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Abstract

This study was carried out to investigate the effects of ohmic power intensity on the physico-chemical
properties of hamburger patties. Six different ohmic power intensities (0, 10, 20, 30, 40, and S0 V) were delivered
by controlling the power with the sine wave at S0Hz. The ohmic power intensity influenced the thawing rate,
and increasing ohmic power intensity increased the thawing rate. The faster thawing rate was obtained at higher
ohmic power intensity (50 V) with 0.5% NaCl added meat patties in comparison to no NaCl added hamburger
patties. The pH values of all patties were not significantly different with increasing ohmic power intensity
(p<0.05). Increasing thawing rate did not tend to improve the water holding capacity (WHC) of all patties by
ohmic thawing. Cooking losses were almost the same regardless of increasing ohmic power intensity. Increasing
ohmic power intensity tended to increase the thiobarbituric acid reactive substance (TBARS) levels. TBARS levels
of all hamburger patties without NaCl were significantly higher than that of 0.5% NaCl added hamburger patties
(p<0.05) at higher ohmic intensity (50 V). In conclusion, these results indicated that a higher ohmic power
intensity at 50 V induced the lipid oxidation of all patties.
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INTRODUCTON

Consumption of meat patties has grown in the last decade
and meat patties are a popular type of fast-food widely
present in the world (Echarte et al, 2003). However, the
possible formation of potentially harmful substances, such as
lipid peroxides, has become an important portion of food
safety, for the maintenance of good health. The quality of
frozen hamburger patties is related to freezing and thawing
processes. Even freezing has some disadvantages such as the
formation of ice crystals between muscle fiber, it is necessary
in the meat industry for longer storage period. Generally,
thawing occurs more slowly than freezing and is subject to
damage by chemical and physical changes. Therefore, thawing
process should be of concern to food technologists (Fennema

et al.,, 1973). In contrast to the amount of studies about the

* Corresponding author : Sang-Gi Min, Department of Food
Science and Biotechnology of Animal Resources, College of
Animal Husbandry, Konkuk University, | Hwayang-dong,
Kwangjin-gu, Seoul 143-701, Korea. Tel: 82-2-450-3680, Fax:
82-2-455-1044, E-mail: foodeng301@paran.com

223

ohmic power intensity, thawing rate, TBARS, NaCl added hamburger patty

effects of freezing rates on changes in physical, chemical and
sensory meat properties, there are few reports about the
effects of thawing rates on meat characteristics. Conventional
meat thawing methods require that meat be heated externally
through conduction, convection or radiation. Thawing of
meats iS a common practice using radio frequency heating
(McCormick, 1988) which occurs volumetrically over conven-
tional methods. It can result in unacceptable surface tempera-
tures. Microwave energy is widely used as a heat source in
applications such as heating and thawing of foods. However
partial thawing of meat products with microwave is already
practiced in the meat industry (Taher and Farid, 2001). Ohmic
heating has been studied since the early 1900s. Using this
method, frozen foodstuffs can be thawed rapidly in the
temperature range —3 to 3°C (Ohtsuki, 1993). Recently, one
possible method for improved is ohmic thawing technology
due to short thawing time, high energy conversion efficiency,
volumetric heating, etc (Fellow, 2000). This method can also
be used in thawing frozen foods by placing them between two
electrodes and applying an alternating current. However, the
application of ohmic thawing for the frozen foods are still
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limited because of the overheating and electric power over-
flowing can destroy the food quality during thawing process.
There is also a lack of information on the effects of ohmic
thawing on the characteristics of hamburger patties. Kim ef al.
(2006) found that lipid oxidation of pork meat was increased
during ohmic thawing. In meat industry, sodium chloride is
often added to meats to improve sensory, functional and
preservation properties (Tan and Shelef, 2002). However, its
prooxidant activity accelerates the lipid oxidation in refri-
gerated or frozen meats, resulting in increasing thiobarbituric
acid reactive substances (TBARS) (Lee ef al.,, 1997). There-
fore, this study was conducted to investigate the effects of
ohmic thawing on the physicochemical properties of frozen

hamburger patties with or without NaCl at 20 % fat level.

MATERIAL AND METHODS

Materials and Sample Preparation

Porcine m. longissimus dorsi stored for 24 h after slaughter
was purchased from local meat market. Meat was trimmed
visible fat and connective tissue, and then ground through 8
mm plate twice with pork backfat. Fat level of all patties was
adjusted to 20 %. Half of batch was separated and re-mixed
with 0.5 % salt. Approximately 160 g of mixture was put into
cylindrical molder (90 mm diameter and 20 mm thickness) and
two thermocouples were inserted into both centre and surface

of patties. All treatment was frozen at —50°C for 24 h.

Thawing Treatment

Frozen patties were attached within two stainless steel
electrodes (86.8mm diameter x 1lmm thickness). The alter-
nating current source,  of 50 Hz (sine wave), with different
electric power (0, 10, 20, 30, 40 and 50 V) was used by the
ACP power supply (AC Power Korea Co., Ltd., Korea) (Fig.
1). During operation a constant electric power was applied
and monitored (TES 2730 Multimeter, China) (Fig. 2). The
distance between stainless steel electrodes was 22 mm which
were connected to the AC power unit. All ohmic thawing
were conducted in S5°C set refrigerator (LG refrigerator,
R-AS0CD) on ohmic power intensity. Time and temperature
were recorded (MV 100 Mobile Corder, Yokogawa, Japan)
during freezing and thawing process. In this study, thawing
rates were defined as the ratio of radius length to the thawing
time to traverse the temperature range from —50 to 5°C.
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Fig. 1. Schematic diagram of ohmic thawing unit.
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Fig. 2. Thawing curves of hamburger patties without NaCl
due to different ohmic power intensity.

Each treatment was compared to the control without both
freezing and thawing process. Triplicated experiments at

different voltages with frozen pork samples were studied.

pH

pH measurements were carried out with a pH meter (Model
440, Corning, UK) on 5 g of sample mixed with 20 mL of
water and homogenized at 13,000 rpm for 1 min in an SMT

process homogenizer (SMT Co. Ltd., Japan).

Water Holding Capacity (WHC)

Water holding capacity was determined by the modified
method of Pietrasik and Shand (2004). One gram of meat was
weighed and placed in a centrifuge tube, along with gauze as
absorbents. Samples were centrifuged for 10 min at 3,000 rpm
in an automatic refrigerated centrifuge (RC-3, SORVALL Co.,
USA) at 4°C. After centrifuging, meat was removed and
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weighed centrifuge tube before and after drying. Water hol-
ding capacity was expressed as percentage of moisture content

to meat.

Cooking Loss

Cooking loss was determined by assessing the value of
exudation after thermal treatment. Three pork samples from
each treatment were weighed before and after cooking in a
water bath (DX9, Hanyoung Co., Korea) at 75°C for 30 min,

and expressed as a percentage of the initial weight.

Lipid Oxidation

One gram of sample was mixed with 0.15 mL of butylated
hydroxytoluene (BHT) and 9 mL of perchloric acid and was
homogenized at 17,000 rpm for 2 min, after which 5 mL of
distilled water was added and filtered using Whatman No. 2
filter paper. One milliliter of filtrate was added to 1 mL of
2-thiobarbituric acid (TBA), boiled at 100°C for 30 min, and
cooled in ice water for 5 min. The readings were made on a
UV/VIS spectrophotometer (Optizen III, Mecasys, Korea) at
531 nm. The conversion factor 6.2 was used for calculation
of the thiobarbituric acid reactive substances (TBARS)

expressed as mg malonaldehyde per kg meat.

Statistical Analysis

The data were analyzed by ANOVA using the SAS
statistical program (SAS Institute, Inc., Cary, NC, USA), and
differences among the means were analyzed using Duncan’s
Multiple Range test. The entire experiment was replicated

twice, and all determinations were done in triplicate.

RESULT AND DISCUSSION

Thawing Rate by Ohmic Power Intensity

Effects of ohmic power intensity on thawing rate of
hamburger patties are given in Fig. 3. On average for each
hamburger patty at both no and 0.5 % NaCl added patties,
samples thawed fastest at highest ohmic power intensity (50
V) and slowest at lowest ohmic power intensity (10 V). The
total thawing time was run from a constant initial temperature
of —50°C to a final temperature of 5°C (Table 1). In a
previous experiment we have shown that the ohmic power
intensity between 0 and 40 V could decrease total thawing

time of frozen ground meat with ohmic power increment
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Fig. 3. Effects of ohmic power intensity on thawing rate of
hamburger patties. The vertical bars represent the stan-
dard deviation.

(Kim et al., 2006). In this study we carried out ohmic thawing
for hamburger patties with higher intensity of the power
(above 50 V), however, we found the over-heating at the
surface connected to electrodes due to electric power
overflowing. Therefore we just conducted ohmic thawing up
to 50 V.

In ohmic thawing procedure, the fastest thawing time to
traverse the temperature range from —50°C to 5°C was
measured both 49 min without NaCl and 40 min with NaCl
at 50 V of ohmic power intensity. In contrast, the slowest
thawing time was measured 933 min at 0 V of forced air
convection. 0.5 % NaCl added hamburger patties showed
higher thawing rates than no NaCl added hamburger patties at
any ohmic power intensity. However, regardless of NaCl
content, the thawing rate changes linearly with ohmic power
intensity between 10 V and 50 V. Most of meat thawing was
found to occur within the temperature ranges of —5°C to —1

°C due to the ice-water phase transition, and only small

Table 1. Effects of ohmic power intensity on the total tha-
wing time of hamburger patties

Ohmic thawing Total thawing time (min)
intensity (V) 0% NaCl 0.5% NaCl
0 937 -
10 152 110
20 98 87
30 82 62
40 _ 75 48
50 49 40




226 A& Fe8R) A 263 A 235(2006)

fraction thaws within the temperature range of —24 to —5°C
(Heldman, 1975). The effect of ohmic power intensity signi-
ficantly reduced total thawing time of hamburger patties with
decrease of the phase transition time. The amount of heat
generated is directly related to the current induced by the
power gradient and the electrical conductivity of the material
being heated (Sastry and Li, 1996). The application of ohmic

thawing is therefore dependent on the power intensity.

Changes in pH Value

Effects of ohmic power intensity on pH value of hamburger
patties are given in Fig. 4. The pH value of hamburger patties
made without NaCl was, pH 5.75 while that of ohmically
thawed hamburger patties were between 5.65 and 5.73. The
NaCl used in this study did not significantly increase the pH
value of the hamburger patty. With the addition of NaCl the
pH-value was originally 5.52 and that of ohmically thawed
hamburger patties were not significantly changed at any
ohmic power intensity. The NaCl used in the present study
was quite low (0.5 % NaCl) and therefore the pH values of
such hamburger patties were not affected. It was also found
that electrical stimulation did not have an influence on the

changes of the pH by ohmic thawing.

Changes in WHC and Cooking Loss

The WHC of meat products is one of the most important
factors affecting economical value and meat quality due to the
weight change during thawing (Lawrie, 1985). Fig, 5 showed
the effect of ohmic thawing on WHC of hamburger patties. At
the same ohmic power intensity, the WHC of the hamburger
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Fig. 4. Effects of ohmic power intensity on pH value of
hamburger patties. The vertical bars represent the
standard deviation. Different superscripts are significantly
different (p<0.05). (C: control).

100
l) a
€ o :1_ &
£ o
g 90 i
8 abl::
§ 5
Z 85
=
F] : ;
"
g 3 Moow N
‘ 00.5% NaCl
t 78 T T .
c 0 10 20 30 40 50

Ohmic power intensity (V)

Fig. 5. Effects of ohmic power intensity on WHC of ham-
burger patties. The vertical bars represent the standard
deviation. Different superscripts are significantly different
(»<0.05). (C: control).

patties without NaCl were lower than that of NaCl added
hamburger patties. In meat products, generally, salt contributes
to water and fat binding by expanding the filament lattice of
myofibrils and by partially solubilizing the myofibrillar pro-
teins (Marita et al., 2005). After ohmic thawing, no significant
changes in the WHC of NaCl added hamburger patties as
compared against the control. On the other hand, the WHC of
no NaCl added hamburger patties slightly decreased after
ohmic thawing as compared against the control. Yun et al.
(1998) examined ohmic thawing of frozen chucks of meat and
they showed the improved WHC when lower voltages (60 ~
210 V) were applied. In this study, however, with much lower
ohmic power intensity (10~50 V), the WHC of all patties
was not improved and the WHC of no NaCl added patties
showed significant decreased values. Cooking loss is a
combination of liquid and soluble matters lost from the meat
during cooking (Margit et al, 2003). Effects of ohmic power
intensity on cooking loss of hamburger patties are given in
Fig. 6. In this study, cooking losses of hamburger patties
showed no differences between with and without the addition
of NaCl. It also showed that ohmic power intensity did not
affect the cooking loss. At the 0.5% NaCl content cooking
loss was, however, always higher in ohmic thawed ham-
burger patties rather than the control. A different rate of
protein denaturation could be an explanation for the diffe-
rences seen in the cooking loss (Margit et al., 2003). There-
fore, there was no interaction between the ohmic power
intensity and the hamburger patty on cooking loss at any salt

contents.
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Fig. 6. Effects of ohmic power intensity on cooking loss of
hamburger patties. The vertical bars represent the
standard deviation. Different superscripts are significantly
different (p<0.05). (C: control).

Changes in TBARS Value

Lipid oxidation is a major deterioration which results in a
significant loss of the meat product quality. Fig. 7 showed the
effects of ohmic power intensity on TBARS of hamburger
patties. The TBARS of hamburger patties with or without
NaCl increased with increasing ohmic power intensity.
Thermal processes can promote lipid oxidation by disrupting
cell membranes and releasing prooxidants (Sato and Hegarty,
1971). When the ohmic power intensity rises in frozen ham-
burger patties, the increase in lipid oxidation is more
noticeable in no NaCl added hamburger patties than NaCl
added ones. It indicates that the addition of NaCl does not
affect the development of lipid oxidation by electrical sti-
mulation during ohmic thawing, Generally, salts can interact

with other components, modifying the hydrophobic/hydrophi-
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Fig. 7. Effects of ohmic power intensity on TBARS of ham-
burger patties. The vertical bars represent the standard

deviation. Different superscripts are significantly different
(p<0.05). (C: control).

lic interactions among molecules (Walstra, 2003). The effect
of salt ionic species drive conformational transition of other
biomolecules, namely lipids and DNA (Cacace er al., 1997).
Most studies deal with the effect of NaCl are very con-
tradictory. In fact, while some authors have highlighted the
pro-oxidant effect of NaCl (Kanner et al., 1991; Osinchak et
al., 1992), others evidenced its anti-oxidant capability (Lon-
yuan et al., 1998). In this study, with faster thawing rates, the
presence of NaCl could not interact with lipids undergoing
oxidation during ohmic thawing. On the other hand, all
freeze-thaw procedures promoted lipid oxidation and higher
ohmic power intensity could significantly increase lipid oxida-
tion. Generally, different heating methods could lead to modi-
fications in the lipid fraction and microwave heating caused
higher cholesterol oxidation in comparison to frying (Echarte
et al., 2003). Microwave heating is also known to cause
greater alterations in edible fats than conventional heating
(Rodriguez-Estrada et al., 1997). Unlike other heat transfer
modes, both microwave and ohmic heating heats foods
directly through energy conversion, from electrical energy to
heat (Piyasena and Dussault, 2003). In this study, the TBARS
values of hamburger patties showed increase with higher
ohmic power intensity (50V), indicating that electrical energy
promoted lipid oxidation during ohmic thawing.
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