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ABSTRACT

The effect of ohmic heating on processing of soymilk in comparison to
conventional process was studied. For this an ohmic heating system was setup to
serve the heating process. The body of ohmic heating system was made up of food
grade Polycarbonate material of diameter of 95 mm and height of 75 mm. Soymilk
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heating for cooking soybean in soymilk preparation can reduce the energy
consumption and increase the capacity of the existing system. The cost of ohmic
heating system will be less than that of steam boiler.

Introduction

Ohmic heating is an alternative and advanced
thermal processing method in which heat is
internally generated by the passage of
alternating electrical current (AC) through the
food system that serves as an electrical
resistance. The success of ohmic heating
depends on the rate of heat generation in the
system, electrical field strength, the electrical
conductivity of the food, residence time and
the method by which the food flows through
the system. OH seems to allow obtaining
value added products of a superior quality

without compromising food safety (Parrot
1992; Castro et al., 2003; Tucker 2004;
Pereira et al., 2007). Because the energy is
almost entirely dissipated within the heated
material, there is no need to heat intervening
heat exchange walls — thus the process has
close to 100% energy transfer efficiency
(Salengke, 2010). Novel thermal and non -
thermal processing technologies based on
physical techniques for food preservation
have the potential to address the demands of
the consumer and deliver high quality
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processed foods with an extended shelf life
that are additive free and have not been
subjected to extensive heat treatment. In case
of processing of soymilk, heating is required
to inactivate the enzymes which inhibit the
activity of trypsin. Soaked soybean is ground
in the form of slurry and then boiled to around
15 minutes. Generally soymilk contains
around 7-8% total solids in it. Besides being
rich in protein, vitamins and minerals,
soymilk is a very economical, lactose free,
highly digestible and nutritious alternative of
dairy and meat centred diet. Heat treatment by
conventional method destroys pathogens and
spoilage of microorganisms but causes
nutrient loss and flavour deterioration the
juices due to high temperature and long-time
of processing.

Materials and Methods
Materials and equipments required

The various materials required for undergoing
this experimental work were freshly soybean.
The equipment used were ohmic heater,
ammeter, voltmeter, thermometer, scale,
electronic balance, tray Dryer, pH meter,
refrigerated centrifuge, vacuum oven and
weighing balance.

Ohmic heating system for liquids

In order to undergo the ohmic heating of
liquids an ohmic heating system was setup to
serve the purpose. The experimental device
consisted of a power supply, voltmeter,
ammeter and a temperature indicator. The
body of ohmic heating system was made up
of food grade Polycarbonate material of
diameter of 95 mm and height of 75 mm. The
top and bottom electrodes for ohmic heating
system were made of Stainless Steel. The
thickness of stainless steel electrode was 5
mm. A stand was specially designed and
made up of a height of 600 mm with tilting
mechanism for ease of operation. A

temperature indicator was inserted into the
geometric centre of the cell. The temperature
at the centre of the sample was used as the
representative value, and was assumed to be
spatially uniform because of its small size.
The sample was sandwiched between two
electrodes in the test cell. End caps, fitted
with high grade stainless steel electrodes were
held in place using aspring-loaded system
which also served to prevent leakages.
Current and voltage applied were monitored
with ammeter and voltmeter, respectively.
Current and temperature readings were noted
at every 10 second intervals. This allowed
real-time calculation of the total power input
to the sample at any given time (Kulshrestha
and Sastry, 2006; Shirsat et al., 2004).

Ohmic heating of soybean

Soymilk processing through conventional
process

The amount of raw soybean used for
processing in the experiment was 2kg.The
soybean were first soaked for 4 hours. The
weight of the soaked soybean was then found
out (Fig. 2).

The soaked soybean were then placed in
grinder cooker with 12 litres of water.
Cooking of soybean slurry was done by
passing steam from the boiler which is
attached to the grinder cooker. Grinding takes
place in the grinder cooker. Once the grinding
and cooking operation of the mixture is
completed it is passed into the de-odorizer.

As the name itself suggests, the de-odourizer
removes the unwanted odour from the
mixture. Finally after de-odourisation the
milk formed is filtered through filter press.
The semi- solid residue remaining is known
as okara. It can also be used for making many
products such as badi, etc. Generally 14 litres
of milk and 4 kg of okarais obtained from 2
kg raw soybean.
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Soymilk processing through ohmic heating

The amount of raw soybean used for
processing in the experiment was same as that
used in the conventional process that is 2 kg.
The soybean was first soaked for 4 hours. The
weight of the soaked soybean was then found
out. The soaked soybean along with 5 litres of
water was ohmically heated in an ohmic
heating set up used for liquids. The ohmic
heating set up used for heating soybean slurry
was made up of food grade Polycarbonate
material of a diameter of 270 mm and a height
of 350 mm (Fig. 1 and 3).

The top and bottom electrodes for ohmic
heating system were made of Stainless Steel.
A temperature indicator was inserted into the
geometric centre of the cell. The temperature
at the centre of the sample was used as the
representative value.

End caps, fitted with high grade stainless steel
electrodes were held in place using aspring-
loaded system which also served to prevent
leakages. Current and voltage applied were
monitored with ammeter and voltmeter,
respectively. The electric field strength used
was 7.33 V/cm.

The completion of ohmic heating was tested
by taking a small amount of sample for
enzyme deactivation. A drop of urea on the
small amount of sample indicates enzyme
deactivation. If the indicator decolourised it
indicated enzyme deactivation and hence
completion of ohmic heating. The ohmically
heated and cooked soybean slurry was then
passed through cooking grinder for
undergoing grinding operation. The ground
sample was then passed through the de-
odourizer for removing the unwanted smell.
Finally soymilk was obtained by passing it
through filter press. The residue obtained is
known as okara. In this process also generally
14 litres of milk and 4 kg of okara is obtained.

Results and Discussion
Processing soymilk by ohmic heating

In conventional method, soaked soybean is
ground in required water and the slurry is
heated by injecting steam from a boiler.
Soymilk  samples were prepared by
conventional process and compared with
ohmically cooked soymilk.

In the new process, soaked soybean was
cooked in ohmic heating system. The soaked
soybean was dipped in 5 litres of water and
electric current of 3 A to 17 A was passed.
Electric field strength of 7.33 V/cm was used.
The temperature of the water and soybean
was 25°C and this was heated to around 98°C.
The temperature was maintained for 15
minutes (Fig. 4).

After this the grains along with water were
shifted to grinder. Remaining water (8 litres)
was added and grinding was performed. After
this de-odourisation and filtration were
carried out in the same fashion as was done
for conventional method. Soymilk samples
were obtained.

No appreciable difference in the quality of
soymilk was observed due to ohmic heating.
The samples prepared by conventional
method and new method were at par with
respect to proximate composition. Even the
colour and pH were found to be more or less
similar.

Table 1 shows the various parameters tested
by using Lacto scan Milk analyser. The table
clearly indicates that soymilk prepared by
conventional method and new method was at
par with respect to proximate composition.

Time required in case of complete processing
of soymilk by ohmic heating was observed to
be less as compared to conventional process
(Table 2).
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Fig.1 Schematic diagram of the ohmic heating system
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Fig.3 Ohmic heating system used for soybean
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Fig.4 Flow chart showing the experimental procedure carried out during the ohmic heating
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Table.1 Proximate composition of Soymilk prepared by ohmic heating and conventional Process

Parameters Contents (%)
Soymilk  processed by | Soymilk processed by Ohmic
Conventional process heating
Fat 1.29 1.31
SNF 4.39 4.75
Density 15.49 17.10
Protein 1.68 1.85

Table.2 Time and energy consumption for soymilk processing

Conventional process of | Ohmic heating of soybean
making soymilk (using | soaked in water
LPG fired boiler
Process time for one batch 45 minutes 30 minutes
Energy used in one batch 500 g LPG 1.5 kWh (@ Rs. 6/kWh)
(Rs. 40/- commercial | (Rs. 9 for electricity)
LPG supply)
Batch: 14 liters of milk from 2 kg soybean

The electrical conductivity increased linearly
with increasing temperature.

Electrical conductivity was also dependent on
electric field strength but comparatively lesser
than temperature.

Ohmic heating rate was dependent on the
electric field strengths used. Ohmic heating
rate decreased with increase in electric field
strength.

In conventional heating of particulate foods
significant quality damage may occur due to
slow conduction and convection heat transfer
while ohmic heating volumetrically heats the
entire mass of the food material, thus the
resulting product is of far greater quality.

Over cooking of foods occur at the outside of
the particles in case of conventional heating
whereas ohmic heating causes no such
damage to the food product. In conventional
process integrity of particles is not maintained
while lack of agitation in the ohmic heater

maintains the integrity of particles and it is
possible to process large particles (up to 2.5
cm) that would be damaged in conventional
equipment.

We can see from our present study that
conventional process takes comparatively
longer time for heating of foods.

The results indicated good potential of the
ohmic heating system for thermal processing
of soymilk.

Thus, finally it can be concluded that ohmic
heating can be used as an alternative for
processing of liquid and particulate foods.
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