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Ohmic thawing of frozen ground meat
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In this study, the applicability of ohmic heating on tempering of the frozen ground meat was investigated.
Ground beef meat has been shaped as a block of 1 cm * 7 cm * 10 cm in a specially designed container, and then
frozen at air blast freezer (-30 °C). It was aimed to reach the center temperature of the frozen block meat to +20 °C from
—18 °C. The ohmic tempering was performed by the application of different voltage gradients (10, 15 and 20 V cm™)
whereas conventional tempering was performed at controlled conditions in the refrigerator (4 °C). The effects of the
thawing method and the voltage gradient on tempering time, temperature distribution, color and pH were investigated.
As the voltage gradient increased, the tempering time decreased in the range of 92-95 % comparing to conventional
tempering. Average initial thawing temperature was measured as -1.1 °C for the samples. At the end of the tempering ,
the cold point of the ground meat was 0 °C while the minimum temperature value of surface were -4.7 °C, -3.3 °C and -
3.4 °C for 10, 15 and 20 V cm™ voltage gradients, respectively. Similarly, the thawing method and the voltage gradient
affected the color properties (L*, a*, b*, Hue angle, chroma and total colour differences), significantly (p<0.05). The
value of a*, which is important for meat samples, was similar for conventional thawing and ohmic thawing applied at
10 V cm. It is thought that the results of this study will provide data for the scaling up of the industrial ohmic

tempering or thawing systems and give useful insights to further studies on these subjects.
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INTRODUCTION

Thawing of frozen foods by using conventional
methods require long time, provide non-
homogeneous thawing. They are generally applied
at uncontrolled conditions under high temperatures
(except  for  refrigerators)  affecting  the
microbiological and nutrient quality of foods
adversely. In recent years, the applicability of
alternative thawing methods such as microwave,
radio frequency and ohmic thawing has been
studied [1-4]. Ohmic thawing could provide
homogeneous and fast heating with minimum loss
on the food quality and the nutrient value while
obtaining microbiologically safe food. Optimum
thawing procedures should be of concern to the
food industry, and it is commonly accepted that it
should be the rapid thawing at low temperatures
and avoid a notable rise in temperature, and prevent
the excessive dehydration of. However, it is
difficult to accomplish them by using conventional
thawing processes because the wuse of low
temperatures reduces the temperature difference
between the frozen sample and the environment,
which is the principal driving force for the thawing
process [5].
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Ohmic treatment is one of the electroheating
methods, and is based on the passage of electrical
current through a food product having electrical
resistance [6-8]. Heat is generated instantly inside
the food [9,10]. The ohmic treatment is an
alternative method for thawing of meat products.
The application of ohmic thawing required less
treatment times than conventional methods at the
same temperature range [11]. Ohmic thawing
technology showed high potential to supply thawed
foodstuff on high quality [12]. However, very little
research about the application of ohmic thawing has
been carried out in the literature, and the primary
food studied for the application of ohmic thawing
on meat processing has been shrimp blocks [13-20].

This study focused on the applicability of ohmic
thawing procedures for semi-solid type food at
different voltage gradients. The main objectives of
this work were to investigate the effect of voltage
gradients on thawing time, temperature distribution,
color properties, total dry matter content and pH of
ground meat during ohmic thawing; and to compare
the effects of ohmic and conventional thawing on
these selected attributes. The result of this study
would be beneficial for the setting up of the
industrial or pilot-scale ohmic thawing units for
meat products.
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EXPERIMENTAL

Meat was ground twice by meat grinder
(Argelik, Turkey) and ground meat was frozen in
air blast freezer (Electrolux, Sweden) quickly by
replacing it into an ohmic cell with dimensions of 1
cm x 7 cm x 10 cm. Frozen samples were tempered
ohmically (10, 15 and 20 V c¢m?) and
conventionally (+4 °C). Ohmic thawing
experiments were performed using a custom-
designed laboratory scale ohmic thawing system
which consisted of a power supplying system (an
isolating transformer and a variable transformer), a
microprocessor board, the computer connection and
the thawing cell (Fig. 1). The thawing cell used was
made up of Teflon®. To compare the effect of
ohmic thawing process, the conventional thawing
method was performed in a refrigerator (Argelik,
Turkey) having controlled temperature (+4 °C).

During freezing and thawing, temperature
values and time were recorded to find out
temperature distribution, tempering time and initial
freezing point. Temperature measurement was
performed with insulated thermocouples and
microprocessor (Omega, UK). Thermocouples
located to the cold point of ground meat before
freezing. Colour measurements of the samples were
carried out by using a HunterLab Colorflex (CFLX
45-2 Model Colorimeter, HunterLab, Reston, VA).
pH was determined by using a membrane pH meter
(Hanna Instrument, USA). The instrument was
standardized each time with a black glass and a
white tile (X: 79.09, Y: 83.98, Z: 88.69 and L:
93.44, a: -1.12, and b: 1.02). Color values were
expressed as L, a, and b at any time. Lightness
value, L, indicated how dark/light the sample was
(varying from O-black to 100-white), a was a
measure of greenness/ redness (varying from -60 to
+60) and b was the grade of blueness/yellowness
(also varying from -60 to +60). Four readings were
performed for each replicate. The combination
parameters (Hue angle) were calculated by using
tristimulus values measured (Egs. 1-6).

Chroma = vVa*? + b*?

1 b
Hue angle = tan™ 1=
a

AE= /(' — Ly + (a* —a,")% + (b* — by")?
AC=,/(a* — a,*)? + (b* — b,")?

Chroma value of thawing sample

Chroma ratio = -
Chroma value of raw material

Hue angle ratio thawed sample

Hue angle ratio = : :
Hue angle ratio raw material
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The total dry content and pH of each sample
were measured using AOAC procedures®.
Statistical evaluations were performed by using
SPSS Version 13.0.1 statistical package (SPSS,
2004). The comparison was made to analyze the
effects of voltage gradient and thawing methods on
thawing time, color, pH, total dry matter content
properties by using Post Hoc (Duncan) test. The
confidence level used to determine statistical
significance was 95%.

RESULTS AND DISCUSSIONS

All samples were thawed successfully from -14
to 0 °C by the application of ohmic thawing at
different voltage gradients (10, 15 and 20 V c¢cm).
Thawing times were 2040 s, 1455 s, 1185 s for 10,
15 and 20 V cm voltage gradients, respectively.
On the other hand, conventional thawing time was
27520 s. Generally, thawing times were similar up
to the initial thawing temperature for different
voltage gradients during ohmic thawing, however
after this point; it decreased as the voltage gradient
increased (p<0.05) (Figure 2). Ohmic application
decreased the thawing time in the range of 92-95 %
comparing to conventional thawing (Figures 2 and
3). Average initial thawing temperature was
measured as -1.8 °C for the sample having the
moisture content of 77%. The amount of heat
generation during ohmic treatment was directly
related to the current induced by the voltage
gradient in the field [21,22]. Similarly, Icier et
al.[3,19] have already concluded that the increase
in the voltage gradient provided the decrease in the
ohmic thawing time. The change in color values
has been reported as the most important criteria to
predict the behavior of ground meat during
thawing, and it could provide reliable information
about organoleptic characteristics. It is known that
the myoglobin protein is the primary heme pigment
responsible for meat color, but there are other
species contributing to color changes during
thawing of meat samples (deoxymyoglabin,
oxymyoglabin, sulfmyoglabin, metmyoglabin). The
spectral features in the visibl€Efedion allow us to
explain these changes. Cojgy, changes were
evaluated in terms of L, a, b, Hue angle, AE, AC,
chroma and hue angle ratio valbgs3(Table 1). Color
values of thawed samples gwere significantly
different from raw material Jof both thawing
methods (p < 0.05). The value Bfj&*, b*, total color
differences and chroma differences was highest at
the high voltage gradient.

Eq.6



C. Celebi&F. Icier: Ohmic thawing of frozen ground meat

Transforme

r

Microprocessor

Computer

YVV

Thermocouples

=

Test cell

Power source

Electrodes

Fig. 1. Schematic diagram of laboratory scale ohmic thawing unit [8]

Table 1. Changes on color attributes of ground meat thawed by different methods

HUE
L* a* b* AE AC HUE ANGLE C:i%l\(/l)A
RATIO
Raw material 46.90+0.01 15.88+0.06 16.64+0.08 - - 46.33+£0.03 - -
20V cm? 47.78+0.42 19.82+1.04 17.87+1.08 4.35x1.15 4.25+1.11 42.01£1.48 0.91+0,03 1.16+0.06
15V cem? 44.38+0.89 16.73£0.68 17.14+0.35 6.70+£0.67 6.55+0.76 40.63£0.52 0.70£0.06 0.60+0.08
10V cem? 47.38+0.66 19.54+1.67 19.26+0.4  3.58+1.75 3.34+1.69 44.68+1.94 1.06+0.05 0.90+0.05
Conventional 48.59+0.17 21.71£1.06 19.91+0.44 2.85+0.44 1.13+1.10 42.55+0.8 1.00+0,01 0.97+0.03

Table 2. Changes on total dry matter contents and pH of ground meat thawed by different methods
THAWING METHODS

Analysis Raw material 10V cm? 15Vem!  20Vcem?!  Conventional
Total dry matter  76.97+0.04  77.18+0.03 77.41+0.01 76.53+0.05 76.79+0.08
pH 5.78 +£0.04 581+£0.04 586+0.05 5.88+0.01 5.81+0.01

There was a decrease in Hue angle values of thawed may cause an increase in the concentration of the

samples comparing to raw materials. When 10 V cnmr
! voltage gradient was used, the color of ground
meat was maintained successfully with comparably
fast thawing then conventional thawing. Hence, 10
V cm?® was recommended as the best voltage
gradient for ohmic thawing of the ground meat. The
effects of thawing method and voltage gradient on
pH and total dry content values were not statistically
significant (Table 2) (p>0.05).

The pH of meat that has been frozen and thawed
tends to be lower than prior to freezing. As pH is a
measure of the amount of free hydrogen ions (H*) in
a solution, it is possible that freezing with
subsequent exudate production could cause
denaturation of buffer proteins, the release of
hydrogen ions and a subsequent decrease in pH.

solutes, which results in a decrease in the pH. In
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Fig. 2. Changes in the temperature of ground meat

. . . during ohmic thawing processes
Alternatively, the loss of fluid from the meat tissue J P

this study, the effect of thawing method and the
voltage gradient was not statistically effective on pH
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value of ground meat (p>0.05). However, there is an
increasing trend in pH value as the voltage gradient
increased to 20 V cm. It could be concluded that
ohmic thawing at low voltage gradients could not
result to the denaturation of buffer proteins, the
release of hydrogen ions, etc. However, further
studies should be conducted on the determination of
the effects of ohmic thawing conditions on protein
content and the release of hydrogen ions.
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Fig. 3. The increase in the temperature of ground meat
during conventional thawing processes

CONCLUSION

In the present study, the application of ohmic
treatment as a thawing process was investigated by
making the comparison with the conventional
thawing method in terms of selected quality
attributes. The applied voltage gradient did not have
any significant effect on the pH, total dry matter
content whereas it had significant effect on the
thawing time, and color attributes of ground meat. In
this study, it was aimed to obtain basic information
on the effects of ohmic thawing on selected
attributes of ground meat before the scaling up of
industrial and pilot-scale thawing systems. In
addition, further studies should be performed to
determine whether the undesirable components in
ohmic thawing have been occurred.
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OMOBO PA3BMPA3SIBAHE HA 3AMPA3EHA KAUMA
Jx.Yeneou'", ®. Umxuep?

1E2e Yuusepcumem, Bucwie yuunuwe no npupoouu u npunodxciu nayku, Cexyus no Xpanumento uHI’CeHepCcneso,
bopuosa, Hamup, Typyus
2Eze Yuusepcumem, Hnoicenepen gpaxyamem, Kameopa no xpanumenno unoicenepcmeo, Bopnosa, Hzmup, Typyus

[ocrpnuna Ha 10 okToMBpH, 2014 r.; npuera Ha 20 nexemBpu, 2014 1.

(Pesrome)

B Hacrosiiiata pabota € u3clie/BaHa Bh3MOXHOCTTA 33 MPUIIOKEHHE HA OMOBOTO OTOIUIEHHE 3a TeMIIEpHpaHe Ha
3ampaseHa kaiima. Kaiima oT roBexkao meco Oeiie GopMyBaHa B CIICIIMATHO MPOCKTHPAH KOHTEHHEpP KaTo OlOKYe ¢

pasmepu 1 cm * 7 cm * 10 cm u cien ToBa 3aMpas3eHa BbB Bb3ayxonyseH ¢pusep (-30 °C). Llenta Oeie B IIeHThpa Ha
3aMpa3eHoTo OJ0KYe Oa ce JocTurHe temmeparypa oT +20 °C, xaTo ce crapTtupa ot Temneparypa —18 °C. OMHIHOTO
TEMIIEpUpAHE C€ M3BBPIIN Ype3 IPUIarane Ha pas3IndHU IPaJucHTH Ha Hanpexenuero (10, 15 and 20 V ecm™), gokato
KOHBEHIIMOHAJTHOTO TEMIICpUPAaHE Ce€ U3BBPIIM IPHU KOHTPONUpPAHU YCIoBHsS B xnaawiHuk (4 °C). beme nsciensan
eekTa Ha MeToJa Ha pa3Mpas3siBaHE W Ha TpaJUeHTa Ha HAIPEKEHHETO BBPXYy BPEMETO 3a TEMIEpHpaHe,
pasmpezieieHHeTo Ha Temreparyparta, nsera u pH. IIpu yBennuaBaHe Ha IpaJMeHTa Ha HaIlpe)KEHHETO, BPEMETO 3a
Temrnepupane HamamsiBa 92-95% B CpaBHEHHE C KOHBEHIIMOHAIIHOTO TeMIIepHpaHe. 3a oOpasuure Oeiie uU3MepeHa
Ccpe/lHa HavajiHa TeMIieparypa Ha pazmpassBane -1.1 °C. B kpas Ha TemnepupaHeTo CTyJeHaTta Touka B Kaiimara Oere 0
°C, 10KaTO MUHHMAJTHHUTE CTOMHOCTH Ha TeMIIepaTypara Ha moBbpxHOCTTa 051X -4.7 °C, -3.3 °C u -3.4 °C 3a rpagueHTu
Ha HarpexeHueTo chotBetHo 10, 15 and 20 V cm™. Ilo mogo6en HauuH BHAa Ha Pa3MpassBaHETO W IPAJIUEHTa Ha
HaTpe)KEHUETO OKa3BaT chinecTBeHO BimstHHE (p<0.05) BBpxXy mBeTHHTEe Xapakrtepuctuku (L*, a*, b*, vrem Ha Hue,
XpoMa U IUIOCTHA IBeTHA pasinka). CToifHOCTTa Ha a*, KOSTO € ChIIECTBEHA 32 MECHU NMPOAYKTH, Oemre mogo0Ha 3a
KOHBEHIMOHAIHO Pa3Mpa3siBaHe U OMOBO OTOIUIEHME, PUIIOKEHO TIPH IPAAUEHT Ha Hampexennetol0 V cm™. Cmsra
ce, Ye pe3ysaTaTuTe OT TOBa INPOYYBAHE IE€ OCUI'YPAT NaHHH 32 IIOCTEIICHHO IIOBHINABAaHE HA IMPOMMIIIICHOTO
MPWJIOKEHNE HA OMOBOTO TEMIIEPUPAIIN WM pa3MpassiBallld CUCTEMH M JaBaT I0Jie3Ha HHPOpMAaIs 32 110 -HaTaThIIHA
H3CJIEBAHUS MO TE3U BBIIPOCH.
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