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Abstract 

Design and testing of resistive heating system for cane juice has been done and 

showed performance heating process in cane juice.  This performance test was 

done in an experiment under completely randomized design at three levels of 

temperature in recomended voltage or 25 V/cm.  Heating temperature at three 

levels: 40°C, 50°C and 60°C  with 3 replications.  According with electrical 

properties of cane juice and Ohm law showed, the design system absorb 

electrical power 300 – 330 Watt.  The capacity of the system 100 ml of cane juice, 

has a diameter of 40 mm and a length of 100 mm.  Heating performance in 

resistive heater showed faster than conventional or electrical heater. Lowering 

the temperature setting, reduce of electrical current. The resistive heater was 

succesfully applied to cane juice heating process.  It can be applied for the other 

liquid materials with electrical conductivity 4 – 5 millisiemens per centimeter 

(mS/cm). 
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1. INTRODUCTION 

Ohmic heating is a part of a food 

preservative method which applies an 

alternating electrical current is passed into 

material (Vicente et al., 2006; Goullieux, 

2005). The ohmic heating rise up heat deep 

inside the material or product (Imai et al., 

1995). The Joule effect impact to the heat 

generating within the material because of 

internal energy transformation from electric to 

the thermal (Sastry, 2005). Then, electrical 

conductivity is the essential variable 

determining the heating rate during 

introducing ohmic heating. Usually, water 

content increase the electrical conductivity.   

The ohmic heating technology has a 

potential technology for the future food 

preservative technology due to have a same 

purpose food preservative technology such as 

evaporation, dehydration, fermentation and 

extraction (USA-FDA, 2000) or others such as 

sterilization, pasteurization and heating (Sastry 

et al., 2009). The ohmic heating has a benefit 

to produce uniformly heat distribution than 

othe electro heating technique (Gavahian et 

al., 2011). It believes a potential towards 

controlled modification food texture. Applying 

guava fruits with alternating current 100 V 

improved juice extraction yield although some 

off flavor was reported (Srikalong et al., 

2011). 

Design ohmic heating for specific 

purpose to enhance food processing can be 

applied into pasteurization process. As 

Indonesia is a candidate as a largest sugar cane 

production due to agricultural system, huge 

cultivation areas and farmers. Sugarcane 

consumption was calculated about 4.2-4.7 

million tons per year (Departemen 

Perindustrian, 2009). However, sugar cane 

manufacturers face some problems related to 

the productivity such as from sugarcane nectar 

quality. Worse sugarcane nectar affect to the 

sugarcane crystallization processing that 

impact to the lower productivity. Sugarcane 

nectar or sugarcane juice is naturally 

fermented after 4 hours which followed a 

lowering acidity (Laksamahardja, 1993).      

This research was aimed to design the 

ohmic heating pasteurization equipment on 

laboratory scale with emphasized to calculate 
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the dimension of scale and calculate the ohmic 

heating design performance. Sugar cane nectar 

is used to identify the optimum voltage 

absorbing. 

2. MATERIAL AND METHOD 

2.1 Place and Time 

Ohmic heating assembly and 

performance test was done at Lastrindo 

Engineering Laboratory, Malang, East Java. 

The research was prepared from April 2016 

and accomplished on September 2016. 

2.2 Materials 

Ohmic heating equipment was composed 

from acrylic, data logger, thermostat, 

thermocouple, circuit break and control panel. 

Then, sugarcane nectar was used as a material 

for measuring the ohmic heating performance.  

2.3 Ohmic heating equipment design 

Pasteurization equipment was designed 

using an autocad 2010 program. The 

pasteurization equipment was divided into 

three parts as column structure, ohmic heating 

tube and control panel. Thus, the control panel 

was embedded power button and temperature 

control. The power button was functioned as 

an electricity break and temperature control 

was functioned for pasteurization setting 

point. The ohmic heating pasteurization design 

was showed below.  

 

Figure 1. Physical ohmic heating 

pasteurization design.  

Tube dimension was determined using 

the equation that developed Sastry and 

Salengke (1992). 

                            (1) 

 1/R is an electricity conductance which 

equal to electricity current (I) and voltage 

gradient (V) ratio. The equation (1) can be 

arranged,  

 or      (2) 

 Then, an ohmic heating tube can be 

determined via figure out R and ρ value. Then, 

an equation to determine R value can be 

explained below. 

  or              (3) 

P is a power (watt), V is a voltage (volt) 

and R is a resistance (Ω). Hence, ρ is a 

reciprocal function of conductivity that 

showed on the equation below.  

                                      (4) 

 is a material specific mass (m/S),  k is a 

material conductivity (S/m). From the 

equation (3 and 4) can be constructed an 

ohmic heating tube dimension. 

                                 (5) 

L is a tube length (m), A represents a 

tube area (m
2
). So, applying equation (5) 

resulted ohmic heating tube design.  

 

Figure 2. Ohmic heating tube 
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 Figure 3. Ohmic heating automatically relay 

system design  

Automatic system was designed to 

maintain the temperature ohmic heating 

performance that be conditioned to the 

pasteurization process. Basically, the material 

temperature achieved a set point temperature 

will break electricity supply and heating 

process. On the other hand, decreasing 

temperature will activate the electricity and 

heating supply. The automatic ohmic heating 

pasteurization system diagram was applied 

using Eagle software. 

 

2.4 Ohmic Heating Performance Test 

 

Ohmic heating pasteurization instrument 

performance was tested to the pasteurization 

parameters into some steps measurement. This 

research applied in four (4) voltage level as 

160 V, 200 V, 240 V, and 280 V at 

temperature setting point 60
o
C. Research 

variables were measured using a different 

instrument such as current and voltage using 

datalogger whereas temperature and time were 

using thermocouple and stopwatch. Ohmic 

heating efficacy was determined using 

equation 6 below.  

 

η = x 100%    (6) 

3. RESULTS AND DISCUSSION 

Ohmic Heating Pasteurization Instrument 

Physical Model Design 

Ohmic heating instrument for sugarcane 

nectar pasteurization was designed to 

pasteurize sugarcane nectar and keep 

maintaining the natural nutrition ingredients 

due to lower temperature process. The ohmic 

heating was designed into two main parts i.e 

ohmic heating reactor tube and control box 

system.  

Ohmic heating tube is a vessel that 

designed for pasteurization process by 

electricity current absorbing to the material. 

The tube was made from acrylic with 5 cm 

diameter and electrodes distance was 28 cm. 

Then, a box control system is functioned to 

control the temperature and time process when 

the pasteurization is being applied. The box 

material was produced from stainless steel in 

15cm x 5 cm x 20 cm dimension. The physical 

model of the ohmic heating pasteurization 

represented in  Figure 4. 

 

 

Figure 4. The Ohmic Heater  

The physical design resulted stainless 

steel high quality is used for a amin material 

design (Stancl dan Zitny, 2010). Then, a 

lubaric pipe is used for liquid (sugarcane 

nectar) place during pasteurization. The 
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electrodes was applied to conduct the 

electrical current passed through the product 

(Icier et al., 2005). Both of the electrodes were 

constructed on collinear due to suitable high 

conductivity material (sugarcane nectar = 5,8 

mS/cm). A larger area design provides 

unlimited electrical current and uniformity 

(Sakr et al., 2014).  

CONCLUSION 

The ohmic heating pasteurization design 

with a 100 ml sugarcane nectar can minimized 

the off quality during pasteurization process. 

The sugar cane nectar conductivity is suitable 

for pasteurization purpose. The lowest 

conductivity must be 4 mS/cm to get an 

optimum ohmic heating pasteurization 

performance. 
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