Total 

sensory 
Fish 6.80c±0.77 6.93c±0.61 6.33c±0.72 6.16c±0.59 6.26c±0.64 
Chicken 7.70b±0.73 7.30b±0.69 7.40b±0.70 7.76b±0.60 7.46b±0.61 
Vegetable  7.86a±0.81 7.56a±0.76 7.73a±0.71 9.00a±0.92 7.80a±0.67 

Remark : The mean score with the same in the vertical showed that there was non-significant  
(P>0.05) 
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  The results of meat shellfish prepared using the ratio of 10 percent of soup stock to 
investigate the acceptance of three types of shellfish; hard clam (Meretrix casta), bicolored 
pinna and mussel with each stock. ( Fig. 2 )  The sensory evaluation doing the preference 
evaluation on the color, odor, taste ,appearance and total sensory. The results found that total 
sensory of consumers preferred vegetable soup stock with hard clam the most with the score 
8.16±1.20 due to the taste of sweetness and no fishy odor of the shellfish. Moreover, the 
appearance including with the color and odor of the stock made it more desirable that the stock 
with bicolored pinna and the stock with mussel. The second acceptance of the vegetable stock 
was with bicolored pinna the score 7.90±0.77. It is because the stock with bicolored pinna 
wasn’t clearer than with the hard clam. However, the tastes of the stock with bicolored pinna 
and stock was with hard clam were the same with the score 7.90a±0.97 and 7.90a±0.77 
respectively. The vegetable stock with mussel was the least accepted by the consumers with the 
score 7.80±0.67. Although it looked the same as the stock with bicolored pinna, the fishy odor 
and the taste of it were not acceptable with the score 7.56a±0.76 and 7.73a±0.71 respectively. 
In conclusion, the results of the acceptance of the soup stock toward each type of shellfish 
indicated that most consumers preferred the soup stock with hard clam the most. Therefore, it 
was chosen for further experiment.  
 

                      mussel                             hard clam (Meretrix casta)            bicolored pinna  
Figure 2 Types of meat shellfish  

 
1.3  The development of shellfish soup enhanced with herbs products  
The results of developing shellfish soup enhanced with herbs to soup products from the 

original formula (Table 5) and using herbs at the ratio of 2,4,6,8 percent of soup produced from 
No.1.3. Sensory evaluation was shown in Table 6.   
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Table 5  The ingredients and the amount of raw materials used in shellfish soup products  
Ingredients Quantity 
water 1000  grams 
onion 50      grams 
carrot 100    grams 
celery 50      grams 
sweet corn 150    grams 
radish 75      grams 
coriander 5        grams 
pounded garlic 25      grams 
ginger 5        grams 
black pepper 1        gram 
coriander root 3.5     grams 
Chinese radish 200    grams 
Hard clam meat  250    grams 
chopped red onion 
sliced cayenne pepper  

30      grams 
30      grams 

salt 12        grams 
peeled fresh tomato 100    grams 
white wine 65      grams 
white sugar 8      grams 

 
Table 6  The score of the sensory evaluation on the consumers test to the amount of herbs added 

in shellfish soup.  
The 

amount of 
herbs 

Score of sensory acceptance 
Color Odor Taste Appearance Total sensory 

2 grams 7.33b±0.71 7.66b±0.54 7.43b±0.93 7.30b±0.65 7.23b±0.77 
4 grams 7.53b±0.71 7.70b±0.69 7.60b±1.00 7.60ab±0.89 7.30b±0.97 
6 grams 8.22a±0.89 8.32a±0.54 8.12a±0.89 7.96a±0.90 8.22a±0.80 
8 grams 7.60b±0.81 7.93b±0.65 7.40b±0.71 7.30b±0.83 7.53b±0.65 

Remark : The mean score with the same in the vertical showed that there was non-significant  
(P>0.05) 

 
 The result of the sensory evaluation test on the consumers to the amount of herbs (onion, 
lemongrass, galangal, basil) added in shellfish soup indicated that the amount of 6 grams of 
herbs was the most acceptable from consumers. It showed the scores of the color, odor, taste, 
appearance and total sensory at 8.22±0.89, 8.32±0.54, 8.12±0.89, 7.96±0.90, 8.22±0.80 
respectively which were different other quantities. Moreover, these herbs are beneficial to 
reducing the fishy odor and enhancing the taste of shellfish to be better. So that selected to 6 % 
of herbs enhance in shellfish soup product.(Fig 3) 
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Figure 3 Shellfish soup enhanced with herbs 

2. The result of the nutritional values of shellfish soup enhanced with herbs analysis  
  
Table 7 The nutritional values of shellfish soup enhanced with herbs products  

Lists Per  
100 ml. 

Per  
serving 
size 

%RDI Reference Method 

Total energy (Kcal) 10.69 0.00 
 

- In-house method TE-CH-169 
based on Compendium of Methods 
for Food Analysis Thailand, 1st 
Edition,2003 

Energy from fat 
(Kcal) 

0.09 0.00 - Journal of AOAC 
INTERNATIONAL;1993.p.106 

Carbohydrate (gram) 1.86 less than 1 0 Journal of AOAC 
INTERNATIONAL;1993.p.106 

Fiber (gram) 0.00 0.00 0 AOAC (2016) 985.29 
Protein 
(gram)(%Nx6.25) 

0.79 0.00 - AOAC (2016) 981.10 
Total fat (gram) 0.01 0.00 0 AOAC (2016) 948.15 
Saturated fat (gram) 0.00 0.00 0 In-house method TE-CH—208 by 

GC Technique 
Cholesterol (mg.) 0.99 0.00 0 In-house method TE-CH-143 

based on AOAC (2016)976.26 
Sugar (gram) 1.74  less than 1 - AOAC (2016) 925.35(B) 
Vitamin A 
(microgram) 

Not 
found 

0.00 0 In-house method TE-CH-022 
based on 
Bull.Dept.Med.Sci.1995;37(1):57-
64 

Vitamin  B1(mg.) Not 
found 

0.00 0 In-house method TE-CH-311 
based on Journal of AOAC 
International, vol.85, No.4,2002 

Vitamin B2(mg) 0.15 0.06 4 In-house method TE-CH-225 base 
on Journal of Agriculture Food 
Chemistry(1984)32,p.1326-1341 
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Sodium (mg) 189.35 75.00 3 In-house method TE-CH-134 
based on AOAC (2016)984.27 

Calcium (mg) 15.80 6.32 0 In-house method TE-CH-134 
based on AOAC (2016)984.27 

Iron (mg) 0.47 0.19 0 In-house method TE-CH-134 
based on AOAC (2016)999.10 

moisture 96.60 -  In-house method TE-CH-180 
based on AOAC (2016)950.46 

Ash (gram) 0.74 -  AOAC (2016) 938.08 
Nutritional analysis of shellfish soup enhanced with herbs. It found that total energy at 

10.69 kcal ,Energy from fat 0.09, carbohydrate 1.86 g , protein 0.79 g, total fat 0.01 g, 
cholesterol 0.99 mg., sugar 1.74 g, vitamin B2 0.15 mg, sodium 189 mg, calcium 15.80 mg, 
Iron 0.47 mg. 
 
Conclusion 
            Development of shellfish soup enhanced with herbs.  The results of stock soup found 
that consumers have accepted the most was the vegetable stock formulation with the score 
8.53±0.91. The results of the acceptability of stock soup to shellfish species was hard clam 
(Meretrix casta) with score of  total sensory 8.16±1.20. The results of quantities of herbs used 
in soup products which were galangal, lemongrass, basil leaves and onion mix were 6 percent 
of soup. The result of the nutritional values of shellfish soup enhanced with herbs products were 
total energy at 10.69 kcal ,Energy from fat 0.09, carbohydrate 1.86 g , protein 0.79 g, total fat 
0.01 g, cholesterol 0.99 mg., sugar 1.74 g, vitamin B2 0.15 mg, sodium 189 mg, calcium 15.80 
mg, Iron 0.47 mg. 
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Effects of Fermented Bioextracts on Yield Potential and Growth 
of Rice RD 49 Variety 

 
Sujitra Ruengdechawiwat1*Pornwipa Sanawong2 and Chutharat Aimkham2  

ABSTRACT 
 

 The main objective of this research aimed to test the effectiveness of various fermented bioextracts on growth and yields of rice RD 49 variety. The experiment was set as randomized complete block design RCBD with 4 treatments and 4 replications; treatment 1) control, treatment 2) bioextract from fresh fruits, treatment 3) bioextract from banana shoot and treatment, 4) bioextract from microbial activators PD2 (ARDA2) at Plant Science Field, Faculty of Science and Agricultural Technology, Rajamangala University of Technology Lanna, Phitsanulok. Field study was conducted from June – October 2017.  The results showed that 14 –  98 days after planning treatment 2 could produce the highest growth and yield, as well as, plant height in rice RD 49 variety.  For the chemical grain qualities of rice RD 49 variety, the results found that the treatment 2 and the treatment 3 could produce the highest 2.17 phosphate contents and 1. 48 nitrogen contents respectively and were significantly different (P>0.05). It can be concluded that the using fermented bioextracts from both fresh fruits and banana shoot had efficiency on yield components of rice RD 49 variety.  
Keywords: Fermented bioextracts, Rice RD 49 variety, Growth, Yield 
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Introduction 
 

The agricultural sector is one of the most important sectors of Thailand economy that 
has generated food and living incomes for most of the Thai citizens. Thailand has exported 
various kinds of agricultural products, such as rice, vegetables, tropical fruits, industrially 
processed foods and, etc., to many countries around the word. Forty percent of Thais works in 
agriculture, 16 million of them are rice farmers by one estimate. Thailand has a strong tradition 
of rice production. It has the fifth-largest amount of land under rice cultivation in the world and 
is the world's second largest exporter of rice [1,9] . 

Rice (Oryza Sativa L.) is an annual cereal grain and it is the most important staple food 
for a large part the world’s human population, especially in East and South Asia [1,3,9]. The 
rice RD 49 variety (RD49) is one of the most quality rice and very famous on the world market 
because of its unique, long, slender grain and white color. Moreover, it tastes soft and smells 
like a natural fragrance after cooking. The potential yield of this variety is 733 Kg/rai. To 
prevent crop losses to the agricultural pests, pesticides are then used to control insect and to 
increase agricultural products. However, pesticide intoxication is one of the major public health 
problems in Thailand and it is caused by intensive use and exposure to pesticides. These 
pesticides do not only raise production cost but in long term they also deteriorate soil qualities 
[2].  

Currently, many imported plant growth promoters or fertilizers are found to be bio–
extracts. Some of them are produced by fermentation, as this procedure enhances output 
qualities. Bio-extract fertilizer becomes one of the alternatives which minimizes chemical 
treatments [5-8,10]. The aim of this study was to investigate the benefit of fermented bioextracts 
in the growth of the rice RD 49 variety.  Materials and Method 
 1. Treatments and Experimental Design One variety of rice namely, the rice RD 49 variety was selected based on its yielding potential. The experiment consisted of four treatments with 4 replications set as randomized complete block design (RCBD). A field experiment was conducted at the same time, between 
June - October 2017. The pot experiment was undertaken in an open air environment at plant science field, Faculty of Science and Agricultural Technology, Rajamangala University of Technology Lanna, Phitsanulok. Three formulas of fermented bioextracts for growth in treatment 2-4 (shown as Figure 1) bioextract from on treatment 2, were on used banana shoot (treatment 3) and from bioextract from microbial activators PD2 (treatment 4) to compare with control treatment (without bioextracts) (treatment 1).  

      Figure 1 (a) bioextract from fresh fruits (b) from banana shoot       (c) from microbial activators PD2  
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2. Determinations and data analysis Growth Parameters At the  growth stages ten plants from each of the plots (shown as Figure 2) were selected randomly to determine grain growth parameters such as plant height and number of tillers. 

  (a)                                     (b)   Figure 2 Growth of (a) the tillering stage   (b) grain of the rice RD 49 variety  Chemical composition  Both the used fermented bioextracts and the obtained grain of the rice RD 49 variety at differences condition were assayed according to the AOAC method.  Grain Yield, Yield Components Grain yield was adjusted to less than 12.5% moisture content. The plants were randomly selected to determine yield and yield components, which consisted of number of tillers per plant, number of seeds per spike and seeds weight.   
 
3. Statistical Analysis 

To determine statistical difference between means (p<0.05), ANOVA and Duncan’ 
Multiple Range Test (DMRT) were calculated using SPSS statistical software.  Results and Discussion 
The fermented bioextract chemical compositions The used fermented bioextracts were collected for chemical analysis before planting. From the results, it had indicated that the fermented bioextract from microbial activators PD2 gave the highest total nitrogen and phosphorous (P2O5) content as 0.23 and 0.010 %  respectively. While the fermented bioextracts from fresh fruits and banana shoot gave the highest total potassium (K2O) as 0.22-0.23 %. All the fermented bioectracts pH was between 3.7 and 4.1 because of organic acid occur after fermentation (Table 1).     
Table 1 Some Chemical composition of the various fermented bioextracts.   

Parameters 
Formula of fermented bioextracts 

Fresh fruits Banana shoot Microbial 
activators PD2 

Total Nitrogen content (%N) 0.110±0.002 0.040±0.001 0.230±0.004 
Phosphorous content (%P2O5) 0.001±0.000 0.002±0.000 0.010±0.000 
Potassium content (%K2O) 0.230±0.004 0.220±0.004 0.190±0.003 
pH 4.06 3.99 3.73 
Electrical Conductivity; EC (mS/cm) 15.13 13.68 11.55 

  



Proceedings of the 9th Rajamangala University of Technology International Conference   354 

RMUT Driving Innovation for Thailand 4.0  

Grain Yield, Yield Components The analysis of variance exhibited that bioextract used had significantly influenced days to planting. From the results, it was indicated that treatment 2, 3 and 4 (bioextracts from fresh fruits, banana shoot and microbial activators PD2 respectively) showed a significantly higher  plant height and number of tillers than treatment 1 (without bioextract) (Figure 3).  

 (a)  

  (b) 
Figure 3 Effect of growth duration, aboveground fermented bioextracts on growth of rice at  

  various planting day at maturity, of the obtained rice RD 49 variety grown 
                (a) plant height   (b) number of tillers. 

 Planting at 70 days, treatment 1-4 gave number of tillers per plant as 9.4, 10.8, 12.4 and 
14.2 respectively. However, it was found that number of tillers per plant decrease tendency after 
planting 70 day in various treatment. This could possibly be due to the enhanced tillering 
capacity of the existing plant population associated with the adequate availability of bioextract 
nutrients for the lower population.  

After harvest, the result showed that all the phenological and growth parameters (grain 
yield and yield components) at various treatments (Table 2). From this result, the used 
bioextracts for plant could be appropriate for rice production. 
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 Table 2 Grain yield and yield components of the obtained rice RD 49 variety at various  
              treatments.  

Treatment Number of 
seeds per 

spike 
Grain 
weight 
(mg) 

Grain 
length 
(cm) 

Grain yield  
(Kg rai-1) 

Treatment 1 20.04±0.40 2.45±0.04 0.98±0.02 101.05±9.10 
Treatment 2 29.18±0.60 2.41±0.04 1.01±0.02 468.88±11.10 
Treatment 3 24.65±0.40 2.28±0.02 0.97±0.02 441.89±11.10 
Treatment 4 28.21±0.50 2.30±0.02 1.00±0.02 311.58±10.20 

 
Grain chemical compositions After harvest, the obtained grain were collected for chemical analysis. From the results, it had indicated that the treatment 2 and the treatment 3 could produce highest 2.17 % phosphate contents and 1.48 % nitrogen contents respectively (Table 3).    

From the data in table 1, the fermented bioextract from Microbial activators PD2 in 
treatment 4 had the highest total nitrogen content as 0.230 %, whereas the fermented bioextract 
from banana shoot in treatment 3 had total nitrogen content only 0.040 %. However, it was 
found that the obtained grain in treatment 3 gave highest nitrogen contents. This could possibly 
be due to the molecular aggregation in nitrogen compound on adsorption of nutrient for rice 
growth.    

 Table 3 Chemical properties of the obtained grain in various treatments. 
 

Treatment Nitrogen 
content (%) 

Phosphate 
content (%) 

Potassium 
content (%) 

Treatment 1 1.44±0.10 1.60±0.18 2.69±0.01 
Treatment 2 1.43±0.10 2.17±0.25 0.73±0.01 
Treatment 3 1.48±0.11 1.72±0.18 0.46±0.01 
Treatment 4 1.45±0.10 1.50±0.17 0.35±0.01 

 Conclusion  
In summary, we confirmed that utilization of 3 formulas bioextract would make rice be possibly increase grain yield and yield components. The suggestions of this study are to promote production and utilization of bioextract in order to increase yield of the rice RD 49 variety including reducing chemical fertilizer conservation. Therefore, campaigning of production and utilization of the 3 formulas bioextract mentioned earlier is very necessary.  Acknowledgement  
The authors wish to thank Faculty of Sciences and Agricultural Technology, Rajamangala University of Technology Lanna (RMUTL), Phitsanulok province for providing the facilities used in this research. 
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In vitro Gas Production of Leucaena (Leucaena leucocephala) 
Silage Added with Xylanase and Cellulase from Dried Tomato 

Pomace by Aspergillus niger 
 

Smerjai Bureenok 1*, Niracha Phasuk1,  Chalermpon Yuangklang1,  Benya Saenmahayak1,            
Kraisit Vasupen1 and Nittaya Pitiwittayakul1  

ABSTRACT 
 

 This study aimed to determine the effects of xylanase and cellulase from dried tomato pomace treated by Aspergillus niger addition to leucaena silage on total gas production, organic dry matter digestibility (OMD) and metabolizable energy (ME) by using in vitro gas techniques. Xylanase and cellulase were added at 0, 0.2, 0.4, and 0.8% of dry matter luecaena silage. Commercial cellulase enzyme from Aspergillus niger were also used at 0.2% (w/w of dry matter). Gas production (GP) were measured by the syringe at distinct incubation times (0, 1, 2, 4, 6, 8, 12, 18, 24, 36, 48, 60, 72, 84, and 96 h). At 94 h, total gas production increased by addition of enzyme level at 0.4 and 0.8% and these value were not different from the addition of commercial cellulase. Gas production obtained from the insoluble fraction (b), gas potential extent of gas production (a+b) and cumulative gas production were improved by increasing the enzyme levels. The organic matter digestibility (OMD) was not different in all silages. Addition of xylanase and cellulase from dried tomato pomace produced by Aspergillus niger at 0.4% can improve the nutrient digestibility of luecaena silage.  
Keywords: Cellulase, Gas production, Leucaena leucocephala, Xylanase  
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Introduction  
 

Xylanases and cellulase are used in several industrial processes such as bioconversion 
of lignocellulosic waste into their constituent sugars (Shah and Madamwar, 2005), 
improvement of the digestibility of animal feed, etc. (Tapingkae et al., 2008). The use of 
abundant and low cost agricultural by-products as fermentation substrates for the production of 
xylanases is one of the ways to substantially reduce enzyme production cost. Solid state 
fermentation is a microbial process in which the microorganisms grow under conditions closer 
to their natural habitat and produce larger amounts of extra cellular enzymes (Sato and Sudo, 
1990). Among existing technologies in the fermentation, solid state fermentation (SSF) shows 
many advantages over fermentation in submerged culture, such as lower cost and much lower 
reactor volumes (Rodriguez-Couto and Sanroman, 2006). In this way, xylanolitic enzymes have 
been successfully produced in SSF using solid substrates such as corn cobs, rice bran, rice husk 
(Badhan, 2007), sunflower head, grape pomace (Diaz, 2007) or wheat bran. For these reasons, 
tomato pomace is a waste abundantly available and its chemical composition contains proteins, 
lipids, carbohydrates, amino acids, carotenoids and minerals (Al-Wandawi et al., 1985). 
Aspergillus niger have been reported to be the main sources of cellulase, hemicellulase, 
pectinase and xylanase products on the non-starch polysaccharides including cellulose 
(Hamlyn, 1998). Leucaena leucocephala, the widely propagated species, is nitrogen fixing and 
drought resistant with a high productivity rate and the leaves of the plant are potentially 
excellent source of crude protein for livestock. Fibrolytic enzymes such as cellulase and 
hemicellulase have also been used and improved the nutrient digestibility. The addition of 
cellulase increased the apparent digestibility of dry matter, organic matter, and neutral detergent 
fiber of dairy cows (Ballard et al., 2003). Therefore, the aim of this study was to evaluate the 
effect of cellulase and xylanase on the nutrient digestibility of leucaena silage by in vitro gas 
production method. 
 Materials and Methods 
 
Microorganism and inoculum preparation 

The fungal culture of Aspergillus niger was obtained from the National Center for 
Genetic Engineering and Biotechnology (BIOTEC, Pathum Thani, Bangkok). Inoculum of  A. 
niger was maintained on potato dextrose agar (PDA) at 30°C for 5 d and stored at 4°C until 
being used. The spores from PDA plates were harvested by using sterile 0.01% Tween 80 (w/v) 
to obtain 1x107 spores/mL. 
 
Culture conditions 

The culture medium used for solid-state fermentation was dried tomato pomace (residue 
from the extraction of tomato sauce). The moisture content of dried tomato pomace was 
adjusted to about 50% and autoclaved. The substrate was cooled and mixed with 10% of an A. 
niger spore suspension (1×107 spores/mL) (w/w). The solid-state culture was incubated at 30°C 
for 72 h. Then, the substrate was dried at 50°C for 3-5 days before using as fibrolytic enzyme.  
 
Enzyme activity test 

Dried tomato pomace treated by A. niger was milled through a 1 mm sieve. The moisture 
content of the culture medium was determined by drying in a hot-air oven at 80°C to derive a 
constant weight. The xylanase and cellulase enzyme activity were examined by adapted method 
of Bailey et al. (1992) and Mandels et al. (1976), respectively. Moisture content was determined 
by AOAC method. 
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In vitro gas production 
The ruminal fluid used as inoculant was obtained from 2 adult goats. The animal was 

fed Napier grass silage diet and supplemented daily with concentrate for 1 week. Kinetics of 
degradation and gas production were evaluated in the samples of ensiling opened after 30 days 
of fermentation by the semi-automatic in vitro gas production. Evaluating the digestibility of 
forage silage by in vitro gas production technique method was performed according to Menke 
and Steingass (1988).  

Briefly, samples of each leucaena silage (0.2 g DM) were accurately weighed into 100 
ml syringe with 4 different levels of xylanase and cellulase (0, 0.2, 0.4, and 0.8% (w/w)) in four 
replicates. Commercial cellulase were also added at 0.2% (w/w) (Sigma-aldrich, 1.21U/mg). 
Subsequently, a mixture composed of 20 ml of anaerobic buffer solution and 10 ml of ruminal 
fluid was added to each syringe. Blank (rumen fluid without sample) were run in triplicate in 
each series. Then, the syringes were placed into water bath which were automatically stirred at 
39°C. Gas production (GP) were measured the syringe at distinct incubation times (0, 1, 2, 4, 
6, 8, 12, 18, 24, 36, 48, 60, 72, 84, and 96 h). Total gas production were collected for blank 
incubation. Cumulative gas production data were fitted to model of Ørskov and McDonald 
(1979); 

y = a+b(1-e -ct) 
Where: a= the gas production from the immediately soluble fraction (ml), b= the gas production 
from the insoluble fraction (ml), c= the gas production rate constant for the insoluble fraction b 
(h), t = the incubation time (h), a+b = the potential gas production (ml), gas production at the 
time “t”. 

The effective degradability (ED) was calculated by ED (%) = (a+b/0.02)+c)/100. The 
organic matter digestibility (OMD) was calculated by OMD (%) = 16.149 + (gas24h*0.9042) 
+ (CP*0.0492) + (EE*0.0387) + (Ash*0.0387). Metabolizable energy (ME) content of the 
silage at 24 h (ME MJ/kg DM) was calculated using equation of Menke et al. (1979) as follows: 
ME (MJ/kg DM) = 2.2+ (0.136*gas24h) + (0.057*CP) + (0.002859*EE). Where GP = 24 h net 
gas production (ml/200mg), CP = crude protein and EE = ether extract. 

 
Statistical analysis 

Statistical analyses were performed using the Statistical Analysis System (SPSS). After 
analysis of variance (ANOVA), the differences between treatment means were compared using 
Duncan’s New Multiple Range Test (DMRT).  
 Results and Discussion 
 

Composition of enzymes used in this experiment prepared from the fermentation of 
dried tomato pomace by Aspergillus niger are shown in Table 1. There was a gradually 
increasing of cumulative gas production on 0-60 h after incubation time (Figure 1). Then, the 
gas production was quite stable from 72 h until the end of the incubation time (96 h). At 24 h 
incubation, the gas production was not significantly different among the treatment groups 
(Table 2). However, increasing enzyme levels tended to increase the total gas production at 96 
h (p = 0.0115). As can be seen from the result, the immediately soluble fractions (a) and the gas 
production rate (c) were not significant differences among treated silages. Gas production from 
slowly fermentable fraction (b), potential gas production (a+b) and effective degradability (ED) 
tended to increase with the increasing level of enzyme levels. Nagadi et al. (2000) suggested 
that the in vitro gas production is highly dependent on the availability of fermentable 
carbohydrate and nitrogen. This may cause by high in water soluble fraction that might be 
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degraded by a higher level of enzyme addition. The organic matter digestibility (OMD) were 
not different in all silages.  
 
Table 1 Enzymes composition and activities from Aspergillus niger incubated with dried  

  tomato pomace 
Composition                                                                                                                                                                      
Moisture content (%)                                                                                     6.57±0.63 
pH                                                                                                                  6.25±0.08 
Amylase activity (Unit/ g dry weight)                                                       55,658±9,836 
Protease activity (Unit/ g dry weight)                                                          3,706±1,021 
Cellulase activity (Unit/ g dry weight)                                                       46,144±13,079 
Xylanase activity (Unit/ g dry weight)                                                       34,299±9,085 
Total aflatoxin (µg/kg)                                                                                  1.42 
 
Table 2 Effect of enzymes addition to leucaena silage on in vitro total gas, effective  

  degradability (ED), organic matter digestibility (OMD) and metabolizable energy  
  (ME) 

  Cellulase Xylanase + Cellualse    SEM P-value Linear* 
  0.20%   0%   0.20%   0.40%   0.80%         
Total gas production             
24h (ml/200 mg DM) 24.02 a 21.08 ab 18.36 b 22.14 ab 21.04 ab 0.58 0.0861 0.5350 
96h (ml/200 mg DM) 36.49 a 31.91 bc 30.93 c 35.48 ab 35.19 ab 0.58 0.0455 0.0115 
Gas kinetics              
a 11.13  9.87  9.73  11.79  10.19  0.34 0.2824 0.4166 
b 42.96 a 39.58 ab 39.06 b 41.49 ab 42.91 a 0.47 0.0543 0.0039 
c 0.05  0.051  0.047  0.046  0.044  0.00 0.2960 0.1655 
a+b 54.08 a 49.46 b 48.78 b 53.28 ab 53.1 ab 0.62 0.0490 0.0080 
ED (%) 27.04 a 24.73 b 24.39 b 26.64 ab 26.55 ab 0.31 0.0490 0.0080 
OMD (%) 39.47 a 36.82 ab 34.35 b 37.78 ab 36.78 ab 0.52 0.0861 0.5350 
ME (MJ/kg DM) 6.59 a 6.29 ab 5.92 b 6.43 ab 6.28 ab 0.08 0.0861 0.5350  a-c Means with different superscripts within columns significantly differed (P<0.05). 

*Commercial cellulase enzyme. Cellualse + Xylanase enzyme from dried tomato pomace treated by Aspergillus 
niger. **Linear effect of cellualse + xylanase enzyme level. 
a = soluble fraction; b = insoluble fraction, but degradable; c = degradation rate of fraction; a+b = potential gas 
production. 
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Figure 1 Cumulative gas production (ml /0.2g DM) from in vitro fermentation of leucaena  

    silages added with enzymes 
 Conclusion 
 

The results of present study indicated that addition of xylanase and cellulase from dried 
tomato pomace produced by Aspergillus niger at 0.4% can improve the in vitro gas production 
of luecaena silage. 
 Acknowledgment 
 
 This study was financially supported by Rajamangala University of Technology Isan. 
 References 
 
Al-Wandawi, H, Abdul-Rahman, M. and Al-Shaikhly, K. 1985. Tomato processing waste as 

essential raw materials source. Journal of Agricultural and Food Chemistry 33:804-
807. 

Badhan, A.K., Chadha, B.S., Kaur, J., Saini, H.S. and Bhat, M.K. 2007. Production of multiple 
xylanolitic and cellulolytic enzymes by thermophilic fungus Myceliophthora sp. IMI 
387099. Bioresource Technology 98: 504-510. 

Bailey, M. J., Biely, P. and Poutanen, K. 1992. Interlaboratory testing of methods for assay of 
xylanase activity. Journal of Biotechnology 23: 257-270. 

Ballard, C.S., Carter, M.P., Tach, K.W.C, Sniffen, C.J., Sato, T., Uchida, K., Teo, A., Nhan, 
U.D. and Meng, T.H. 2003. Feeding fibrolytic enzymes to enhance DM and nutrient 
digestion and milk production by dairy cows. Journal of Dairy Science 86: (Suppl 
1):150. (Abstr.). 

Díaz, A.B., Caro, I., de Ory, I. and Blandino, A. 2007. Evaluation of the conditions for the 
extraction of hydrolitic enzymes obtained by solid state fermentation from grape pomace. 
Enzyme and Microbial Technology 41: 302–306. 

Hamlyn, P.F. 1998. Fungal Biotechnoly. British Mycological Society Newsletter, ISSN 1465-
8054. 

 



Proceedings of the 9th Rajamangala University of Technology International Conference   362 

RMUT Driving Innovation for Thailand 4.0  

Mandels M., Andreotti, R. and Roche, C. 1976. Measurement of accharify in cellulose. 
Biotechnology and Bioengineering Symposium 6: 21-33. 

Menke, K. H., Raab, L., Salewski, A., Steinggass, H., Fritz, D. and Schneider, W. 1979. The 
estimation of the digestibility and metabolizable energy content of ruminant feeding-
stuffs from the gas production when they are incubate with rumen liquor in vitro. The 
Journal of Agricultural Science 93: 217-222. 

Menke, K. H. and Steinggass, H. 1988. Estimation of energetic feed value obtained from 
chemical analysis and gas production using rumen fluid. Animal Research and 
Development 28: 7-55. 

Nagadi, S., Herrero, M. and N.S. Sessop, N.S. 2000. The effect of fermentable nitrogen 
availability on in vitro gas production and degradability of NDF. Animal Feed Science 
and Technology 87: 214-251. 

Ørskov, E. R. and McDonald, P. 1979. The estimation of protein degradability in the rumen 
from incubation measurements weighed according to rate of passage. The Journal of 
Agricultural Science 92: 499-503. 

Rodriguez-Couto, S. and Sanroman, M.A. 2006. Application of solid-state fermentation to food 
industry-A review. Journal of Food Engineering 76: 291-302. 

Sato, K. and Sudo S. 1990. Small scale solid state fermentation, pp. 61-79. In L. D. Arnold, and 
E. D. Jullian, eds. Manual of Industrial microbiology and Biotechnology. ASM press, 
Washington, D.C. 

Shah, A. and Madamwar, D. 2005. Xylanase production by a newly isolated Aspergillus 
foetidus strain and its characterization. Process Biochemistry 40: 1763–1771. 

Tapingkae, W., Yachai, M., Visessanguan, W., Pongtanya, P. and Pongpiachan, P. 2008. 
Influence of crude xylanase from Aspergillus niger FAS128 on the in vitro digestibility 
and production performance of piglets. Animal Feed Science and Technology 140: 125-
138. 

  
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 

 



Proceedings of the 9th Rajamangala University of Technology International Conference   363 

RMUT Driving Innovation for Thailand 4.0  

Optimization of Culture Condition for Biomass Production and 
Starch Accumulation of Cyanobacteria, Nostoc sp. 

 
Somrak Rodjaroen1,*, Sujaree Kaewkong1, Thirarat Kaewchamnong1, Usa Nuichan1 and 

Watcharee Kunyalung2 
 

ABSTRACT 
 

The cyanobacteria, Nostoc spp. has been investigated for its potential use as algal 
biomass in hydrogen production. In this work, we investigated cultivation media (CHU 
medium, Bold medium, BGA medium and BG-11 medium), K2HPO4 concentrations (0.00, 
0.02, 0.04, 0.06 and 0.08 g/L), NaNO3 concentrations (0.00, 0.75, 1.50, 2.25 and 3.00 g/L), pH 
(5, 6, 7, 7.4, 8, 9 and 10) and temperature (25, 28, 30, and 35C) effects on biomass production 
and starch accumulation of cyanobacteria, Nostoc sp., under laboratory conditions. Algal cells 
were grown at 28+1C under illumination at 60 mol photon/m2/s and shaken at 150 rpm on 
orbital shaker for 20 days. Nostoc sp. showed the highest biomass production and starch 
accumulation in BG-11 medium with added 0.04 g/L K2HPO3 and under other conditions of 
pH 8 and 28°C. The results of starch accumulation showed that the highest amount of starch 
was achieved without any addition of NaNO3 in BG-11 medium while biomass production was 
the highest at 2.25 g/L. These results should be taken into consideration when evaluating the 
biomass and starch value of these microalgae for hydrogen production. 
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Introduction 
 
 Cultivation microalgae could be an alternative process to produce biomass for a wide 
range of applications, including a human and animal food, and a possible way to obtain other 
products like proteins, carbohydrates, lipids, vitamins and pigments (Spolaore et al., 2006, Cai 
et al., 2007; Markou and Georgakakis, 2011). Studies of environmental factors that affect 
biomass production by microorganisms are essential since they contribute to understanding the 
control of metabolic activities and the optimising of yields. Temperature and pH are among the 
environmental factors that play a significant role in the metabolic activities of microalgae 
(Bhatia and Srivastava, 1995; Rafiqul et al., 2005). Many researchers have been developed for 
biomass production and starch accumulation by microalgae for hydrogen production 
(Kawaguchi et al., 2001, Kim et al., 2006; Rodjaroen et al., 2011). However, the wide use of 
microalgae hydrogen production is restricted by its high production cost. This problem could 
be solved by developing the process technologies in biomass production, carbohydrate content, 
extraction and so on (Kim et al., 2006; Rodjaroen et al., 2011). And the key to microalgae 
hydrogen production and industrialization is to increase the biomass productivity. 
 The aims of this work were to determine the biomass production and starch 
accumulation of Nostoc sp. grown on different of cultivation media, K2HPO4 concentrations, 
NaNO3 concentrations, pH and temperature. The final purpose was to evaluate the starch 
accumulation for use as biomass for hydrogen production 
 Materials and Methods 
 
1. Algae strain and culture condition  
 The cyanobacterial strain, Nostoc sp. was obtained from the Thailand Institute of 
Scientific and Technological Research (TISTR). It was preserved in BG-11 medium. Algae 
were inoculated at an initial concentration of 0.20 at OD1000 in 250 mL Erlenmeyer flasks 
containing 100 mL liquid medium (Wang et al., 2010). The culture flasks were incubated under 
stationary condition at an illumination of 60 mol photon m-2s-1 from cool white fluorescence 
lamps with a cycle of 12 h dark and 12 h light (Guan et al., 2004), and shaken at 150 rpm on an 
orbital shaker at 28+1°C (Kawaguchi et al., 2001; Kim et al., 2006). 
 
2. Optimization of cultivation conditions for biomass production and starch accumulation 

This experiment was set up to examine the effects of cultivation media on algal biomass 
and starch accumulation by Nostoc sp. Then, the physical factors (pH and temperature) and 
chemical factors (various concentrations of NaCl, K2HPO4 and NaNO3) were optimized.  

2.1. Effects of culture media on biomass production and starch accumulation  
The effects of cultivation media on biomass production and starch accumulation by 

Nostoc sp. was investigated with 4 cultivation media (as treatments) namely, CHU medium, 
Bold medium, BGA medium and BG-11 medium. This experiment was set up to study the 
physiological characterization of Nostoc sp. grown in various cultivation media. For algal 
calls, 200 ml culture medium in 500 ml flask was used and grown at temperature 28+1C and 
continuously shaken at 150 rpm on orbital shaker, and cultured under illumination at 60 mol 
photon m-2s-1 using cool white fluorescence lamps with 12 h dark and 12 h light cycles for 20 
days. The biomass (g) was collected for starch analysis (% DW).  
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2.2. Effects of K2HPO4 concentration on biomass production and starch 
accumulation  

To examine the effects of K2HPO4 concentrations at 0.00, 0.02, 0.04, 0.06 and 0.08 g/L 
in BG-11 medium (as treatments) on biomass production and starch accumulation, algal cells 
were cultured using the same cultivation conditions as explained in 2.1.  

2.3. Effects of NaNO3 concentration on biomass production and starch 
accumulation  

To examine the effects of NaNO3 concentrations at 0.00, 0.75, 1.50, 2.25 and 3.00 g/l 
in BG-11 medium (as treatments) on biomass production and starch accumulation, algal cells 
were cultured using the same cultivation conditions as explained in 2.1.  

2.4. Effects of pH on biomass production and starch accumulation 
To examine the effects of pH at 5, 6, 7, 8, 9 and 10 in BG-11 medium (as treatments) 

on production and starch accumulation, algal cells were cultured using the same conditions as 
explained in 2.1.  

2.5. Effects of temperature on biomass production and starch accumulation  
To examine the effects of temperature at 25, 28, 30, and 35C in BG-11 medium (as 

treatments) on production and starch accumulation, algal cells were cultured using the same 
cultivation conditions as explained in 2.1.  
 
3. Analysis 

Algal growth curves were monitored by spectrophotometer. The strains were sampled 
every 2 days for determination of cell growth by a spectrophotometer at OD1000. Algae were 
harvested at stationary growth stages. After 20 days of cultivation, algal biomass was 
determined as total dry weight. Starch accumulation was analyzed for glucose content using 
Kochert’s method (1978) after hydrolysis in 2M HClO4 for 2 h at 100C, using glucose (VWR 
International Ltd., England) as a standard. Percent dry weight was calculated as a percentage 
of starch per algal biomass dried weight. 

Statistical analyses were performed using SPSS for Windows version 12.0, using 
analysis of variance (ANOVA) and Tukey’s multiple comparison tests to examinees between 
different cultivation media, K2HPO4 concentrations, NaNO3 concentrations, pH and 
temperature. 

 Results and Discussion 
 

1. Effects of various media on biomass production and starch accumulation 
The results showed that cultivation of Nostoc sp. in BG-11 medium produced the highest 

biomass production and starch accumulation with significant difference (p<0.05) to CHU and 
Bold mediium but no significant difference to BGA medium. However, Bold medium 
cultivation gave the lowest biomass production with significant difference to others while BGA 
media was the lowest starch accumulation with significant difference to all medium (p<0.05), 
as shown in Table 1. Thippasuksri (2007) was reported that N. commune produced the highest 
biomass in CHU and BG-11 medium. Similarly, Mahakhant et al. (2006) reported that N. 
commune cultivated in BGA, BGA+N and BG-11 media produced the highest biomass 
production. Das and Sarma ( 2 0 1 5 )  were reported that Anabaena spiroides and Nostoc 
punctiformae were showed optimum growth on BG-11 Modified 5 culture medium. 
Nevertheless, other cyanobacterial strains provided similar results on the highest biomass 
production in BG-11 medium such as Oscillatoria sp., Synechocystis aquatilis and Anabaena 
sp. (Katircioglu et al., 2006) and N. muscorum (Panda et al., 2005). The advantage of BG-11 
medium is that it contains nitrogen source (but not in BGA medium) which is the limited factor 
for growth of all general algae (Peerapornpisal, 2006). 
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Table 1  Biomass production and starch accumulation of Nostoc sp. cultured in various   
   medium types for 20 days. 
 

Medium types Biomass  (g DW/L; Mean+SE) Starch (% DW; Mean+SE) 
CHU 0.25+0.01b 18.87+0.28b 
Bold 0.20+0.02a 18.07+0.36b 
BGA 0.27+0.01bc 11.81+1.51a 

BG-11 0.30+0.00c 30.66+0.58c 
Note: Means in the column followed by the same letters are not significantly different  
          as determined by means of Tukey’s multiple comparison tests (=0.05, n =3). 
 
2. Effects of K2HPO4 concentration on biomass production and starch accumulation 

As nitrogen and phosphorous are a limited factor for algal growth, the main chemical 
constituents in BG-11 medium, NaNO3 and K2HPO4, were investigated. The highest biomass 
production of Nostoc sp. was obtained at 0.04 g/L K2HPO4 concentration with no significant 
difference to that of 0-0.02 g/L and would decrease with increasing K2HPO4 concentration from 
0.06-0.08 g/L, as shown in Table 2. Similar to biomass production, starch accumulation was 
the highest at 0.04 g/L K2HPO4, which is a normal concentration in BG-11. The experimental 
result was different from Thippasuksri (2007) who found that N. commune grew well in 0.02 
and 0.09 g/L K2HPO4 concentrations in liquid BG-11 and CHU media, respectively. From other 
study, the optimum phosphate concentrations for D. salina and D. viridis growth were about 
0.02-0.025 g/L K2HPO4 and the algal growth was inhibited at higher concentrations (>5 g/L) 
(Borowitzka and Borowitzka, 1989). Furthermore, Panda et al. (2005) reported that N. 
muscorum was grown under phosphate deficiency. N. muscorum showed a rise in biomass 
production for the first 7 days and was able to maintain only up to 15 days. Finally, a complete 
death of the organism was evidently observed after 21 days. 
 
Table 2  Biomass production and starch accumulation of Nostoc sp. cultured in different 

   K2HPO4 concentration in BG-11 medium for 20 days. 
K2HPO4 (g/L) Biomass  (g DW/L; 

Mean+SE) Starch (% DW; Mean+SE) 
0.00 0.31+0.01b 13.63+1.27ab 
0.02 0.29+0.02b                 13.16+3.41a 
0.04 0.30+0.00b 30.66+0.58c 
0.06 0.21+0.03a     25.45+2.06abc 
0.08 0.17+0.01a   27.75+8.61bc 

Note: Means in the column followed by the same letters are not significantly different  
          as determined by means of Tukey’s multiple comparison tests (=0.05, n=3). 

 
3. Effects of NaNO3 concentration on biomass production and starch accumulation 

 
The highest amount of algal biomass was produced at 2.25 g/L NaNO3 concentration in 

BG-11 medium and was not significantly different to those at other NaNO3 concentrations 
(p≥0.05) (except at 0 and 3.00 g/L) as shown in Table 3. These results suggested that algal 
biomass decreased with increasing and decreasing K2HPO4 concentration to 0 and 3.00 g/L, 
respectively. These experimental results were not in accordance with Thippasuksri (2007) who 
found that N. commune produced the highest amount of biomass in BG-11 medium without the 
addition of NaNO3.  
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Table 3  Biomass production and starch accumulation of Nostoc sp. cultured in different 
   NaNO3 concentration in BG-11 medium for 20 days. 

NaNO3 (g/L) Biomass  (g DW/l; 
Mean+SE) Starch (%DW; Mean+SE) 

0.00 0.24+0.02ab 36.08+3.57b 
0.75               0.33+0.02c 32.77+2.23b 
1.50 0.30+0.01bc 30.66+0.58b 
2.25               0.34+0.02c 14.29+0.09a 
3.00 0.22+0.02a 12.41+2.19a 

Note: Means in the column followed by the same letters are not significantly different  
          as determined by means of Tukey’s multiple comparison tests (=0.05, n =3). 

 
The results of starch accumulation form these experiments showed the highest in BG-

11 medium without NaNO3 but no significant difference with 0.75 and 1.50 g/L NaNO3. This 
might be due to the decreased growth of algal cells and polysaccharide mucous matters, which 
are formed under stress condition, were observed. Therefore, this would increase the amount of 
starch accumulation in this experiment. These results suggested that 0.75 g/L NaNO3 in BG-11 
medium would be the optimal NaNO3 concentration for biomass production and starch 
accumulation by Nostoc sp. TISTR 8872. 

In general, cyanobacteria require the minimal nitrogen concentrations of 0.5-0.6 g/L 
(Vonshak, 1986). A shortage of nitrogen affects the reduced production of pigments. 
Consequently, this will reduce the photosynthesis process (Allen, 1969). Therefore, the amount 
of biomass produced is decreased.   
 
4. Effects of pH on biomass production and starch accumulation 

The experimental results showed that the highest amounts of biomass production and 
starch accumulation were obtained at pH 8 and pH 7.4, respectively (Table 4). The algal 
biomass production of Nostoc sp. significantly declined when pH reduced to 5 and increased to 
11. These results suggested that pH 8 would be the optimal for biomass production and starch 
accumulation by Nostoc sp. These experimental results were in agreement with Thippasuksri 
(2007) for that N. commune provided the high biomass in BG-11 medium of pH 7.5. Moreover, 
C. applanata exhibited wide tolerance at pH range of 3.4-8.4, with optimal growth obtained at 
7.4 (Visviki and Santikul, 2000). 

It has been shown by previous studies (Danesi et al., 2001) that the optimal growth 
temperature for S. platensis is between 30°C and 35°C, with 40°C definitely being deleterious 
to this cyanobacterium. However, Mahakhant (1998) reported that most freshwater algae could 
only survive in temperature range of 15-30°C and most of them could not survive beyond 35°C.  
As the results indicated, it could be concluded that the optimal temperature for Nostoc sp. 
TISTR 8872 cultivation was at 28°C under the conditions used in these experiments.  
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Table 4  Biomass production and starch accumulation in Nostoc sp. cultured in different pH  
   in BG-11 medium for 20 days. 

 
pH Biomass  (g DW/l; Mean+SE) Starch (%DW; Mean+SE) 
5 0.13+0.00ab 24.50+0.17c 
6 0.14+0.01ab 14.91+0.61a 
7 0.13+0.01a 19.95+1.35b 

7.4 0.21+0.02d 31.06+0.19d 
8 0.30+0.00f 30.66+0.58d 
9 0.25+0.01e 25.98+0.11c 
10 0.18+0.02cd 12.65+0.68a 
11 0.17+0.01bc 15.08+3.85a 

Note: Means in the column followed by the same letters are not significantly different  
          as determined by means of Tukey’s multiple comparison tests (=0.05, n=3). 

 
5. Effects of temperature on biomass production and starch accumulation 

The results are shown in Table 5. The biomass production and starch accumulation of 
Nostoc sp. at 28°C were the highest and without significant differences at 25°C (p>0.05), but 
significantly different (p<0.05) with that of 20°C. These results indicated the effects of 
temperature on biomass production and starch accumulation as also reported by Araujo and 
Garcia (2005) that temperature was the main factor influencing Chaetoceros cf. wighamii 
composition and higher lipid and carbohydrate were obtained at 20°C and 25°C than at 30°C.  
 
Table 5  Biomass production and starch accumulation in Nostoc sp. cultured in different  

   temperature in BG-11 medium for 20 days. 
Temperature (°C) Biomass  (g DW/l; Mean+SE) Starch (%DW; Mean+SE) 

20 0.16+0.02a 18.37+1.30a 
25 0.29+0.02b 28.72+0.49b 
28 0.30+0.00b 30.65+0.58b 
30 0.20+0.02a 24.51+2.63ab 

Note: Means in the column followed by the same letters are not significantly different  
          as determined by means of Tukey’s multiple comparison tests (=0.05, n=3). 

 Conclusion 
 

In conclusion, in order to achieve the highest biomass production and starch 
accumulation, Nostoc sp. was the best cultured in BG-11 medium with other chemical additions 
such as 0.04 g/L K2HPO3, 0.75 g/L NaNO3, and under other conditions of pH 8 and 28°C for 
the period of 20 days. 
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Effect of Mixed Enzyme Produced from Tomato Pomace 
by Aspergillus niger on Meat Quality Attributes of  

Broiler Chickens 
 

Benya Saenmahayak1*, Chalermpon Yuangklang1, Smerjai Bureenok1, Kraisit Vasupen1 and 
Sukanya Saithi2  
ABSTRACT 

 
 The influence of mixed enzyme produced from tomato pomace treated with Aspergillus niger (TP) in solid-state fermentation on meat quality of broiler chickens was assessed at 49 days of age. A total of 240 mixed-sex broilers (1-day old) were fed with corn-soybean meal diets with 6 inclusion levels of enzyme supplementation; 0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6% TP. The birds were arranged in a Completely Randomized Design (CRD; 4 replicates/treatment and 10 birds/pen). A 2-stage feeding program was provided to each treatment. At the age of 42 days old, birds were processed and chilled in static slush ice. Meat quality attributes (color, cooking loss, drip loss, tenderness and lipid oxidation) were determined on skinless breast fillets (30 fillets/treatment). Results indicated no differences (P>0.05) in color, cook loss, drip loss, and lipid oxidation because of dietary treatments. However, adding enzyme on top of the feed at 0.1% TP had increased (P<0.05) the tenderness of the meat compared to those fed control diet. The improvement is achieved through the lowest inclusion level of enzyme produced from tomato pomace treated by Aspergillus niger on meat tenderness.  
Keywords: Solid-state fermentation, By-products, Tomato pomace, Meat quality attributes, Broilers                    
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Introduction 
 

By-products is defined as leftover feedstuffs from agricultural industries. However, 
large amounts of industrial waste had been released to the environment, and required special 
treatment to dispose. The use of by-products as animal feedstuffs would reduce environmental 
pollutions and reduce the cost of feed production. Many of by-products have contained high 
level of mineral and trace elements. Those may have high potential to use as animal feed (Xu 
et al., 2007). Feed ingredients for broiler chickens are based on corn-soybean meal. However, 
the problem always occurs when birds fed those feedstuffs which contain high levels of non-
starch polysaccharides, the digesta viscosity increase and nutrient digestibility reduce. Enzymes 
has been introducing to the broiler diets to improve nutrient digestibility and increase the energy 
value of diets. The feed enzyme has greatly beneficial to reduce the excretion of those nutrients 
to the environment (Bedford et al., 2016). To increase value added of those agricultural by-
products, solid-state fermentation is one of the inexpensive methods to produce enzyme in 
which microbial growth and product formation occur on the surfaces of solid substrates. 
Various agricultural by-products such as tomato pomace is the leftover product from the tomato 
processing plant in Thailand. Tomato pomace contains various mineral and trace elements 
which needed for microorganism development. Aspergillus niger have been reported to be the 
main sources of cellulase, hemicellulase, pectinase and xylanase products on the non-starch 
polysaccharides including cellulose (Hamlyn, 1998). The objective of this study was to evaluate 
meat quality attributes (color, cooking loss, drip loss, tenderness and lipid oxidation) of broilers 
fed enzyme supplementation produced from tomato pomace by Aspergillus niger at 42 d of age.  Materials and Methods 
 
1. Feed preparation 
 The tomato pomace was separated and obtained from the processing plant in 
Northeastern part of Thailand. The pomace was dried until the moisture content reached 40-
60%. Then, the pomace was fermented with Aspergillus niger (1x107spores/mL) at 30ºC for 72 
hours. The enzyme activity of mixed enzyme produced from tomato pomace by Aspergillus 
niger is shown in Table 1. 
 
Table 1 Enzyme activity of enzyme produced from tomato pomace by Aspergillus niger 

 
Enzyme Enzyme Activity (Unit/g total substrate dry weight) 
Cellulase 123,164.70 
Xylanase 469,633.07 
Amylase 70,932.62 

Proteinase 7,409.85 
 
2. Dietary treatments 
 A total of 240 (1-day old) mixed-sex broilers were raised in an open-sided, naturally 
ventilated house with 24 floor pens to 42 day of age, pens bedded with new rice husk (4 
pens/diet; 10 birds/pen) using a two-stage feeding program. The starter feed was fed on days 1-
21, and the grower feed on days 22-42. Birds were fed ad libitum with six dietary treatments 
from tomato pomace treated by Aspergillus niger (TP): 1) Basal diet (control); 2) 0.1% TP; 3) 
0.2% TP; 4) 0.3% TP; 5) 0.4% TP, and 6) 0.5% TP. The proximate analysis of tomato pomace 
were measured dry matter and protein content according to the standard methods of AOAC 
(1995) (Table 2). Feed were formulated according to NRC (1994) recommendation. All birds 
were processed at 42 day of age. Breast fillet from 5 birds per pen were randomly selected for 
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meat quality attributes. Deboned breast fillets (skinless Pectoralis major muscle) were 
individually bagged and stored at 4ºC for meat quality measurements.  
 
Table 2 Composition of dried tomato pomace and dried tomato pomace treated by  

  Aspergillus niger 
 

Treatments Dry matter  
(DM, %) 

Crude Protein  
(% DM) 

Dried tomato pomace 93.6 19.9 
Dried tomato pomace treated with Aspergillus niger 95.0 24.5 

 
3. Color measurement 
 The left fillets were measured for color using a Portable Colorimeter (CR-410 Chroma 
Meter, Konica Minolta). The CIE system color profile of L* a* b* was used to express the 
lightness, redness, and yellowness values, respectively. The cranial breast area (3 
replicates/fillet, 30 fillets/treatment) were selected for color measurement and avoided obvious 
defects such as bruises and discolorations due to possible over-scalding during processing. 
 
4. Drip loss 
 Weight of individual right fillets (30 fillets/treatment) were recorded immediately after 
deboning, placed in plastic bags, stored for 24 h and 48 h at 4ºC, and then reweighed. Fillets 
were lightly blotted before re-weighing. Fillet drip loss (%) was calculated as the difference 
between deboned and stored fillet weights divided by deboned weight.  
 
5. Cooking loss 
 The right fillets were weighed and placed on a rack and then baked in an air-convection 
oven at 177ºC to attain an internal temperature of 77ºC. After fillets had been removed and 
cooled to room temperature, the fillets were weighed again and cooking loss was calculated as 
cooked fillet weight divided by raw fillet weight x 100 (Northcutt et al, 1994).  
 
6. Shear force 
 The cooked pieces of meat were cut to the size on each breast sample cylindrical metal 
that measures 1.25 cm in diameter to determine shear force of meat according to Bratcher et al. 
(2005), (Warner-Bratzler Meat Shear Apparatus/Brookfield Texture Analyzer). This apparatus 
measures the maximum strength in kg force. 
 
7. Thiobarbituric acid reactive substances (TBARS) 
 The breast meat samples (10 g) were homogenized with 30 mL of distilled water for 2 
min. The homogenate (2 mL) was then mixed with 4 mL of thiobarbituric acid/trichloroacetic 
reagent and 100 μL of 10% butylated hydroxyanisole in a glass test tube. The mixture was 
incubated for 15 min in a 100ºC water bath, allowed to cool in the cold water and centrifuged 
at 4,000 rpm for 10 min. The absorbance of the supernatant was then read against a blank 
containing the same reagents at 531 nm using a spectrophotometer. The TBARS values were 
calculated from a standard curve of malondialdehyde (MDA) and expressed as mg MDA/kg 
sample (Buege and Aust, 1978). 
 
8. Statistical Analysis 
 The data were analyzed by Statistical Analysis System (SPSS). All percentage data was 
transformed to arcsine values prior to analysis. The Tukey’s test was used to compare and 
separate means when main effects were significant (P<0.05). 
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 Results and Discussion  
 
 The effect of mixed enzyme produced from tomato pomace treated by Aspergillus niger 
on meat quality attributes is shown in Table 3. No differences on color (L*, a*, b*), drip loss, 
cook loss, and lipid oxidation (TBARS) were detected (P>0.05) due to dietary treatments in 
this study. Average pH of the meat was 6.13 (data not shown). The result was in the agreement 
with the study of Werner et al. (2009) and Zakaria et al. (2010), enzymes supplementation did 
not affect the different meat quality attributes such as pH, cooking loss, water holding capacity, 
and color which are manly affected by the haem concentration and cooking loss. However, 
tenderness (shear force) of the meat was increased (P<0.05) when birds fed 0.1% TP enzyme 
dietary treatment in the study. There was a numerical trend of improvement in cook loss and 
TBARS with enzyme supplementation from tomato pomace by Aspergillus niger compared to 
the control diets. On the other hands, according to Omojola and Adesehinwa (2007), the shear 
force was not significantly different (P>0.05) when birds fed exogenous enzyme. Despite the 
non-significance, indicating that less force was required to shear through the meat as the 
enzyme level increased. The reason for this effect of TP enzyme dietary treatment on meat 
tenderness is still unclear and needs further investigation. Tenderness is one of the most 
important quality attribute affecting meat acceptability. The meat tenderization is a 
multifactorial process depending on a number of biological and environmental factors (Quali, 
1990).  
 
Table 3 The effect of mixed enzyme produced from tomato pomace treated by  

  Aspergillus niger on meat quality attributes 
 

Factors 
Color Drip loss (%) Cook 

loss  
(%) 

Shear 
force  
(kgf) 

TBARS  
(mg MDA/ 
kg of meat) L* a* b* 24 h 48 h 

 NS1 NS NS NS NS NS * NS 
Control 63.43 6.51 15.80 0.87 0.65 28.17 2.72a 1.55 
0.1%TP 64.75 6.37 14.44 0.96 0.46 22.48 1.89b 0.89 
0.2%TP 63.23 6.80 14.67 0.73 0.51 25.69 2.54a 1.41 
0.3%TP 62.14 6.42 15.14 0.68 0.54 24.08 2.33ab 0.99 
0.4%TP 62.31 6.54 14.51 1.58 0.74 26.93 2.43a 1.01 
0.5%TP 62.24 6.22 12.29 1.01 0.70 23.84 2.43a 1.23 
SEM2 1.343 0.635 0.846 0.344 0.126 2.961 0.126 0.232 

1Not significant (P>0.05); 2SEM = Pooled Standard Error of the Mean;  
abcMeans within a column with difference superscripts differ significantly;  
*(P<0.05) 
 Conclusion  
 
 The application of mixed enzyme produced from tomato pomace by Aspergillus niger 
may affect on meat quality attributes of broiler chickens. The improvement may be achieved 
through the lowest inclusion level of enzyme (0.1% TP) produced from tomato pomace treated 
by Aspergillus niger on meat tenderness. 
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Isolation and Screening of Acetic Acid Producing Microorganisms 
from Fruits in the Northeastern Region (Isan) of Thailand 

 
Nittaya Pitiwittayakul1*, Yaowapa Kwamman1 and Smerjai Bureenok1  

ABSTRACT 
 

 Acetic acid bacteria are Gram negative aerobic bacteria capable of oxidizing ethanol to acetic acid.  They are used in the industrial production of vinegar.  Moreover, this group of bacteria is also used in cellulose production. The aim of this study was to isolate acetic acid bacteria from several kinds of local rotten fruits in Nakhon-Ratchasima province, the northeastern region of Thailand. Glucose Ethanol Yeast extract (GEY) broth supplemented with 5% ethanol was used as an enrichment medium. Sixteen isolates were obtained from 10 varieties of fruits; Rambeh, Java plum, Monkey jack, Mulberry, Korlan, Gold apple, Cashew nut, Flacourtia indica (Burn.f.) Merr and Polyalthia cerasoides (Roxb.) Benth. ex Bedd. All isolates are capable of producing acetic acid as show the halo zone on the selective Glucose/ Ethanol/ Calcium carbonate Agar (GECA) medium containing 5% ethanol. Eleven isolates 
were obtained when incubated at 37C and five isolates were obtained when incubated at room 
temperature. All isolates are Gram negative and microscopic observation of the strains showed rod small round shape. In addition, one isolate obtained from cashew nut could produce cellulose.  Keywords: Acetic acid bacteria, Cellulose production, Local rotten fruits, Vinegar                        
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Introduction  
 

Acetic acid bacteria (AAB) belong to the family Acetobacteraceae of the Alphaproteobacteria (De Ley et al., 1984; Sievers et al., 1994). They are obligate aerobic Gram-negative bacteria, which are commonly widespread in nature such as fruit, flower, honey, sugarcane, fruit juice, soil and water (Maal and Shafiee, 2010; Sharafi et al., 2010). AAB are important microorganisms in food industry because of their ability to oxidize many types of sugars and alcohols to organic acids as end products during fermentation process. Therefore, these AAB are widely applied for vinegar production. Furthermore, these bacteria can produce some polysaccharides such as cellulose, apart from acetic acid (Hibbert and Barsha, 1931). Thailand is a tropical country with a large biodiversity of fruits and microbial resources. This is a good source for isolation of acetic acid bacteria. This research, we aimed to isolate AAB from local rotten fruits in Nakhon-Ratchasima province, the northeastern region of Thailand.  Materials and Methods 
 
Sample collection and isolation of AAB: Different rotten fruits (Rambeh, Java plum, Monkey jack, Mulberry, Korlan (Nephelium hypoleucum), Gold apple (Diospyros decandra Lour.), Cashew nut (Anacardium occidentale L.), Flacourtia indica (Burn.f.) Merr, Polyalthia cerasoides (Roxb.) Benth. ex Bedd.) were collected from several local places in Northeastern region of Thailand for isolation of acetic acid producing microorganisms. Some pieces of rotten fruits were submerged in Glucose Ethanol Yeast Extract (GEY) broth containing 5% ethanol 
and incubated at room temperature or 37C for 7-10 days. Afterwards, the samples were streak-
plated on Glucose Ethanol Calcium carbonate Agar (GECA) media containing 5% ethanol and 
incubated at room temperature or 37C for 2-3 days. This selective media normally shows halo zone around organism’s colony if the organism is capable of producing acetic acid. Suspected acetic acid bacteria isolated from selective medium were further identified by morphological characters of colonies. Gram staining was performed.  
Results and Discussion 
 
AAB were successfully isolated from several kinds of local rotten fruits (Figure 1). All colonies were screened on the basis of their morphological and cultural properties. 

  
Figure 1 Several local rotten fruit samples were collected at Nakhon-Ratchasima for isolating  

   acetic acid bacteria for vinegar and cellulose production 
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All sixteen isolates were primarily screened and detected as AAB because they produced halos 
zone around their colonies in the selective GECA medium. As incubation condition at 37C, 
four isolates were obtained from Rambeh. Three isolates were obtained from Lakoocha or 
Monkey jack. Each one isolate was obtained from these local fruits; Java Plum, Mulberry, 
Korlan and gold apple. In case of incubation condition at room temperature, two isolates were 
obtained from Flacourtia indica (Burn. f.) Merr. Each one isolate was obtained from different 
local fruits as follows: Polyalthia cerasoides (Roxb.) Benth. ex Bedd, Oxyceros horridus and 
cashew nut. (Table 1). All isolates are Gram negative and showed rod small round shape. 
Klawpiyapamornkun et al. (2015) obtained ninety-nine isolates of AAB from various kinds of 
fruits and fermented fruit juices from the northern and eastern areas in Thailand. Diba et al. 
(2015) also screened and isolated AAB from various decomposed fruit available in Bangladeshi 
local markets. They have successfully isolated 15 Gram negative bacterial acetic acid producing 
bacteria. In addition, we found that one isolates from cashew nut is able to produce bacterial 
cellulose (Figure 2). According to Neera et al. (2015), cellulose producing bacteria were 
isolated from fruit samples such as apple, mango, banana, orange, watermelon and kombucha 
tea. Six bacterial strains showing cellulose production were identified as Komagataeibacter 
xylinus, K. oxydans, Acetobacter orientalis and K. intermedius. Two hundred and four strains 
of biocellulose (BC)-producing AAB were isolated from 48 rotten tropical fruits collected in 
Thailand (Suwanposri et al., 2013). The results supported that tropical fruits collected in 
Thailand are a rich source of bacterial cellulose producers.  
Table 1 Acetic acid bacterial strains isolated from fruit samples 

Source Isolation temperature Total of isolates 
Rambeh (Baccaurea ramiflora) 37C 4  
Java Plum (Syzygium cumini) 37C 1 
Lakoocha or Monkey jack (Artocarpus lacucha) 37C 3 
Mulberry (Morus alba Linn.) 37C 1 
Korlan (Nephelium hypoleucum) 37C 1 
Gold apple (Diospyros decandra Lour. ) 37C 1 
Cashew nut (Anacardium occidentale L.) Room temperature 1 
Flacourtia indica (Burn. f.) Merr Room temperature 2 
Polyalthia cerasoides (Roxb.) Benth. ex Bedd Room temperature 1 
Oxyceros horridus Room temperature 1 
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 Figure 2 Cellulose producing acetic acid bacteria isolated from cashew nut 
The further study is required to use genomic methods such as 16S rRNA sequencing in 
combination with phenotypic and chemotaxonomic test for AAB identification. Moreover, 
characterization of acetic acid production and cellulose production will be performed. 
 Conclusion 
 

This present study also showed that AAB are associated with various kinds of local fruit 
which supported the view that local fruits are also good source for AAB isolation.   
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