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Abstract. Ohmic heating takes its name from Ohm’s law. Ohh@ating is an alternative
heating technique, using an electrical currentipgsthrough the food producthe food material
switched between electrodes has a role of resistamnihie circuit. In this study the pear puree made
at laboratory scale had been undergone to the olmmiating process using different voltage
gradients (15/17/17.5/20V/cm) and different prooepstime intervals (0/3/5/10 min). It were
measured the electrical conductivity, the tempeeatelectric current intensity, pear puree visgosit
in order to determine the ohmic heating influengercsome process and sample properties. After
the purpose of study was reached that was foungribortional link between the temperature and
electric conductivity increase, which also depemashe processing time. The bubbling temperature
was established above the 60°C value for all thge gradients.
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INTRODUCTION

Ohmic heating is a developing technology with cdesible potential for the food
industry. It is based on the passage of electagakent through a food product that serves
as an electrical resistance (Reznick, 1996; Sat8§9). Heat is generated instantly inside
the food. The amount of heat generated is diraetigted to the current induced by the
voltage gradient in the field, and the electricahductivity (Sastry & Li, 1996). The
applicability of ohmic heating depends on the paidiectrical conductivityThe potential
applications of this technique in food industry aegy wide and include, e.g. blanching,
evaporation, dehydration, fermentation (Sastrylet2801) and pasteurizatiohe main
advantages of ohmic processing are the rapid alativiedy uniform heating achieved,
together with the lower capital cost compared teeptelectroheating methods such as
microwave and radio frequency heatifigier, F., llicali, C., 2005). Ohmic heating
technology has been accepted by the industry focgssing liquids and solid—liquid
mixtures, but not to date for solid foods (Pietteak, 2004) though a number of recent
publications have been produced in the area of masteurization (Ozkan et al., 2004;
Shirsat et al., 2004).

Fruit purees are to be potentially used in babydfpooductions. The thermal
processes applied to the baby foods are criticafhportant to guarantee their
microbiological safety. The data on the electricahductivity changes of fruit purees
during ohmic heating is verynportant in designing ohmic heating systems tauded in
baby food lines. (Castro et al. 2004) mentioned thavas important to evaluate the
electrical properties of a food intended to be pssed by ohmic heating by clearly
demonstrating the significant differences of eleatr conductivity between the several
products tested (Icier, F., llicali, C., 2005).
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Much research has been done on the electrical ctmy of liquid fruit products like
juices and purees (Palaniappan and Sastry, 198laihd llicali, 2005; Castro et al., 2004).

The aim of this study was to obtain electrical amitvity and temperature data for
pears puree to be heated ohmically in food indugffects of temperature, timeiscosity
and voltage gradients on ohmic heating rates afspmarees were studied.

Pears oPyrus communiare a pome fruit belongs to the family apfleey can be
eaten and used in the same way as the apple. éfeglsizes and colors are available all
around the year. When it is ripe and ready toteatpear has a honeyed flavor and with a
great smellPears are available in various colors includingegregolden yellow and red
(http://www.fruitsinfo.com/pears.htm).

The pear Pyrus communjsis a typical fruit of the temperate zones andsit
cultivated in Europe, among other regions. Duetdmutritive properties good taste and
low caloric level, the pear is a much appreciatedt for the consumers. It has a low
content of protein and lipids and is rich in sug&@slaric et al, 2007; Blattny, 2003).

MATERIAL AND METHOD

Pear puree used for ohmic heating it was obtaitddbaratory scale. The pears
Williams variety were purchased by a local produdgefore heating the pears were
subjected to some preliminary operations (washpegling, removing seeds, cutting) and
after that it were mashed with a blender and tanstd into puree. Pear puree thus
obtained was surmised at an ohmic heating procasg a batch ohmic system. The ohmic
heating installation characteristics are preseint¢ie following table (Table 1).

Table 1
The characteristics of the ohmic heating batchallzton
Characteristics Values Unit
Distance between electrodes 100 mm
Diameter of the electrodes 5 mm
Electrodes type Cylindrical stainless steel
Heating surface aria 2600 | mn’

The pear puree viscosity was determined using Breldkviscometer and the
electric conductivity was determined with a condlttgt meter model YK-2005CD.

The temperature, the current intensity and voliagee measured with the specific
meters included by the ohmic heating installation.

Ohmic heating applied for pear puree is a procdsshnis based on an electric
current passing through the product using two Es#steel electrodes placed in the ohmic
heating vat.

RESULTS AND DISCUSSION

For the experiments there was used a batch ohnaitingeinstallation which was
tested at different temperatures, voltage gradiamtisenjoin time intervals. The purpose of
the experiments being to determine the dependertwebn temperature and electric
conductivity variation and also the bubbling tengpere for the pear puree, another aim of
the study was to determine the acidity variationtled puree during heating and the
samples viscosity evolution.
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The pear puree was obtained at laboratory conditidine experiments were

repeated for three times.
Figure 1 shows the electrical conductivity depegeon temperature of pear

puree processed by ohmic heating at 15/17/17.5/e@V
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Fig. 1. The electrical conductivity dependenceamperature
of pear puree processed by ohmic heating at differe
voltage gradients (15/17/17.5/20 V/cm)

The electrical conductivity is directly dependemt temperature increasing. The
allure of the four slope is similar for the firsirée voltage gradients 15/17/17.5 V/cm; the
increasing being linear, but the slope is differeait 20 V/cm because in this case the
values are exponential due to the gradient volthghest value associated with the
temperature rising (20/68.2/68.5°C). The highedtiesdor electrical conductivity (0.89
S/m) is registered at 68.5°C for 20 V/cm and theelst (0.19 S/m) it was marked at
19.9°C at 17 V/cm.

Because of the fast temperature increasing at 2 \e bubbling temperature is
reached very fast, so there are only three poamtsléctrical conductivity measurement.

In Figure 2 is presented the electric conductiviéyiation depending on ohmic
heating processing time at different voltage gnaidid5/17/17.5 /20 V/cm).
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Fig. 2. Electric conductivity variation of pear perdepending on
ohmic heating processing time at different voltggedients
(15/ 17/17.5/20 Vicm)

From this graph it can be observed that the ohraatihg process is evolving in
the same time (600s) for the first three voltagadgmts (15/ 17/17.5 V/cm) and in a
different time interval (300 s) for the fourth \ade gradient (20 V/cm). So in this case the
processing time is reduced at a half of the init&le.

The electric conductivity variation has almost aeér evolution for the three
voltage gradients (15/ 17/17.5 V/cm), while for tlast one (20 V/cm) the evolution is
exponential.

All the electrical conductivities have the maximuimeshold values around 0.89
S/m, so this value is obtained for 300 s and 2GvW/€or voltage gradients lower than 20
Vicm respectively (15/ 17/17.5 Vicm) the electricainductivities (0.35, 0.46, and 0.51
S/m) registered are with almost 50% decreased.

Another important aspect which can be observed ttwrgraph is that for the 180
s time of processing the electrical conductivitretues for 15 V/cm, 17 V/cm; 17.5V/cm
are close to 0.27, 0.35, 0.38 S/m.

The results obtained in study can be comparedtivéitesults of other researchers,
which are similar to ours. SB. Icier, C. llicali, 2005 demonstrated that thec#lical
conductivity of fruit purees is strongly dependenttemperature and dependent on ionic
concentration and pulp content.

In the following graph (Figure 3) is presented tdperature variation depending
on ohmic heating processing time at different \g#tgradients (15 V/cm; 17 V/cm; 17.5
Vicm; 20 Vicm).

In the graph is presented the ohmic heating proséssh is unroll in the same
time (600 s) and at the same maximum temperat&&,(65, 65.7 °C) for the first three
voltage gradients (15 V/cm; 17 V/cm; 17.5 Vicm)t blne process is different for the
fourth voltage gradient 20 V/cm, which is develapin 200-300 s at 68.2-68.5 °C that is
determining the time processing halfing comparmthe other voltage gradients.

In the fourth volage gradient case 20 V/cm it gistered the maximum processing
temperature (68.5°C) in 300 s.
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Fig. 3. The temperature variation depending on
ohmic heating processing time at different voltggedients
(15/17/17.5/20 V/cm)

The graph shows that for 15 V/icm; 17 V/cm; 17,5 rW/are registered the
following temperaure values 31.3, 40.5, 47.5°C 00 % and it also go through time
intervals (200, 400, 600 s) followed by a lineacrgasing since to the maximum
temperature 65.7°C.

Figure 4 presents the shear stress variation deémeoat shear rate over ohmic
heating process at different gradients (15 V/cmyiim; 17.5 V/cm; 20 V/cm).
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Fig. 4. Shear stress variation depending on slaer r
over ohmic heating process at different gradients
(15/17/17.5/20 Vicm)

During ohmic heating process at different voltagedeents (15/17/17.5/20 V/cm)
the shear stress is increasing linearly dependint® shear rate rising.

The shear stress is reaching the maximum value940Ba) once with the
maximum value reached by the shear rate (0350 17.5 V/cm, also the values shear
stress for 17 and 20 V/cm are proximate (0.528®Ba ), while for 15 V/cm the shear
stress value is lower to the other determinatiOria76 Pa).
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From the graph it can be observed that the vanatioshear stress depends on
shear rate is similar (0.462/0.4998 Pa) at 17 @h&//2m at a value of 0.21sfor shear
rate.

The regression coefficient values® Raries between 0.953 and 0.992, values
registered for the pear puree treated at 15, 11d528 V/cm excepting the value for the
untreated puree and treated at 17 V/cm which i§70.2

So if the regresion factor (R) values are closetl tiee mathematical model choose
for the data is the most adequate.

Figure 5 shows the dynamic viscosity evolution dejixreg on the shear rate during
the ohmic heating process.

12

£ - \___ —+— 0V em
:; “\ X _“\ —m— 15V/cm
4 = S ‘——_\ ——___\ 37
— e S 17.5V/am
i\.\_ = — 20 V/om
=

Figura 5. The dynamic viscosity evolution depending
shear rate during ohmic heating process at differen
voltage gradients 15/17/17.5/20 V/icm

The graph expressed that the dynamic viscosity maxi value (10.56 Pa*s)
which is registered for 17.5 V/cm and at 0.07 ®nce with the shear rate increasing and
the maximum value reaching (0.35 s-1) is observddaeasing of the dynamic viscosity
values for all four voltage gradients (15/17/1706¥2cm).

For 17 and 20 V/cm the dynamic viscosity values @osed 2.17/2.38/2.2/2.43 Pa*s.
These values are reported to a shear rate 0f'0.2 s

To the highest value of the shear rate 0.3are registered proximate values for
the dynamic viscosity like 0.79/1.51/1.61 Pa*s fab/17/ 20 V/cm, while the
corresponding value for the 17.5 V/cm voltage gratis 2.57 Pa*s.

The graphs which determine the rheological behaofothe pear puree show a
pseudoplastic rheological behavior of the pear @ureated by ohmic heating because
represents the type of fluid with a dynamic vistosn decreasing with the shear rate
increasing.

CONCLUSIONS

As a general conclusion of the study over ohmidihggrocess applied over the
Williams pear puree, the electrical conductivitydigectly dependent on temperature and
time increasing. Also the electric conductivityeris dependent on the voltage gradient
used by the installation.
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The electrical conductivity of pear puree increéisearly with time during the
ohmic heating at 15/17 and 17.5 V/cm, while for\20m the electrical conductivity rise
exponentially. Also the same thing is reflectedtfa temperature increasing.

The ohmic heating time processing is inversely wlith voltage gradient used, as
the voltage gradient increased, the time decrea$ké. bubbling is marked by a
temperature above 60°C reached especially at high&rge gradients.

The viscosity of pear puree depends inversely ime gprocessing and decreased
linearly, while the time increasing. So the rheatay) behavior of the pear puree is
pseudoplastic.

The study can be compared with the results obtdigeather researchers and their
results were similar to ours. Ja Icier, C. llicali, 2005 demonstrated that thecsilical
conductivity of fruit purees is strongly dependenttemperature and dependent on ionic
concentration and pulp content. Also they discadéhe electrical conductivity of the fruit
purees increased with temperature rise, linearly #we bubbling occurred above 60°C
especially at higher voltage gradients.

Ohmic heating time is dependent on the voltage ignadised. As the voltage gradient
increased, time decreased (F. Icier, C. llical040
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