
723

Korean J. Food Sci. An.

Vol. 33, No. 6, pp. 723~729(2013)

DOI http://dx.do.org/10.5851/kosfa.2013.33.6.723

Effects of Various Thawing Methods on

the Quality Characteristics of Frozen Beef

Young Boong Kim*, Ji Yun Jeong, Su Kyung Ku, Eun Mi Kim, Kee Jae Park, and Aera Jang1

Division of Convergence Technology, Processing Technology Research Group,

Korea Food Research Institute, Sungnam 463-746, Korea
1Department of Animal Products and Food Science, Kangwon National University, Chuncheon 200-701, Korea

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 -45oC and electro-magnetic freez-

ing at -55oC, were thawed by 4 thawing methods with refrigeration (4±1oC), room temperature (RT, 25oC), cold water

(15oC), and microwave (2450 MHz). These samples were thawed to the point, which were core temperature reached 0oC.

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

(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. Szmańko 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 (23×32 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 0oC 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 164.9 h, 5.0 h, 1.5 h 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} × 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} × 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) × 0. 951* / total water contents × 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

(p<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

(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%

Fig. 1. Drip loss of beef in electro-magneticfreezing1) by thaw-

ing methods. a-bMeans in loin with different superscripts

are significantly different (p<0.05). A-BMeans in round with

different superscripts are significantly different (p<0.05).

Refrigeration, 4±1oC; RT (Room temperature), 25oC; Cold

water, 15oC tap water; Microwave, Thawing method using

microwave oven. 1) Electro-magnetic freezing: -55oC

Fig. 2. Drip loss of beef in air blast freezing2) by thawing me-

thods. a-cMeans in loin with different superscripts are sig-

nificantly different (p<0.05). A-BMeans in round with differ-

ent superscripts are significantly different (p<0.05). Refrig-

eration, 4±1oC; RT (Room temperature), 25oC; Cold water,

15oC tap water; Microwave, Thawing method using micro-

wave oven. 2)Air blast freezing: -45oC
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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 et 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 freezing1) by thawing methods

                                                                                                                                                                                             (Unit: %)

Refrigeration2) RT3) Cold water4) Microwave5)

Loin Round Loin Round Loin Round Loin Round

Cooking loss 43.7±1.1a 41.8±2.4B 34.7±0.4c 50.1±0.7A 35.7±0.6bc 50.8±0.5A 37.0±0.4b 52.0±0.7A

WHC6) 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±0.5a 71.9±2.3B 64.2±0.4b 75.0±0.2AB 64.3±0.3b 74.9±0.1AB 66.6±0.5a 75.4±0.2A

a-cMeans in loin with different superscripts are significantly different (p<0.05). 
A-BMeans in round with different superscripts are significantly different (p<0.05).
1) Electro-magnetic freezing: -55oC,
2) Refrigeration: 4±1oC,
3) RT (Room temperature): 25oC,
4) Cold water: 15oC tap water,
5) Microwave: Thawing method using microwave oven,
6) WHC: Water holding capacity.

Table 2. Cooking loss, water holding capacity, and moisture contents of beef in air blast freezing1) by thawing methods    (Unit: %)

Refrigeration2) RT3) Cold water4) Microwave5)

Loin Round Loin Round Loin Round Loin Round

Cooking loss 35.2±1.2 41.0±1.2C 33.7±0.1 48.3±2.0AB 32.9±0.2 45.5±0.8B 35.6±1.6 49.1±0.1A

WHC6) 57.9±1.0b 57.7±0.8C 59.8±0.2a 59.9±0.1B 58.1±0.2b 59.8±0.3B 60.6±0.0a 61.5±0.5A

Moisture contents 64.2±0.3b 70.7±0.1C 63.6±0.3b 73.8±0.4B 63.7±0.3b 74.1±0.2AB 66.4±0.4a 74.7±0.2A

a-bMeans in loin with different superscripts are significantly different (p<0.05).
A-CMeans in round with different superscripts are significantly different (p<0.05).
1) Air blast freezing : -45oC,
2) Refrigeration : 4±1oC,
3) RT (Room temperature) : 25oC,
4) Cold water : 15oC tap water,
5) Microwave : Thawing method using microwave oven,
6) 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-

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

Table 3. Sensory evaluation of beef in electro-magnetic freezing1) by thawing methods                                                        (unit: point)

Refrigeration2) RT3) Cold water4) Microwave5)

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.
1) Electro-magnetic freezing: -55oC,
2) Refrigeration: 4±1oC,
3) RT (Room temperature): 25oC,
4) Cold water: 15oC tap water,
5) Microwave: Thawing method using microwave oven.

Table 4. Sensory evaluation of beef in air blast freezing1) by thawing methods                                                                      (unit: point)

Refrigeration2) RT3) Cold water4) Microwave5)

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.
1) Air blast freezing : -45oC,
2) Refrigeration : 4±1oC,
3) RT (Room temperature) : 25oC,
4) Cold water : 15oC tap water,
5) Microwave : Thawing method using microwave oven.



728 Korean J. Food Sci. An., Vol. 33, No. 6 (2013)

of the cut. Therefore, it was shown that microwave thaw-

ing is an appropriate way to reduce the deterioration of

quality by freezing.
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