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ABSTRACT

Ohmic heating takes its name from Ohm’s law: The food WaterialSwitched be lectrodes has a role
of resistance in the circuit. Ohmic heating is an alte

was aimed to design a laboratory scale ohmic h g system

electrical conductivity of sweet lime juice with tefli@erature and the effect of ohmic he

physicochemical properties like pH, TSS, % aci i t, of the sweet lime juice, was

; Sweet lime juice; pH, Acidity, Ascorbic

le heating, electric resistance heating or electro-conductive

at most food product though has electrical conductivity but

> In ohmic heating the food itself acts as conductor of electricity

and it is the food th es the current value that flows between the ground and electrodes.
Heating occurs when cli#ent is passed through a food due to internal heating caused by electric
resistance offered by tHe food. In ohmic heating foods are made part of an electric circuit through
which alternating current is passed. The main advantage of ohmic heating is the rapid and
relatively uniform volumetric heating in which we can use large size heating tubes with lower
shear rates and it allows the heating of fragile particles. Electrical conductivity is the main
parameter in ohmic heating and for purely liquid foods. Ohmic heating is distinguished from
other type of electromagnetic heating like microwave and inductive heating in the fact that food
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product physically comes in contact with food thus we can term ohmic heating as ‘direct ohmic
heating’.

The present research entitled “Design, fabrication and performance evaluation of ohmic
heater” was carried out at Sam Higginbottom Institute Agriculture, Technology and Sciences,
Allahabad-211007, Uttar Pradesh. The materials for the research were collected from local
markets. Cylindrical Stainless Steel Body, Electrode, thermometer, Ammeter, Voltmeter,
Voltage Regulator, Tap (valve).

2. MATERIAL AND METHOD

2.1 Sample preparation

mass’s.

2.2 Design of ohmic heater
h which two stainless steel
g total sample capacity of
arge of liquid sample into
n coating having 0.25 m gap
voltage regulator (0-250V) from

where o is the elec ondpictivity (S/m) L is the gap between two electrodes (m); A is the
cross section area of t trodes (m2), the ratio of L/A is known as the cell constant of the
ohmic heating unit angAts value is 157.232 m~! when filled to a volume of 320 ml. R is the
resistance of the sample (Q2), determined from the voltage (V) and current ().

2.4 Testing of ohmic heater
Experiments were carried out with 1.5% NaCl solution at different voltages (20, 30, 40 and 50
V) to verify the apparatus
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Fig. 18I Design at May8

2.5 Measurement hysicocf Prope

The knowledge jcochemica perties is fundamental in comprehending the processing

technique. It is an i r of many er pgrameters as well as the quality of foods. The
ohmic hedt@@8Weet lime juice were observed after treatment at

eated juice was measured using a digital pH meter.

2.5.2 Total Soluble S

TSS was determined g a hand refractometer. A drop of juice was placed on the plane surface
of the refractometer, and the corresponding TSS value was noted down. The TSS is expressed in
°brix.

2.5.3 Acidity (%)
Acidity (%) was estimated using standard AOAC method, 90 ml of distilled water was taken and
10 ml sample was mixed in a 250 ml conical flask. Then 50 ml of 0.1N of NaOH was taken in a
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burette and started titration till got the end point. It was shaken vigorously during titration till end
point from colorless to light pink came. (Ranganna, 1990).

V x N x 80 x100
w

% Acidity =

Where, V = volume of 0.1 N NaOH, W= weight of sample, N = normality of NaOH

2.5.4 Vitamin C

Vitamin C was determined using 10ml of the processed sweet Lgi&juice was measured with a
pipette into 100 ml of volumetric flask and diluted to the m HPO3zand mixed
thoroughly and then filtered. After that 10ml of filtrate w

with the standard dye to a faint pink end point persistg for 1

Ascorbic acid mg/100g = EX VX V,38100/V,%x W

Where: E = ascorbic acid equivalent of the I of the indicator used in the
titration, V1 = volume to which the juice is dilutech rate taken for the titration,
W = initial volume of the juice t3 e determination

3. RESULTS AND D|&

Derature and electrical conductivity of

Ine the electrical conductivity of sweet lime juice. The
5 m and distance between the electrodes was kept 0.25 m.
30-60 V. The electrical conductivity of sweet lime juice was

changes in electrica Ivity of sweet lime juice with temperature during ohmic heating at
four different voltage Jfadients are given in Fig. 2. Electrical conductivity increased with
temperature, as is expected and consistent with literature data (Kumar et al., 2011; Icier et al.,
2008; Darvishi et al., 2011; Kemp and Fryer, 2007; Icier and Ilicali, 2004,2005a; Amiali et al.,
2006; Castro et al., 2004). Icier and llicali (2005a) reported that the increase in the electrical
conductivity values with temperature has been explained by reduced drag for the movement.
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Fig. 3 Changes in Electrical Conductivity of 1.5% NaCl Solution with Temperature

3.3 Change in pH of Ohmic Heated Sweet lime juice at various voltages
Initially, the pH of the fresh juice was observed as 4.16, whereas after ohmic heating at various
voltages 30V, 40V, 50V and 60V the pH was observed to be 4.30, 4.24, 4.20 and 4.22
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respectively. It was observed that the pH decreased with increase in voltage gradient. During
ohmic heating, hydrolysis of juice occurs which can affect and alter the pH. The change in
voltage gradients and continuous heating causes corrosion of electrodes which accounts for
change in pH. The pH values of the ohmic heated juice at various voltage gradients are shown in
Table 3.1. Relationship between pH % and Voltage as shown in Fig. 4

Table 3.1: Change in pH of Ohmic Heated Sweet lime juice at various voltages

Voltage(V)
60

50

40

30
0

Votage(V) vs pH

60 50 40 30

Voltage (V)

i¥” 4 Relationship between pH % and Voltage

3.4 Change in Total Soluble Solids (°brix) of Ohmic Heated Sweet lime juice at various
voltages
Total soluble solids can be defined as the amount of sugar and soluble mineral salts present in
the fruit juice. The initial TSS of the fresh juice was observed as 7.5 °brix. The TSS was
observed to increase with increase in voltage gradient. The TSS of the sweet lime juice ohmic
heated at various voltages 30V, 40V, 50V and 60V was observed to be 7.55 °brix, 7.6 °brix 7.7
°brix and 7.8 °brix respectively at various voltages. The probable reasons for increase in TSS can
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be the conversion of organic acids to sugars through gluconeogenesis. The degradation of
cellulose, hemicellulose and pectin releases soluble components which affects the TSS. Table 3.2
shows the value of TSS of the ohmic heated sweet lime juice at various voltages. Relationship
between TSS and Voltage as shown in Fig. 5

Table 3.2: Change in Total Soluble Solids (°brix) of Ohmic Heated Sweet lime juice at various

voltages
A
Voltage(V) Tss(°brix)

60
50
40
30

0

Voltage (v) vs Tss(°Brix)

3 I I I E o
60 50 40 30 0

Voltage (V)

Fig. ﬁelationship between TSS and Voltage

3.5: Change in Acidity’of the Ohmic Heated Sweet lime juice at various voltages

Table 3.3 shows the % acidity of the ohmic heated Sweet lime juice at various voltages. The
titratable acidity of the fresh juice was observed to be 0.76%. Initially, at various voltages 30V,
40V, 50V and 60V, the titratable acidity of them ohmic heated juice was observed to be 0.74%,
0.72%, 0.71% and 0.7%. The acidity % decreases with increase in voltage gradient. The decrease
in citric acid can be due to conversion of organic acids into sugars. Relationship between Acidity
% and Voltage as shown in Fig. 6
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Table 3.3: Change in Acidity of the Ohmic Heated Sweet lime juice at various voltages
Voltage(V) Acidity %
60 0.7

50 0.71
40 0.72
30 0.7

0

Voltage (V) vs Acidity (%)

Acidity(%)

] I I I E o
60 50 40 30 0

Voltage (V)

amin C of the Ohmic heated Sweet lime juice at various voltages
Voltage(V) Vitamin C content per 100 mg Serving

60 17.8 mg
50 16.1 mg

40 15.6 mg
30 14.2 mg
0 34.12 mg
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4. CONCLUSION

1. Rate of increase of temperature was similar at various voltages but there was flex point
for rate of temperature increase at 60 V and 50 V after 30 min when there was a sudden
increase in temperature. This might be due to sudden increase in electrical conductivity of
sweet lime juice.

. The electrical conductivity values were in the range of 1. 5.24 S/m having an
increasing trend with increasing temperature.

. Ohmic heating times are dependent on the voltage gr,

characteristics in food processing and
ohmic heating can be used as an alte
sweet lime juice.
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