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Abstract

The ultrastructure in the beef muscle of the electro-magnetic resonance and air blast freezing during the frozen storage,
and the changes in the quality characteristics after thawing were evaluated. The size of ice crystal was small and evenly
formed in the initial freezing period, and it showed that the size was increased as the storage period was elapsed (p<0.05).
The beef stored by the electro-magnetic resonance freezing showed the size of ice crystal with a lower rate of increase than
the air blast freezing during the frozen storage. The thawing loss of beef stored by the electro-magnetic resonance freezing
was significantly lower than the air blast freezing during frozen storage (»p<0.05), and it showed that the thawing loss of the
round was higher than the loin. Water holding capacity decreased as the storage period became longer while the electro-
magnetic resonance freezing was higher than the air blast on 8 month (p<0.05). As a result of sensory evaluation, the beef
stored by the electro-magnetic resonance freezing did not show the difference until 4 months, and it showed higher accept-
ability in comparison with the beef stored by the air blast freezing. Thus, it is considered that the freezing method has an
effect on the change in the ultrastructure and quality characteristics of the beef.
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Introduction

Freezing is a much preferred technique to preserve food
for a long period of time (Alizadeh et al., 2007; Kidmose
and Martens, 1999). The concentration of the aqueous
phase present in the cell will increase when extra ice crys-
tals will appear. This phenomenon induces water diffu-
sion from surrounding locations. The intracellular ice also
induces an increase in the concentration of the intracellu-
lar aqueous phase. The size and location of ice crystals
are considered the most important factors affecting the
textural quality of frozen food (Martino ef al., 1998). The
traditional freezing process is generally slow, resulting in
large extracellular ice-crystal formations (Bello er al.,
1982; Fennema et al., 1973), which cause texture dam-
age, accelerate enzyme activity, and increase oxidation
rates during storage and after thawing. On the other hand,
rapid freezing (e.g., cryogenic freezing) can reduce the
ice-crystal size and produce a large number of smaller ice
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crystals that cause less damage due to its high degree of
super-cooling (Kalichevsky et al., 1995; Kim and Hung,
1994; Otero et al., 2000). The cause of the undesirable
physical-chemical modifications during freezing is the
crystallization of water and sometimes solutes. Minimiz-
ing the time of the phase change period contributes to
optimum product quality (Brennan et al., 1990).

The quick freezing is the method that damages the cel-
lular tissue, and it can be minimized, as compared with
the slow freezing, because the small and many ice crys-
tals formation and being outside of the beef cell (Reid,
1997). The air blast-type, flat contact-type, and cryogenic
freezing method have been utilized as the general quick
freezing (Lakshmisha et al., 2008; Norton et al., 2009). It
has been reported that when freezing meat, the lower
temperature the more the size of ice crystal within the tis-
sue become smaller, and the size of ice crystal has an
effect on the thawing loss and cooking loss (Miller et al.,
1962; Oh et al., 1984; Park, 1991). The electro-magnetic
resonance freezing disturbs the crystallization of water
molecules by adding energy to and vibrating the frozen
subjects in the magnetic field environment. Iwasaka et al.
(2011) have reported that this is the freezing method that
can reduced the destruction of cellular tissue by simulta-
neously freezing and being outside of the frozen subjects,
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by inhibiting the migration of water molecule.

Therefore, the objective of this study was to investigate
the effects of ultrastructure and sensory characteristics on
the frozen beef stored by the electro-magnetic resonance
and the air blast freezing in order to minimize the quality
degradation during long-term storage.

Materials and Methods

Samples

The samples used in this study were the loin (M. long-
issimus dorsi) and the round (M. semimembranosus, M.
biceps femoris, M. semitendinosus) of beef deboned and
cut in packing plant after one day since the slaughter. The
samples for the ultrastructure analysis were formed as
molds of 3x2x1cm (length x width X height) in the
direction of muscle texture, and put them in petri dish and
were frozen by sealing with parafilm. The sample for
physiochemical analysis was 2-4 cm (500 g) unit, and this
sample was then placed in polyethylene bags, vacuum
packaged using a vacuum packaging system.

Freezing and thawing

The samples were conducted by the electro-magnetic
resonance and air blast freezing. The electro-magnetic
resonance freezing (AVI Co., Japan) was frozen to -55°C
by using the freezer (DineJeju Co., Korea). The sample
by the air blast freezing was frozen to -45°C in the Korea
Food Research Institute. All frozen beef samples were
stored in a freezer at -20°C. A data logger (176T4, Testo,
Germany) temperature recording devices and a thermo-
couple (NiCr-Ni thermocouple, SEF GmbH, Germany) as
a sensor was used. The thawing of sample was performed
until the core temperature of samples become 0°C using a
microwave oven (RE-551B, 2450MHz, 700W, Samsung
Co., Korea). The central part were reached up to 0°C, the
beef was thawed for 12 min 30 s, and then overturned
thawed for 12 min 30 s.

Analysis items and methods

The frozen beef by the electro-magnetic resonance and
the air blast freezing was experimented by thawing after
frozen storage at 2-mon intervals during 8 mon. Each
experiment was analyzed by repeating of three times.

Ice crystal size

In order to measure the ultrastructure and the ice crys-
tal, the samples were made of the tissue section by cutting
the muscle to a cross-section of 2 mm thick with a surgi-

cal blade (feather) in the frozen state at -20°C. The tissue
sections were put on SEM (scanning electron micro-
scope) holder and were fixed. The tissue sections were
measured by using SEM (Hitachi S-3500N Cooling
Stage, Hitachi Co Ltd., Japan) which is a differential
scanning microscope. The samples were observed by a
RBE (Robinson Backscattered Electron) detector under
the measurement conditions of an acceleration voltage of
20 kV, the pressure of 50 Pa, and the magnification of
100 times. The ice crystal size was obtained as the aver-
age scale bar using with the callipus built-in the machine
from SEM.

Thawing loss

The thawing loss was calculated as a percentage by
measuring the drip amount until the temperature of deep
part was reached to 0°C.

Thawing loss (%) = {(weight before thaw — weight
after thaw) / weight before thaw} x 100

Water holding capacity (WHC)

WHC using the modified Kristensen and Purslow
(2001) method, after chopping the sample with a crusher,
the crushed sample of 5 g was put into a centrifuge tube
and then was heated for 30 min in water bath of 70°C.
After cooling the heated samples at the room temperature,
the sample was centrifuged at 1,000 rpm, and 20°C for 10
min and then the amount of separated gravy and the total
water content were measured, and the measured values
were calculated by substituting in the following formula.

WHC (%) = (total water content — separated water con-
tent) X 0. 951* / total water contents x 100

*0.951: pure water amount for meat moisture which is
separated under 70°C

Sensory characteristic

A sensory characteristic of samples was carried out
based on appearance, flavor, texture, taste and overall
acceptability with a scale of 9-points, and by 15 panels
who are chosen among personnel with more than 1 year
of experience in meat-related and sensory testing. Selec-
tion of panelists was performed according to sensory
evaluation procedure (Lawless and Heymann, 1999). Its
score is indicated by 1-point (very poor) to 9-point (very
good). For this sensory test, the samples are cut to 1 cm
of thickness and heated using an electrical grill (HD-
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4417, Phillips, Netherlands) until the core temperature of
meat reaches 75°C, after which was provided to the pan-
els for sensory evaluation on a white dish. This analysis
was conducted using the hedonic test described by Ber-
gara-Almeida and da Silva (2002).

Statistical analysis

All tests were done at least three times for each experi-
mental condition and mean values are reported. An anal-
ysis of variance was performed on all the variables using
the general linear model (GLM) procedure of the SAS
(Statistical Analysis Systems Institute, 2002) statistical
package. Duncan’s multiple range test (p<0.05) was used
to determine the differences between treatment means.
The statistical analysis for each parameter combines the
data from three batches.

Results and Discussion

Scanning electron microscope (SEM)

The ultrastructure change, according to the frozen stor-
age of the electro-magnetic resonance and the air blast
freezing, is shown in Fig. 1. Bomben ef al. (1983) have
reported that, as a result of observing the ice morphology
using SEM, the bright part of tissue showed the images
that are called the solute of cell sap, cell membrane, and
cell wall. The dark part was the ice. In addition, it has
been reported that the difference of the intensity of the
light is the difference of the size of the ice crystal by par-
tial sublimation during the freeze-etching, and it results
with the water-soluble solute and the insoluble structures
of the tissue showing that the difference is not subli-
mated. In this study, the ice crystal was significantly

Loin

Round

Months

Fig. 1. Changes in morphological characteristics on electro-magnetic resonance and air blast freezing of loin and round during
frozen storage for 8 mon (scale bar = 500 pm). EM: Electro-magnetic resonance freezing, AB: Air blast freezing.
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formed, and the destruction of cell wall was shown in the
ultrastructure of the loin and the round by the air blast
freezing. However, the electro-magnetic resonance freez-
ing showed the narrow gap between the initial muscle
fiber, and the small, and uniform ice crystals. Bomben et
al. (1983) have reported that the morphologic change of
the cell wall and cell membrane does not almost occur
under the quick freezing. Jeong et al. (1999) have repor-
ted that, during the slow freezing the shape is crushed, or
the irregular crack occurred due to the dehydration of tis-
sue by the water-soluble substances of the muscle fiber
tissue which is slowly frozen. The ice crystal is generated
in the tissue, and the destruction of cellular tissue occur-
red less often from the quick freezing. Also, the results
showed that the destruction of cellular tissue gradually
occurred as the storage become longer. The beef stored
by the electro-magnetic resonance freezing showed that
the destruction of cellular tissue occurring during the stor-
age happened less often as compared with the beef stored
by the air blast freezing.

Ice crystal size

The ice crystal size changed according to the frozen
storage of the electro-magnetic resonance and the air blast
freezing, as shown in Table 1. The ice crystal size of the
beef loin in the early stage of freezing (0 mon) was
smaller than 46.61 um, which is the ice crystal size of the
beef loin stored by the air blast freezing, at 42.08 wm in
the electro-magnetic resonance freezing. The size of ice
crystals by the electro-magnetic resonance freezing dur-
ing frozen storage for 8 mon was the smaller than that of
the air blast freezing (46.61-107.20 um) at the range of
42.08-90.20 um. For the part of the loin, the ice crystal
size significantly increased from the range of 42.08-46.61
um in the initial freezing period to the range of 90.20-
107.20 um on the 8 mon after freezing storage, regardless
of the freezing (p<0.05). The rate of size increase of ice

crystal of the sample by the electro-magnetic resonance
freezing during frozen storage was lower than the 232.5%,
which is the rate of increase of the air blast freezing sam-
ple, at 214.3% after 8 mon in comparison with the initial
period. The initial size of ice crystal of the round by the
electro-magnetic resonance freezing was 46.79 um, and
the air blast freezing treatment plot was 51.08 wm so that
the round by the electro-magnetic resonance freezing
showed a significant difference and was smaller than the
air blast freezing (p<0.05). As the storage time became
longer, the round went from the range of 46.79-51.08 pum
in the initial freezing period to the range of 92.60-108.13
um at 8 mon. Consequently, the round showed that the
ice crystal size significantly increased similarly to the
loin, regardless of the freezing method. Bomben et al.
(1983) and Chassagne-Berces et al.(2009) have reported
that, because the space in the cellular tissue is kept in the
narrowing state under quick freezing, the destruction of
cell membrane occurred less often. For this reason, we
suggest that, as the storage period is elapsed, the ice crys-
tal size is increased, regardless of the freezing method.
Because the ice crystal size of the beef stored by the elec-
tro-magnetic resonance freezing is small and uniformly
formed, the meat quality is less affected during the thaw-
ing of beef.

Thawing loss

The change in the thawing loss, according to the frozen
storage of the electro-magnetic field and the air blast
freezing, is shown in Table 2. The thawing loss during
storage for 8 mon was the range of 0.66-2.43% for the
electro-magnetic resonance freezing, and the loss by the
air blast freezing was the range of 0.92-3.10%. There was
no significant difference between the freezing methods,
except for 4 mon. The thawing loss of the beef stored by
the electro-magnetic resonance freezing showed rela-
tively smaller than the air blast freezing. We judged that

Table 1. Changes in ice crystal size on electro-magnetic resonance and air blast freezing of loin and round during frozen storage

for 8 mon (Unit: pm)

Months - Loin - Round -
0 42.08+0.30°F 46.61+£0.29% 46.79+0.36°F 51.08+0.40%
2 43.54+0.16°° 50.60+0.17%P 48.98+0.17°° 55.84+0.26%°
4 76.25£0.31°¢ 88.83+1.06%C 78.57+0.70°¢ 92.13+0.34%C
6 85.01+0.30°8 94.88+1.04%2 81.48+0.71°8 95.53+0.22%8
8 90.20+0.14* 107.204+0.68* 92.60+0.81%* 108.13+0.79**

EM, Electro-magnetic resonance freezing; AB, Air blast freezing.

“bMeans within row with different superscripts are significantly different by freezing (p<0.05).
AEMeans within column with different superscripts are significantly different by time (p<0.05).



Change in Quality on Electro-magnetic Freezing in Beef during Frozen Storages 31

Table 2. Changes in thawing loss on electro-magnetic resonance and air blast freezing of loin and round during frozen storage

for 8 mon (Unit: %)

Loin Round
Months M BN B
0 0.66+0.11°¢ 0.92+0.00° 1.25+0.12°%¢ 2.13+0.00°¢
2 0.75+0.02¢ 1.29+0.38P 1.54+0.10°5¢ 2.54+0.22%¢
4 0.81+0.08°¢ 1.74£0.27°¢ 1.62+0.08%5C 2.77+0.19°5¢
6 1.65+0.528 2.33+0.138 2.23+0.57% 3.63£0.49%48
8 2.43+0.34" 3.10+0.13* 3.10£0.11% 4.39+0.61%

EM, Electro-magnetic resonance freezing; AB, Air blast freezing.

“®Means within row with different superscripts are significantly different by freezing (p<0.05).
ADMeans within column with different superscripts are significantly different by time (p<0.05).

Table 3. Changes in water holding capacity on electro-magnetic resonance and air blast freezing of loin and round during frozen

storage for 8 mon (Unit: %)

Months - Loin - Round -
0 62.24+0.51%A 59.59+0.51°A 63.32+0.40° 61.32+1.09%
2 60.43+0.42°8 58.53+0.20B 61.54+0.11°8 60.72+£0.34%B
4 60.81+0.34%8 57.7840.59°5C 61.03+0.24%8 59.12+0.61°B¢
6 59.90+0.14%8 56.44+0.80°P 59.52+0.19¢ 58.63+0.42€
8 58.424+0.33%¢ 55.49+(.42°P 58.03+0.58%° 54.7240.60°P

EM, Electro-magnetic resonance freezing; AB, Air blast freezing.

“®Means within row with different superscripts are significantly different by freezing (p<0.05).
ADMeans within column with different superscripts are significantly different by time (p<0.05).

the beef stored by the electro-magnetic resonance freez-
ing was better because the cell membrane of muscle tis-
sue is less damaged and the drip from the beef, when it is
thawed, is less. Depending on the frozen storage, the loin
showed that the thawing loss increased from the range of
0.66-0.92% in the initial freezing period to 2.43-3.10%
after 8 mon, regardless of the freezing methods (p<0.05).
The thawing loss of the round by the electro-magnetic
resonance freezing also showed this similar trend to the
loin (p<0.05). In this study showed we had similar results
with the report in which the storage of chicken and pork
elapsed and the thawing losses were increased (Choe,
1980; Chung et al., 1981; Gong and Moon, 1987; Miller
et al., 1980). The round was higher than the loin of 0.66-
3.10% at 1.25-4.39%. These results are to confirm the
connection between ice crystal size and the ultrastructure,
and we considered that because the ice crystal size of the
round is small. The ice crystals were distributed a lot,
and, since the moisture content is higher than the loin, the
thawing loss is higher. The increase of thawing loss dur-
ing the frozen storage has been reported as a result that
occurs when the ice crystal gradually becomes larger
while the ice crystals with relatively large steam pressure
are gathered the in surrounding small ice crystals (Petzold
et al., 2009). Skelly et al. (1973) have reported that the
drip loss decreased as the fatness is increased, but in this

study, we considered a similar result with the thawing
loss of the loin being lower than the round. The cell wall
collapsed from the formation of ice during frozen storage.
It has been reported that the consequent irregular pattern
is formed because the same components, such as the
intracellular nutrient components, are separated from the
tissue cells (Bomben et al., 1983). Thus, we considered
the electro-magnetic resonance freezing to have a better
thawing loss and that the quality change that occurred
during the frozen storage may be reduced because the
damage of the tissue cells is low.

Water holding capacity (WHC)

The change in the water holding capacity on electro-
magnetic resonance and the air blast freezing in loin and
round during storage is shown in Table 3. The water hold-
ing capacity of meat is explained in the capacity of retain-
ing moisture when the external physical treatment is
applied. The water holding capacity has an effect on the
quality of frozen meat, and affects the juiciness and ten-
derness (Forrest et al., 1975). Grau et al. (1953) has re-
ported that about 65% of the water holding capacity orig-
inated from the fibrous protein, such as myosin or actin.
The initial water holding capacity of the loin by the elec-
tro-magnetic resonance freezing was 62.24%, but this re-
sult was reduced up to 58.42% on the 8 mon by the reduc-
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tion of the storage elapsed (p<0.05). The water holding
capacity according to the electro-magnetic resonance free-
zing and the air blast freezing during the storage of loin
was 58.42-62.24% and 55.49-59.59%, respectively. The
water holding capacity of the loin by the electro-magnetic
resonance freezing was significantly higher than those by
the air blast freezing (p<0.05). The water holding capac-
ity of the round was reduced as the storage become lon-
ger, but the round by the electro-magnetic resonance free-
zing was 63.32% in the early stage. The water holding
capacity of round in the electro-magnetic field and the air
blast freezing treatment plot were reduced 5.29% and
5.60%, respectively. Farouk and Swan (1998) have repor-
ted that the storage elapsed and the small ice crystals bon-
ded each other. Because the recrystallization that forms
the large ice crystals occurred, the water holding capacity
is influenced by the recrystallization. These results agree
with Bae (1987) who showed that the water holding cap-
acity of pork was gradually reduced during the frozen sto-
rage of the pork up to 10 mon. Pearson and Miller (1950)

have reported that the reduction of the water holding cap-
acity according to the elapse of storage time is related to
the increase of drip. Therefore, it has been reported that
the water holding capacity of meat was reduced in accor-
dance with the freezing and the elapse of storage period
(Law et al., 1967; Miller et al., 1962; Oh et al., 1984; Park,
1991), and, also, it showed the difference was dependent
on the freezing methods. Berry (1990) has reported that
the cooling temperature and speed have an effect on the
water holding ability. In this study, the result showed that
the water holding capacity in the electro-magnetic reso-
nance freezing was higher than that of the air blast freez-
ing.

Sensory characteristic

The change in the sensory characteristics according to
the frozen storage of the loin and round by the electro-
magnetic resonance and the air blast freezing is shown in
Table 4. The flavor and taste of the loin by the electro-
magnetic resonance freezing was significantly higher

Table 4. Changes in sensory characteristics on electro-magnetic resonance and air blast freezing of loin and round during frozen

storage for 8 mon (Unit: score)

Loin Round
EM AB EM AB
0 7.56+0.73" 7.11£1.05% 7.56+0.53%A 6.11+0.78°
2 7.71£0.324 7.14+0.69" 6.85+0.558 6.43+0.79
Appearance 4 7.29£0.76*8 6.00£1.00°8 6.57+0.538 6.142£0.90
6 6.71+0.49° 6.00+0.828 6.43+0.538 6.29+0.49
8 6.71+0.762 5.86+0.908 6.29+0.768 6.1420.69
0 7.78+0.67%A 6.56+0.88%B 7.44+0.73%A 6.00+0.87°
2 7.81+0.72% 7.00+0.58% 7.68+0.73% 6.71+0.95°
Flavor 4 7.43£0.98%A8 6.29+0.95%B 7.00+0.587B 4.61+0.98
6 6.71£0.765¢ 6.00+0.828 6.57+0.538 6.43+0.53
8 6.29+1.11°€ 6.00+£0.58" 6.57+0.98"% 6.14+0.69
0 8.00+0.50" 6.78+1.48"B 7.89+0.78%A 6.67+1.32°
2 7.81+0.75" 7.00£0.58" 7.63£0.74*4 6.71£0.95%
Texture 4 7.43£0.98%A8 6.43+0.98%B 6.71£0.768 6.36£1.07"B
6 6.71+0.76® 5.86+0.69" 6.57+0.53%8 6.00+0.58°B
8 6.57+0.988 5.57+0.988 6.43+0.538 5.57+0.798
0 7.56+0.53%A8 6.22+1.20°° 7.89+1.17%4 6.78+0.97°
2 7.83+0.74% 7.00+0.58% 7.65+0.77% 6.71+0.95°
Taste 4 7.43+0.79%48 6.29+0.958 7.00:£0.824B 6.43+0.98
6 6.71+0.76® 6.14+0.908 6.57+0.53" 6.14+0.69
8 6.71£0.498 6.00+0.828 6.29+0.768 5.86+1.07
0 8.00:£0.50** 6.89+1.36"" 7.89+1.17%4 6.78+1.20°
2 7.86+0.74% 7.00+0.58% 7.65+0.78* 6.71+0.95°
Overall acceptability 4 6.57+0.538 6.29+0.95"P 6.43+0.988 6.30+0.95
6 6.77+0.763 5.86+0.908 6.57+0.538 6.29+0.95
8 6.43+0.988 5.71£0.76® 6.29+0.768 5.86+0.69

EM, Electro-magnetic resonance freezing; AB, Air blast freezing.

“®Means within row with different superscripts are significantly different by freezing (p<0.05).
ADMeans within column with different superscripts are significantly different by time (p<0.05).
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than that of the air blast freezing (p<0.05). The overall
acceptability of the loin by the electro-magnetic reso-
nance freezing showed a higher score than that of the loin
by the air blast freezing. The appearance, flavor, texture,
and overall acceptability showed that the difference
according to the freezing storage, and they were received
sensorially with a gradually poor evaluation according to
the elapse of the freezing storage (p<0.05). The round
showed the tendency to receive lower scores in all items,
according to the elapse of the storage (p<0.05). The beef
stored by using the electro-magnetic resonance freezing
showed high overall acceptability, and it is considered
that the sensory characteristics degradation during the
frozen storage can be reduced when the electro-magnetic
field freezing was applied rather than the air blast freez-
ing.

Conclusion

The change in ultrastructure and quality characteristics
during the frozen storage of the loin and round by the
electro-magnetic resonance and the air blast freezing
were investigated. The initial ice crystal size of the loin
and round by the electro-magnetic resonance freezing
was smaller and had a more uniform state, and they also
showed a lower thawing loss in comparison with the air
blast freezing. The ice crystal size of loin was smaller
than the round and also had a lower the thawing loss. As
the frozen storage time became longer, the ice crystal size
and the thawing loss increased. It is considered that the
results that the electro-magnetic resonance freezing
shows lower increase and decrease ratio of the thawing
loss and the water holding capacity according to the fro-
zen storage in comparison with the air blast freezing is
because the shape and ice crystal size were small and uni-
formly formed in the early stage. The electro-magnetic
resonance freezing showed the higher overall acceptabil-
ity during the frozen storage in comparison with the air
blast freezing. In conclusion, it is considered that the elec-
tro-magnetic resonance freezing may reduce the ultra-
structure and sensory characteristics degradation at the
time of the long-term storage.
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