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Abstract

In this study, the quality characteristics due to the influence of various thawing methods on electro-magnetic and air blast
frozen beef were examined. The loin and round of second grade Hanwoo were sliced into 5-7 cm thickness and packed with
aerobic packaging. The packaged beef samples, which were frozen by air blast freezing at -45°C and electro-magnetic freez-
ing at -55°C, were thawed by 4 thawing methods with refrigeration (4£1°C), room temperature (RT, 25°C), cold water
(15°C), and microwave (2450 MHz). These samples were thawed to the point, which were core temperature reached 0°C.
Analyses were carried out to determine drip and cooking loss, water holding capacity (WHC), moisture contents and sen-
sory evaluation. Frozen beef thawed by microwave indicated a lower drip loss (0.66-2.01%) than the other thawing methods
(0.80-2.50%). Cooking loss after electro-magnetic freezing indicated 52.0% by microwave thawing for round compared
with 41.8% by refrigeration, 50.1% by RT, and 50.8% by cold water. WHC thawing by microwave with electro-magnetic
freezing didn’t showed any difference depending on the thawing methods, while moisture contents was higher thawing by
microwave with electro-magnetic freezing than refrigeration (71.9%), RT (75.0%), and cold water (74.9%) for round. The
texture of sensory evaluation for round thawed by microwave result was the highest than refrigeration (4.7 point), RT (6.4
point) and cold water (6.6 point), while sensory evaluation was no significant difference. Therefore, it was shown that

microwave thawing is an appropriate way to reduce the deterioration of meat quality due to freezing.
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Introduction

The application of freezing for the preservation of foods
has been practiced for several years in order to maintain
quality during storage, distribution and marketing (Hane-
nian and Mittal, 2004; Li and Sun, 2002). Most frozen
foods are able to maintain the freshness by inhibiting the
growth and proliferation of microorganisms other than
psychotropic microbes (Tomaniak et al., 1998). Frozen
meats are used after thawing. The most common methods
to thaw frozen food include RT thawing, cold water thaw-
ing, steam thawing and contact thawing. These thawing
methods are time consuming and require external heating,
after which change in the quality of the meat occur (Kang
et al., 2007). Changes which take place during the thaw-
ing processes of frozen meat include the growth of micro-
organisms, weight loss due to drip loss, and color change
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(Berry, 1994; Kondratowicz et al., 2008), effect of WHC
(Miller et al., 1980; Sebranek, 1979; Zhuang, 2012), inc-
rease of rancidity (Lannari and Zaritzky, 1991; Sebranek
et al., 1978), denaturation of protein (Wagner and Anon,
1985; Wagner and Anon, 1986) and softening of tissues,
which results in a changes which are quite apparent to the
consumer (Fennema, 1973; Jason, 1974; Kim et al., 1990).

Recently, various thawing methods have been actively
researched using high-pressure thawing, microwave tha-
wing, ohmic thawing and acoustic thawing in order to
minimize amount of drip occurring at thawing time and
deterioration of quality (Dong et al., 2011; Hong et al.,
2007; Kim et al., 2006; Lee and Park, 1999; Li and Sun,
2002). However, these thawing methods require special
equipments or devices, the cost of which limits their avail-
ability (Li and sun, 2002). In addition, many researches
have attempted to identify how freezing and thawing con-
ditions affect meat (Mortensen, 2006; Muela, 2010; Vie-
ira, 2009; Xia, 2009). Jung (1999) reported that rapid tha-
wing for frozen meat results in a greater breakage of
myofibril and that this has an influence upon the quality
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of meat after thawing (Yu et al., 2010). Park et al. (2012)
reported that refrigeration thawing is the most suitable for
frozen pork, while Song and Lee (2002) reported that
repeating chilling and thawing negatively affects the
quality of meat. Szmanko et al. (1995) reported that the
storage period of meat frozen under -10°C did not affect
the WHC. Electro-magnetic freezing has recently been
used to minimize quality change during freezing. Electro-
magnetic freezing is maintain super-cooling of ice crystal
vibrating water molecule of freezing materials with energy
in magnetic field and freeze both the inside and outside of
material at the same time. Dropping the temperature
below a certain level to prevents the destruction of cellu-
lar tissues, which prevents water molecules from moving
(Iwasaka et al., 2011).

In this study, the effects of various thawing methods of
frozen beef are characterized for electro-magnetic and air
blast frozen loin and round.

Materials and Methods

Samples

Samples of this study are beef (Hanwoo) sampled one
day after slaughter. The beef was used grade 2 and loin
and round were sampled. The samples were cut to 5-7 cm
and were packed with aerobic packaging (23x32 cm, PE)
by the 500 g.

Thawing and freezing

For thawing beef, thawing by refrigeration at 4+1°C
(MicomCA-A11AC, LG, Korea), thawing by RT, and tha-
wing by cold water were carried out at 25°C and 15°C,
respectively, and thawing by microwave was carried out
using a microwave (RE-551B, 2450 MHz, 700 W, Sam-
sung Co., Korea) until the temperature of the meat rea-
ched 0°C. Samples were evaluated until their core tem-
perature reached at 0°C and repeated 20 time for each
sample as a preparatory experiment about overheating of
surface. Thawing time using refrigeration, RT, cold water
and microwave was 164.9h, 5.0h, 1.5h and 0.4 h, res-
pectively. Samples were frozen using the electro-magnetic
freezing and air blast freezing method. Electro-magnetic
freezing (AVI Co., Japan) samples were frozen at -55°C
using refrigeration of Dine jeju Co., while air blast frozen
samples were frozen at -45°C using a refrigeration of
Meat bank Co. Data logger (176T4, Testo, Germany) was
used to measure temperature, while a thermocouple (NiCr-
Ni thermocouple, SEF GmbH, Germany) was used for
sensing.

Analysis items and methods

Thawing time was used in sampling as a result of pre-
paratory experiment and temperature of sample for analy-
sis was measured after thawing. After thawing of frozen
beef, physicochemical and sensory evaluation was carried
out in order to compare the quality of each result and
repeated three times for each sample. Sensory evaluation
was carried out after heating the thawed samples and the
results were applied to statistical analysis.

Drip loss
Drip loss (%) is measured for frozen beef until the tem-
perature in center of meat reaches at 0°C.

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

Cooking loss

According to specific methods of thawing, the sample
weight is measured before/after cooking of the sample by
heating at 75°C in a water bath, and is taken out when the
temperature in center of the test material reaches at 65°C,
and then cooled, after which cooking loss is calculated by
following formula.

Cooking loss (%) = {weight before cook — weight after
cook) / weight before cook} x 100

Water holding capacity (WHC)

WHC of meat depending on each thawing method, using
the modified Kristensen and Purslow (2001) method, is
calculated by heating 5 g of minced meat at 70°C in a
water bath for 30 min and then cooling it, and then centri-
fuging at 1,000 rpm for 10 min and measuring total mois-
ture, after which is calculated by 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

Moisture contents
Moisture content is analyzed at 105°C by an ambient
drying method according to AOAC (1990).

Sensory evaluation
A sensory evaluation of samples was carried out based
on appearance, flavor, texture, taste and overall accept-
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ability with a scale of 9 points, and by 15 inspectors who
are chosen among personnel with more than 1 year of
experience in meat-related and sensory testing. 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 thick-
ness and heated using an electrical grill (HD-4417, Phil-
lips, Netherland) until the core temperature of meat rea-
ches 75°C, after which was provided to the inspectors for
sensory evaluation on a white dish.

Statistical analysis

The results from this test were applied to analysis of
variance using SAS program (2002) and its significance
was verified at the level of 5% using Duncan's multiple
range test.

Results and Discussion

Drip loss

The change of drip loss of beef after thawing according
to different thawing methods is shown in Figs. 1 and 2.
Drip loss after electro-magnetic freezing (Fig. 1) showed
significant differences depending on thawing methods
(»<0.05). Drip loss from loin and round with microwave
thawing indicated the lowest rate with 0.66% and 1.25%
respectively. This showed that there was 17.5-25.0% and
10.1-23.3% of drip loss effect for loin and round com-
pared with thawing by refrigeration, RT and cold water.
In terms of each part of meat, thawing by refrigeration
(1.57%), RT (1.63%), cold water (1.39%) and microwave
(1.25%) in round showed higher drip loss than thawing
by refrigeration (0.80%), RT (0.88%), cold water (0.81%)
and microwave (0.66%) in loin (p<0.05). This is similar
to the result of Lee and Park (1999), indicating that thaw-
ing by microwave is faster than thawing by common
methods, and that the amount of drip loss is reduced com-
pared with thawing at temperature higher than 4°C.

Drip loss by thawing after air blast freezing (Fig. 2)
showed a similar pattern to variations depending on thaw-
ing methods after electro-magnetic freezing (p<0.05). In
general, drip loss by any thawing method after air blast
freezing was higher than thawing after electro-magnetic
freezing. Drip loss rate by microwave thawing indicated
20.0-50.0% in loin and 7.0-20.0% in round compared
with reduction by refrigeration, RT and cold water. Drip
loss from round depending on each thawing method indi-
cated for refrigeration (2.15%), RT (2.50%), cold water
(2.31%) and microwave (2.01%), which is higher com-
pared with those in loin with thawing by refrigeration
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Fig. 1. Drip loss of beef in electro-magneticfreezing” by thaw-
ing methods. “*°Means in loin with different superscripts
are significantly different (p<0.05). ®Means in round with
different superscripts are significantly different (»p<0.05).
Refrigeration, 4+1°C; RT (Room temperature), 25°C; Cold
water, 15°C tap water; Microwave, Thawing method using
microwave oven. " Electro-magnetic freezing: -55°C
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Fig. 2. Drip loss of beef in air blast freezing? by thawing me-
thods. ““Means in loin with different superscripts are sig-
nificantly different (p<0.05). #EMeans in round with differ-
ent superscripts are significantly different (p<0.05). Refrig-
eration, 4£1°C; RT (Room temperature), 25°C; Cold water,
15°C tap water; Microwave, Thawing method using micro-
wave oven. PAir blast freezing: -45°C

(1.16%), RT (1.47%), cold water (1.86%) and microwave
(0.93%) (p<0.05). High drip loss means water soluble
losses from muscle fiber indicating a loss of nutrition.
Therefore, if meats from the results of this study are used
microwave thawing, drip loss from thawing would be
reduced, which is believed to contribute to the mainte-
nance of quality.

Cooking loss, WHC and moisture contents

Cooking loss, WHC and moisture contents for beef
which is thawed by each thawing method after electro-
magnetic freezing is shown in Table 1. Cooking loss was
43.7% after thawing by refrigeration in loin and 52.0%
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after thawing by microwave for round, which were higher
than those of other thawing methods (p<0.05). Although
cooking loss didn’t shown a tendency for each part of
beef, low cooking loss from thawing by RT for loin and
thawing by refrigeration for round was due to it exhibit-
ing greater drip loss than the other thawing methods.
Although WHC for each part of beef had no difference, it
showed 62.2% for thawing by microwave is higher than
that of refrigeration thawing (60.7%) in loin. Thawing by
microwave (63.3%) in round showed higher WHC than
thawing by RT (61.8%) and refrigeration (61.9%). Mois-
ture contents of loin and round are thawed by microwave
66.6% and 75.4% respectively. Table 2 showed results of
cooking loss and WHC for thawed beef depending on the
thawing methods after frozen by air blast freezing. Cook-
ing loss was 32.9-35.6% for loin depending on the thaw-
ing methods and 41.0-49.1% in round. Although cooking
loss for loin had no difference, cold water thawing in loin
the lowest value (32.9%). WHC thawing by microwave
in loin (60.6%) was higher than refrigeration thawing
(57.9%), while that in round (61.5%) indicated higher
than RT thawing (59.9%) and refrigeration thawing

(57.7%) (p<0.05). Moisture contents from loin and round
with microwave thawing indicated the highest rate at
66.4% and 74.7% respectively (p<0.05). Cooking loss
thawed by microwave for round of frozen beef was lower
than other thawing methods by contrast with drip loss.
WHC and moisture contents of samples after thawing
were higher regardless of the cut of meat. Yu ez al. (2010)
reported that with the higher thawing rate, the myofibril is
disrupted, and that drip and cooking loss by thawing
affect the quality of beef. It has also been reported that
the reduction of drip loss when meat processing by thaw-
ing frozen meat makes it possible to enhance the overall
quality of the sausage nutritional aspect (Tsukamasa et
al., 1992).

Sensory evaluation

Sensory evaluation was carried out for thawed beef
depending on thawing method (refrigeration, RT, cold
water and microwave) after both electro-magnetic freez-
ing and air blast freezing. The sensory evaluation of sam-
ples was carried out for appearance, flavor, texture, taste
and overall acceptability with a scale of 9 points. Samples

Table 1. Cooking loss, water holding capacity, and moisture contents of beef in electro-magnetic freezing! by thawing methods

(Unit: %)
Refrigeration” RTY Cold water? Microwave™
Loin Round Loin Round Loin Round Loin Round
Cooking loss 437£1.1°  41.8+24%  347+04°  50.120.7*  35.7x0.6"  50.8+0.5*  37.0+0.4°  52.0£0.7*
WHC? 60.7+0.9 61.9+1.9 61.6+0.9 61.8+0.4 61.8+0.3 62.0+0.2 62.2+0.5 63.3+£0.4
Moisture contents 67.1£0.5*  71.9+2.3% 642404  75.0+02*%  64.3x03° 74.9+0.1"®  66.6x0.5°  75.4+0.2%
**Means in loin with different superscripts are significantly different (p<0.05).
ABMeans in round with different superscripts are significantly different (p<0.05).
D Electro-magnetic freezing: -55°C,
? Refrigeration: 4+1°C,
9 RT (Room temperature): 25°C,
9 Cold water: 15°C tap water,
% Microwave: Thawing method using microwave oven,
® WHC: Water holding capacity.
Table 2. Cooking loss, water holding capacity, and moisture contents of beef in air blast freezing” by thawing methods (Unit: %)
Refrigeration” RTY Cold water? Microwave”
Loin Round Loin Round Loin Round Loin Round
Cooking loss 352412 41.0£1.2°  33.7+0.1  483+£2.0°® 329102  45.5+0.8% 35616  49.1x0.1%
WHC? 57.9+1.0°  57.7+0.8°  59.8+0.2°  59.9+0.1®  58.1x0.2°  59.8+0.3®  60.6x0.0°  61.5+0.5*
Moisture contents 64.2£0.3°  70.7+0.1°  63.6+0.3°  73.8+0.4%  63.7+03° 74.1x02%F  66.4+0.4°  74.7£0.2*

*®Means in loin with different superscripts are significantly different (p<0.05).
ACMeans in round with different superscripts are significantly different (p<0.05).
) Air blast freezing : -45°C,

? Refrigeration : 4+1°C,

9 RT (Room temperature) : 25°C,

4 Cold water : 15°C tap water,

% Microwave : Thawing method using microwave oven,

9 WHC : Water holding capacity.
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were cut to 1 cm thickness and were heated using an elec-
trical grill (HD-4417, Phillips, Netherland) until the core
temperature of meat reached 75°C, and provided to the
inspectors for sensory testing on a white dish. The result
is shown in Table 3. Texture from sensory evaluation for
loin depending on each thawing method after frozen by
electro-magnetic freezing indicated 8.0 point for thawing
by microwave, 8.0 point for cold water and 7.9 point for
RT and 5.7 point thawing by refrigeration. Round showed
higher value (7.9 point) in texture for microwave than
thawing by cold water (6.6 point), RT (6.4 point) and
refrigeration (4.7 point). In addition, overall acceptability
showed difference for each thawing method and it
showed the highest value for thawing by microwave and
the lowest value for thawing by refrigeration. Sensory
evaluation for loin and round didn’t show significant dif-
ferences.

Results of sensory evaluation against beef frozen by air
blast freezing are showed for each thawing method in
Table 4. The texture of loin indicated 6.7 point for RT and
7.3 point for refrigeration thawing, while that of round
showed 6.0 point for refrigeration thawing and 7.3 point
for microwave thawing. In addition, its overall accept-

Table 3. Sensory evaluation of beef in electro-magnetic freezing? by thawing methods

ability at loin showed 6.3 point for RT thawing and 7.3
point for refrigeration thawing. Although sensory evalua-
tion no significantly different depending on freezing and
thawing methods, evaluation was the highest when
applied to microwave thawing. Lee et al. (2007) reported
that there is a difference in texture and juiciness when
frozen beef is thawed at varying temperature, and simi-
larly, results from this study showed differences for each
thawing method.

Conclusion

Freezing has been applied to food to retain quality and
freshness, and to inhibit microbial growth. This research
was carried out on quality characteristics of frozen beef
by thawing methods (refrigeration, RT, cold water and
microwave). This study showed that meat thawed by
microwave indicated low drip loss by thawing, high
cooking loss and high WHC with higher moisture con-
tents than other thawing methods regardless of the cut of
beef which was thawed by each thawing method (refrig-
eration, RT, cold water and microwave). Sensory evalua-
tion was better for beef thawed by microwave, regardless

(unit: point)

Refrigeration” RTY Cold water? Microwave”
Loin Round Loin Round Loin Round Loin Round
Appearance 6.6+1.3 6.1£1.5 8.0+0.0 7.6£1.1 7.6+0.5 7.9+£0.3 7.6+0.7 7.6£0.5
Flavor 7.4+0.7 5.9+1.4 7.2+0.7 6.9+1.2 8.0+0.7 7.6£0.7 7.8+0.7 7.4+0.7
Texture 5.7£2.1 4.7£2.0 7.9+0.6 6.4£1.5 8.0+0.5 6.6+1.1 8.0+0.5 7.9+£0.8
Taste 6.3£2.0 5.2+1.9 7.4+0.7 7.0£1.0 7.9+0.6 7.6+£0.9 7.6+0.5 7.9£1.2
Overall quality 6.3£1.8 4.8+1.9 7.4+0.7 6.9+0.9 7.9+0.6 7.6+£0.9 8.0+0.5 7.9£1.2

NSNot significant.

D Electro-magnetic freezing: -55°C,

? Refrigeration: 4+1°C,
9 RT (Room temperature): 25°C,
4 Cold water: 15°C tap water,

% Microwave: Thawing method using microwave oven.

Table 4. Sensory evaluation of beef in air blast freezing” by thawing methods

(unit: point)

Refrigeration” Cold water? Microwave”
Loin Round Loin Round Loin Round Loin Round
Appearance 7.5£0.5 7.0£0.9 7.0+£0.7 7.6+0.5 7.1£0.6 7.3£0.9 6.7+0.7 7.6£0.5
Flavor 7.6+0.5 7.4+0.9 7.0+1.0 7.6+0.5 7.3+£1.0 8.0+0.0 7.6+£0.7 7.7+£0.5
Texture 7.3£0.9 6.0+0.7 6.7£0.9 7.0£1.0 7.1£0.9 7.0£0.5 7.1£1.1 7.3£1.0
Taste 7.1£0.4 6.1+0.9 6.0+£0.7 7.1£0.8 6.1£0.6 7.6+0.5 6.9+0.9 7.6+0.5
Overall quality 7.3+0.5 5.8+0.7 6.3+0.9 7.1£0.8 6.6+0.7 7.6+0.5 7.0+£0.7 7.6+0.7

NSNot significant.

D Air blast freezing : -45°C,

? Refrigeration : 4+1°C,

9 RT (Room temperature) : 25°C,
9 Cold water : 15°C tap water,

% Microwave : Thawing method using microwave oven.
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of the cut. Therefore, it was shown that microwave thaw-

ing is an appropriate way to reduce the deterioration of

quality by freezing.

10.

11.

12.

13.

14.

15.

16.

References

. AOAC. (1990) Official methods of analysis. 15" ed, Associ-

ation of Official Analytical Chemistry, Arlington, USA, p.
931.

Berry, B. W. (1994) Fat level, high temperature cooking and
degree of doneness affect sensory, chemical and physical pro-
perties of beef patties. J. Food Sci. 59, 10-14.

Dong, Q., Li, Y., Liang, N., and Mao, Q. (2011) Selection
and optimization of thawing treatment for the frozen pork.
ShengwuJiagongGuocheng. 9, 66-70.

Fennema, O. R. (1973) Nature of freezing process. In: Low
temperature preservation of foods and living matter. Fen-
nema, O. R., Powrie, W. D., and Marth, E. H. (eds) Marcel
Dekker Inc., NY, pp. 151-222.

. Hamm, R. (1972) Das Wasserbindungsvermogen des Mus-

keleiweBes in Theorie und Praxis. Nahrung. 16, 689-690.
Hanenian, R. and Mittal, G. S. (2004) Effect of freezing and
thawing on meat quality. J. Food Agri. Environ. 2, 74-80.
Iwasaka, M., Onishi, M., Kurita, S., and Owada, N. (2011)
Effects of pulsed magnetic fields on the light scattering prop-
erty of the freezing process of aqueous solutions. J. Appl.
Phys. 109, 07E320-07E320-3.

Jason, A. C. (1974) Rapid thawing of foodstuff. /F'ST-Pro-
ceeding.7, 146-157.

Jung, I. C. (1999) Effect of freezing temperature on the qual-
ity of beef loin aged after thawing. J. Kor. Soc. Food Sci.
Nutr. 28, 871-875.

Kim, J. Y., Hong, GP,, Park, S. H,, Lee, S., and Min, S. G
(2006) Effects of ohmic thawing on the physicochemical pro-
perties of frozen pork. Food Sci. Biotechnol. 15, 374-379.
Kim, Y. H., Yang, S. Y., and Lee, M. H. (1990) Quality changes
of thawed porcine meat on the thawing methods. Korean J.
Food Sci. Technol. 22, 123-128.

Kondratowicz, J., Chwastowska, S. I., and Burczyk, E. (2008)
Technological properties of pork thawed in the atmospheric
air or in the microwave oven as determined during a sixmonth
deep-freeze storage. Anim. Sci. Pap. Rep. 26, 175-181.
Kristensen L. and Purslow, P. P. (2001). The effect of ageing
on the water-holding capacity of pork: Role of cytoskeletal
proteins. Meat Sci. 58, 17-23.

Lannari, M. C. and Zaritzky, N. E. (1991) Effect of packag-
ing and frozen storage temperature on beef pigments. Int’l. J.
Food Sci. Technol. 26, 629.

Lee, E. S., Jeong, J. Y., Yu, L. H., Choi, J. H., Han, D. J,,
Choi, Y. S., and Kim, C. J. (2007) Effects of thawing temper-
ature on the physicochemical and sensory properties of fro-
zen pre-rigor beef muscle. Food Sci. Biotechnol. 16, 626-631.
Lee, J. K. and Park, J. Y. (1999) Rapid thawing of frozen
pork by 915 MHz microwave. Korean J. Food Sci. Technol.
31, 54-61.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Li, B. and Sun, D. W. (2002) Novel methods for rapid freez-
ing and thawing of foods - A review. J. Food Eng. 54, 175-
182.

Miller, A. J., Ackerman, S. A., and Palumbo, S. A. (1980)
Effects of frozen storage on functionality of meat for process-
ing. J. Food Sci. 45, 1466-1471.

Mortensen, M., Andersen, H. J., Engelsen, S. B., and Ber-
tram, H.C. (2006) Effect of freezing temperature, thawing and
cooking rate on water distribution in two pork qualities. Meat
Sci. 73, 34-42.

Muela, E., Sanudo, C., Campo, M. M., Medel, I., and Belt-
ran, J.A. (2010) Effect of freezing method and frozen storage
duration on instrumental quality of lamb throughout display.
Meat Sci. 84, 662-669.

Park, M. H., Kwon, J. E., Kim S. R., Won, JH,, Ji, J. Y.,
Hwang, 1. K., and Lim, M. R. (2012) Physicochemical and
microbiological properties of pork by various thawing meth-
ods. J. East Asian Soc. Dietary Life. 22, 298-304.

SAS. (2002) SAS/STAT Software for PC. Release 9.0, SAS
Institute Inc., Cary, NC, USA.

Sebranek, J. G, Sang, P. N., Rust, R. E., Topel, D. G., and
Kraft, A. A. (1978) Influence of liquid nitrogen, liquid carbon
dioxide and mechanical freezing on sensory properties of
ground beef patties. J. Food Sci. 43, 842-844.

Sebranek, J.G. Sang, P. N., Topel, D. G, and Rust, R. E. (1979)
Characteristics of ground beef patties effects of freezing me-
thods and frozen storage on chemical. J. Anim. Sci. 48, 1101-
1108.

Song, M. S. and Lee, S. J. (2002) Effect of freezing/thawing
cycles on physical properties of beef. Food Eng. Progress. 6,
101-108.

Szmanko, T., Honikel, K. O., and Hofmann, K. (1995)
Changes in histological structure and physiochemical prop-
erties of raw, cured, smoked pork loins resulting from freez-
ing near cryoscopic temperature. Nahrung. 39, 432-451.
Tomaniak, A., Tyszkiewicz, 1., and Komosa, J. (1998) Cryo-
protectants for frozen red meats. Meat Sci. 50, 365-37.
Tsukamasa, Y., Fukumoto, K., Ichinomiya, M., Sugiyama, M.,
Minegishi, Y., Akahane, Y., and Yasumoto, K. (1992) Char-
acterization and utilization of a drip exuding from frozen-
thawed pork. J. Jap. Soc. Food Sci. Technol. 39, 862-869.
Vieira, C., Diaz, M. T., Martinez, B., and Garcia-Cachan, M.
D. (2009) Effect of frozen storage conditions (temperature
and length of storage) on microbiological and sensory qual-
ity of rustic crossbred beef at different states of ageing. Meat
Sci. 83, 398-404.

Wagner, J. R. and Anon, M. C. (1985) Effect of freezing rate
on the denaturation of myofibrillar proteins. J. Food Technol.
20, 735.

Wagner, J. R. and Anon, M. C. (1986) Effect of frozen stor-
age on protein denaturation in bovine muscle. . Influence on
solubility, viscosity and electrophoretic behabiour of myofib-
rillarproteins. J. Food Technol. 21, 547.

Xia, X., Kong, Q., and Liu, J. (2009) Physicochemical
change and protein oxidation on porcine longissimusdorsi as
influenced by different freeze-thaw cycles. Meat Sci. 83,



Physicochemical and Sensory Quality of Frozen Beef by Thawing Methods 729

33.

239-245.

Yu, X. L., Li, X. B., Zhao, L., Xu, X. L., Ma, H. J., Zhou, G.
H., and Boles, J. A. (2010) Effects of different freezing rates
and thawing rates on the manufacturing properties and struc-
ture of pork. J. Muscle Food 21, 177-196.

34. Zhuang, H. and Savage, E. M. (2012) Postmortem aging and
freezing and thawing storage enhance ability of early deboned
chicken pectoralis major muscle to hold added salt water.
Poultry Sci. 91, 1203-1209.

(Received 2013.6.28/Revised 2013.11.8/Accepted 2013.11.11)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


