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ABSTRACT: This study aimed to determine the effects of thawing methods such as thawing in a refrigerator, at room tem-
perature, in cold water, and using a microwave oven on the pH, color value, 2-thiobarbituric acid (TBA) value, water-hold-
ing capacity, thawing loss, textural attributes, microbial status, and morphology of frozen beef samples. The redness (a*) 
value of beef samples thawed in cold water for prolonged time and those thawed at room temperature for prolonged time 
significantly increased compared with that of samples thawed using other methods. The TBA value and thawing loss of beef 
samples thawed in a refrigerator were significantly lower than those of samples thawed using other methods. Regardless 
of the thawing method used, beef samples thawed for prolonged time showed significantly high TBA values. With regard 
to texture, beef samples thawed using a microwave oven showed the maximum hardness compared with those thawed 
using other methods. The total aerobic bacterial count in fresh beef samples was 1.98 log colony-forming unit (CFU)/g, 
whereas that in samples thawed at room temperature was 2.49 log CFU/g. Beef samples thawed at room temperature for 
prolonged time and those thawed using a microwave oven showed irregular structure. These data demonstrated that the 
thawing condition affects the physicochemical and microbiological qualities of beef, with thawing in a refrigerator result-
ing in superior beef quality than thawing at room temperature or using a microwave oven.
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INTRODUCTION

Freezing is a commonly used method to preserve meat 
for long period of time. Hence, appropriate freezing and 
thawing procedures are important. The quality of thawed 
frozen meat is thought to be closely related to the thaw-
ing process and condition. This indicates that thawing 
can affect the sensory attributes of meat (Lagerstedt et al., 
2008). Thawing directly changes muscle fibers and cell 
membranes, which in turn affects the quality deteriora-
tion of meat (Leygonie et al., 2012). However, the thaw-
ing of meat can lead to microbial growth, reduced nutri-
tional values because of leaching of soluble proteins, and 
loss of large amounts of meat juice (Min et al., 2016). The 
quality of meat is classified on the basis of water-holding 
capacity, pH, and color. Because thawing conditions af-
fect the quality of frozen foods, such as microbial growth, 
chemical properties, and texture, appropriate thawing of 
these foods is essential. Moreover, appropriate freezing 
and thawing can prevent food poisoning. Thawing beef 
for prolonged time is a common practice at home; how-
ever, this process negatively affects the biochemical and 

physicochemical attributes of meat. Therefore, the loss 
of food quality depends on the thawing method and thaw-
ing temperature (Redmond and Griffith, 2003). Some 
studies have shown that increased freezing temperature 
affects drip loss in meat quality (Pietrasik and Janz, 2009; 
Choi et al., 2018). High-pressure thawing, ohmic thawing, 
and acoustic thawing are rapid thawing methods used in 
food technology. Offer and Knight (1988) reported that 
the thawing method influences pH, protein denaturation, 
intrafascicular and interfascicular spacing, and sarcomere 
length. Thawing meat in a refrigerator or in cold water is 
recommended because an increase of 7.2°C in food tem-
perature is undesirable and the resultant food quality 
cannot be assured (U.S. Food and Drug Administration, 
2022). Storage by freezing can effectively impede physi-
cal change; however, the food quality may decrease based 
on the thawing method. Some studies on meat quality 
have investigated the effects of various thawing methods 
(Sage and Ingham, 1998; Medeiros et al., 2000; Yamamoto 
and Harris, 2001; Park et al., 2012). Different thawing 
methods, thawing time, and sample volume can affect 
the physicochemical properties of thawed beef. Moreover, 



Quality of Beef Thawed Under Various Conditions 81

excessive thawing for prolonged time or at high tempera-
ture can reduce the quality of beef. However, few studies 
have conducted quality evaluation of beef thawed for pro-
longed time, as well as for normal time. Therefore, the 
present study investigated the effects of different thaw-
ing methods, including different thawing times, on the 
physicochemical properties of beef, such as color, pH, 
thawing loss, lipid oxidation, and textural and microbi-
ological attributes.

MATERIALS AND METHODS

Reagents
Butylated hydroxyanisole (BHA) and 2-thiobarbituric acid 
(TBA) were purchased from Sigma-Aldrich. Petrifilm was 
obtained from 3MTM.

Beef samples
Beef samples (sirloin) were purchased from a market in 
Daegu, Korea, and divided into two beef loaves weighing 
200 g each. Next, the samples were placed separately in 
polyethylene bags and frozen at −18°C for 3 days in a 
laboratory freezer. Subsequently, the samples were thawed 
using different thawing methods until the core tempera-
ture reached 1°C because thawing times may vary depend-
ing on the weight and shape of the frozen mass (Chun et 
al., 2016; Bai et al., 2023). Thawing methods that are 
commonly used at home, including thawing in a refrig-
erator, in cold water, at room temperature, and using a 
microwave oven, were selected in this study. Thawing at 
room temperature was performed at 23°C for 3 h and 30 
min; meanwhile, thawing in cold water was performed 
using cold drinking water at 15°C for 2 h. Thawing in a 
microwave oven was performed using the automatic thaw-
ing setting (8 min), and thawing in a refrigerator was per-
formed using a refrigerator at 4°C for 24 h. Additionally, 
thawing at room temperature, in cold water, and in a re-
frigerator was performed for prolonged time, which was 
twice longer than the normal thawing time, to evaluate 
beef quality after excessive thawing.

Colorimetric parameters
The meat juice was removed from the surface, and color 
measurements were performed using a Hunter colorime-
ter (ColorReader CR2, Shenzhen ThreeNH Technology 
Co., Ltd.) on the basis of certain standards (L*=92.13, 
a*=0.31, b*=−0.63). The L* (lightness), a* (redness), 
and b* (yellowness) values of beef samples were measured 
in triplicate.

pH value
Distilled water (50 mL) was added to 10 g of sample and 
homogenized (Stomacher 400 Circulator lab blender, 

Seward Ltd.) for 2 min. The pH of the homogenate was 
measured using a pH meter (MP220 pH Meter, METTLER 
TOLEDO) equipped with a thermostat.

Thawing loss
Thawing loss was analyzed on the basis of the method 
described by Association of Official Analytical Chemists 
(U.S. Food and Drug Administration, 1999). Beef sam-
ples were transferred to centrifugation tubes (MEGA 17R, 
Hanil) and centrifuged at 100 g for 10 min at 4°C. Next, 
the weight of samples was measured after removing the 
released meat juice to measure the amount of meat juice 
that was released. Thawing loss was calculated as the dif-
ference in weight before and after thawing and expressed 
as the percentage of the weight of the liquid released.

TBA value
The TBA values of thawed samples were measured in ac-
cordance with the method of Buege and Aust (1978). A 
sample weighing 5 g was transferred into a flask contain-
ing 50 L of BHA and 15 mL of distilled water and then 
homogenized using a homogenizer (T 10 basic ULTRA- 
TURRAX, IKA) for 30 s. Next, an aliquot (1 mL) of the 
homogenate was transferred into a test tube and mixed 
with 2 mL of TBA/trichloroacetic acid solution. This mix-
ture was heated at 90°C for 15 min and centrifugated at 
100 g for 10 min using an automatic refrigerated centri-
fuge. Subsequently, the absorbance of samples was mea-
sured using a spectrophotometer (DU 800, Beckman) at 
531 nm.

Texture analysis
Texture analysis of beef samples was performed using a 
textrometer (COMPAC-100, Sun Scientific Co.) with the 
following settings: Texture Profile Analysis test mode, 
12.7-mm diameter probe, 1 mm/s speed, maximum force 
2 kg, and 60% sample compression. The meat juice was 
removed from the surface, and the sample was cut into 
2×2×2 cm cubes. The texture parameters were deter-
mined from the force-deformation curve.

Microbiological analysis
To determine the total microbial and Enterobacteriaceae 
counts in the thawed beef samples, 20 g of samples was 
taken, immediately diluted with 180 mL of 0.85% saline 
solution in a sterile stomacher bag, and homogenized in 
a stomacher (Stomacher 400 Circulator lab blender) for 
2 min. The diluted sample was homogenized, and 1 mL 
from each dilution was transferred using a pipette onto 
sterile culture media in Petrifilm. The Petri plates were 
incubated at 30°C±1°C for 24 h. Petrifilm aerobic and 
coliform count plates were used to determine the micro-
biological and coliform bacterial counts. Plates present-
ing 30∼300 red colonies were selected and counted, and 
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Table 1. Color values of thawed beef samples

Thawing condition L* a* b* E

Fresh beef 33.43±0.37a 27.30±0.13c 10.40±0.28c −
Refrigerator 33.55±0.40a** 28.12±0.45b 10.25±0.76c 0.72±0.13c*
Cold water 33.50±0.11a** 28.93±0.33b 10.38±0.12c 0.82±0.06b

Room temperature 32.43±0.39b** 28.83±0.36b 11.29±0.09b 1.41±0.08a**
Microwave oven 32.21±0.16b 28.03±0.21b 11.13±0.38b 0.84±0.90b

Refrigerator II 32.06±0.33b 28.09±0.73b 11.39±0.53ab** 0.31±0.08c

Cold water II 32.38±0.43b 29.63±0.28a** 11.18±0.43b** 1.59±0.11a**
Room temperature II 31.98±0.31c 29.44±0.56a** 11.90±0.08a 0.85±0.06b

Values are presented as mean±SD (n=3).
II implies that thawing time was twice the normal thawing time.
Different letters (a-c) indicate a significant difference within the same column (P<0.05).
Means are significantly different between samples thawed for normal and prolonged time by t-test (*P<0.05, **P<0.01).

colony-forming unit (CFU)/mL was determined consid-
ering the average of triplicates.

Morphology
The structures of thawed beef samples obtained using 
different thawing methods were observed under a light 
microscope. The samples were cut and stored in Bouin’s 
fixative. Thereafter, they were embedded in paraffin. Tis-
sue sections (10∼15 m) were stained with Mayer’s he-
matoxylin and eosin and examined under a light micro-
scope (Axioplan 2, Carl Zeiss). Photographs were taken 
using an imaging system.

Statistical analysis
Statistical analyses were performed using IBM SPSS Sta-
tistics version 20 (IBM Corp.). The results are expressed 
as mean±standard deviation, and statistical significance 
was considered at P<0.05. Differences in continuous var-
iables among different samples were assessed using the 
t-test and one-way analysis of variance, followed by 
Duncan’s multiple range test.

RESULTS AND DISCUSSION

Colorimetric parameters
The L*, a*, and b* values represent the color of beef sam-
ples. The results of instrumental color analysis are shown 
in Table 1. The L* value of fresh beef sample was 33.43, 
whereas those of beef samples thawed at room temper-
ature and using a microwave oven decreased significantly 
to 32.43 and 32.21, respectively. The a* value of fresh 
beef sample was 27.30, whereas those of beef samples 
thawed in a refrigerator, in cold water, at room temper-
ature, and using a microwave oven were 28.12, 28.93, 
28.83, and 28.03, respectively, showing a significant in-
crease in all thawing methods. The b* value of fresh beef 
sample was 10.40, whereas those of beef samples thawed 
in a refrigerator, in cold water, at room temperature, and 
using a microwave oven were 10.25, 10.38, 11.29, and 

11.13, respectively, showing a significant increase in the 
latter two thawing methods. Furthermore, during pro-
longed thawing, the L* values of beef samples signifi-
cantly decreased when they were thawed in a refrigerator, 
in cold water, and at room temperature (P<0.05). The 
a* values of beef samples thawed in cold water and at 
room temperature for prolonged time significantly in-
creased compared with those of samples thawed for nor-
mal time (P<0.05). The b* values of beef samples thawed 
in a refrigerator and at room temperature for prolonged 
time also significantly increased (P<0.05). The E val-
ues of beef samples thawed in cold water and at room 
temperature for prolonged time were higher than those 
of other samples. Freezing and thawing have been re-
ported to affect the a value of meat samples by oxidizing 
myoglobin (Pan et al., 2021). Suman and Joseph (2013) 
reported that increasing the temperature tended to in-
crease myoglobin oxidation and discoloration in beef. The 
increase in the a value by thawing in the present study 
was consistent with the results of previous studies.

pH
The changes in the pH of beef samples according to thaw-
ing method and thawing time are shown in Table 2. The 
pH value of fresh beef sample was 6.09, whereas those 
of beef samples thawed in a refrigerator, in cold water, 
at room temperature, and using a microwave oven in-
creased significantly to 6.10, 6.11, 6.12, and 6.12, respec-
tively (P<0.05). The pH values of beef samples thawed 
in a refrigerator, in cold water, and at room temperature 
for prolonged time were significantly higher than those 
of samples thawed for normal time (P<0.05). This find-
ing may be because of the increase in pH caused by ami-
no acid leakage during prolonged thawing. Demeyer et 
al. (1979) reported that the storage of meat increased the 
pH value because of free amino acids generated by beef 
containing enzymes, changes in protein buffers, degree of 
electrolyte dissociation, ammonia production, and amino 
acid degradation. Farouk et al. (2004) also reported that 
thawing for prolonged time increases pH by damaging 
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Table 2. pH, thawing loss, and TBA values of thawed beef samples

Thawing condition pH Thawing loss (%) TBA value (MDA mg/kg)

Fresh beef 6.09±0.00f − 0.21±0.02e

Refrigerator 6.10±0.01e 24.75±0.69e 0.22±0.00de

Cold water 6.11±0.00de 26.37±0.07d 0.23±0.01cd

Room temperature 6.12±0.01cd 28.33±0.14b 0.25±0.01b

Microwave oven 6.12±0.01bc 26.31±0.03d 0.24±0.01bc

Refrigerator II 6.13±0.01b* 26.30±0.41d** 0.23±0.01cd*
Cold water II 6.13±0.00b* 27.75±0.02c* 0.25±0.00b**
Room temperature II 6.16±0.01a* 32.96±0.34a** 0.29±0.00a**

Values are presented as mean±SD (n=3).
II implies that thawing time was twice the normal thawing time.
Different letters (a-f) indicate a significant difference within the same column (P<0.05).
Means are significantly different between samples thawed for normal and prolonged time by t-test (*P<0.05, **P<0.01).
TBA, 2-thiobarbituric acid; MDA, malonaldehyde.

muscle cells and causing drip. In the present study, cell 
damage in beef samples thawed for prolonged time in a 
refrigerator, in cold water, and at room temperature may 
have increased the pH value.

Thawing loss
The differences in thawing loss according to thawing con-
ditions are presented in Table 2. The thawing loss values 
of beef samples thawed in a refrigerator, in cold water, 
at room temperature, and using a microwave oven were 
24.75%, 26.37%, 28.33%, and 26.31%, respectively. No 
significant difference was observed among the thawing 
methods at the normal thawing time. The thawing loss 
value of beef samples thawed for prolonged time at room 
temperature was 32.96%, which was significantly higher 
than that of samples thawed under different conditions 
(P<0.05). Relating to the results of the previous pH ex-
periment, beef samples with high thawing loss also had 
a high pH. The correlation between pH and thawing loss 
of thawed beef samples was r2=0.9866. Aaslyng et al. 
(2003) also reported that pH and thawing loss values 
showed a positive correlation, which was affected by pro-
tein denaturation and an unstable degree of damage dur-
ing thawing. The thawing loss values of beef samples 
thawed in a refrigerator, in cold water, and at room tem-
perature for prolonged time were relatively higher than 
those of samples thawed for normal time. Boles and Swan 
(2002) reported that a slow thawing rate (overnight at 
5°C) and prolonged thawing time increased the amount 
of thawing loss. The present study also demonstrated 
that thawing loss at room temperature, which occurred 
slower than that under other thawing conditions, was 
higher than that of other thawing methods.

TBA value
The measurement of TBA values is commonly used to 
determine lipid oxidation in food and is related to flavor 
(Nissen et al., 2004). The TBA values obtained under va-

rious thawing methods are presented in Table 2. The 
TBA value of fresh beef sample was 0.21 malonaldehyde 
mg/kg (MDA mg/kg), and a significant difference was 
observed depending on the thawing method. The TBA 
values of beef samples thawed in a refrigerator, in cold 
water, at room temperature, and using a microwave oven 
for normal time were 0.22, 0.23, 0.25, and 0.24 MDA 
mg/kg, respectively. Essentially, the TBA value increased 
under various thawing methods without prolonged thaw-
ing time. Thawing at room temperature for prolonged 
time resulted in a TBA value of 0.29 MDA mg/kg, which 
was the highest lipid oxidation value compared with that 
of other thawing methods. The TBA values of beef sam-
ples thawed in a refrigerator, in cold water, and at room 
temperature for prolonged time significantly increased 
compared with those of samples thawed for normal time 
(P<0.05). Zhou and Xie (2021) reported an increase in 
TBA values in mackerel thawed for prolonged time, which 
is similar to the results of the present study. Estévez et 
al. (2006) reported that increased lipid oxidation affects 
the color and other sensory traits of meat. The TBA val-
ues of beef samples thawed at room temperature for pro-
longed time significantly increased from 0.25 to 0.29 
MDA mg/kg, which was the highest, followed by sam-
ples thawed at room temperature for normal time and 
samples thawed in cold water for prolonged time. This 
result indicated that lipid oxidation was increased in meat 
samples treated physically, such as freezing and thawing. 
This finding is consistent with the results of Benjakul and 
Bauer (2001) who reported that physical treatments such 
as freezing and thawing increased fat acidity in meat. 
This study demonstrated the effects of thawing on the 
lipid oxidation of meat while considering factors such as 
thawing time and temperature. When beef is thawed, free 
radicals and free metal ions are formed, which could in-
crease lipid oxidation. In the present study, fatty acid ox-
idation may have increased when the thawing time was 
prolonged.
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Table 3. Textural characteristics of thawed beef samples

Thawing condition Hardness (g) Cohesiveness Springiness (mm) Gumminess Chewiness

Fresh beef 1,238.63±4.45e 0.88±0.06a 5.30±0.18a 1,094.19±69.81b 5,797.51±283.33b

Refrigerator 1,324.91±19.50d* 0.73±0.01bc* 4.36±0.15bc*  971.56±12.39c** 4,237.24±202.49c*
Cold water 1,582.46±9.65b** 0.72±0.01cd* 5.27±0.02a* 1,134.06±5.38b** 5,972.69±15.95b**
Room temperature 1,360.86±10.53c** 0.65±0.03e* 4.19±0.06c*  889.24±40.27de 3,724.57±221.69d*
Microwave oven 1,785.13±2.21a 0.78±0.02b 4.53±0.06a 1,386.43±25.57a 6,285.99±190.15a

Refrigerator II 1,240.70±1.79e 0.69±0.01cde 3.57±0.05d  851.95±7.21de 3,044.07±23.65f

Cold water II 1,351.94±7.72c 0.67±0.01de 3.73±0.05d  910.33±12.27cd 3,395.82±86.06e

Room temperature II 1,151.94±7.72f 0.72±0.06cd 3.31±0.13e  829.14±65.79e 2,736.22±119.41g

Values are presented as mean±SD (n=3).
II implies that thawing time was twice the normal thawing time.
Different letters (a-g) indicate a significant difference within the same column (P<0.05).
Means are significantly different between samples thawed for normal and prolonged time by t-test (*P<0.05, **P<0.01).

Table 4. Total aerobic bacterial and coliform counts of thawed 
beef samples

Thawing condition Total aerobic bacteria
(log CFU/g)

Coliforms
(log CFU/g)

Fresh beef 1.98±1.05b N.D.
Refrigerator 2.13±0.71ab N.D.
Cold water 2.22±0.76ab N.D.
Room temperature 2.49±1.32ab N.D.
Microwave oven 2.43±1.00ab N.D.
Refrigerator II 2.47±1.06ab N.D.
Cold water II 2.65±1.07a N.D.
Room temperature II 2.82±1.72a N.D.

Values are presented as mean±SD (n=3).
II implies that thawing time was twice the normal thawing time.
Different letters (a,b) indicate a significant difference within the 
same column (P<0.05).
CFU, colony-forming unit; N.D., not detected.

Texture 
The textural characteristics of thawed beef samples were 
evaluated using a textrometer, and textural differences 
based on different thawing methods were examined (Ta-
ble 3). The maximum resistance of a sample generally 
characterizes its hardness when the first compression is 
applied. The hardness value of fresh beef sample was 
1,238.63 g, and those of beef samples thawed in a re-
frigerator, in cold water, at room temperature, and using 
a microwave oven were 1,324.91, 1,582.46, 1,360.86, and 
1,785.13 g, respectively. Beef sample thawed using a mi-
crowave oven showed the maximum hardness, gummi-
ness, and chewiness compared with those thawed using 
other methods. As the beef sample thawed using a mi-
crowave oven reached a high temperature, the surface be-
came harder. However, the hardness values of beef sam-
ples thawed in a refrigerator, in cold water, and at room 
temperature for prolonged time were significantly lower 
than those of samples thawed for normal time (P<0.05). 
This pattern was also observed in other characteristics 
such as cohesiveness, springiness, and chewiness, which 
could be because of water loss by heat and structural 
changes of beef during the prolonged thawing time. These 
results indicated that the thawing time and thawing meth-
od were important factors that influenced hardness, cohe-
siveness, springiness, and chewiness of meat. This might 
be because some of the myofibrillar and connective tis-
sue proteins were decomposed because of self-digestion 
by proteolytic enzymes present in the muscle, which be-
came flexible (Forrest et al., 1975).

Bacterial counts
The effect of thawing in a refrigerator, in cold water, at 
room temperature, and using a microwave oven on the 
microbial properties of beef samples was evaluated. Fresh 
beef sample was used as a control to validate the effi-
ciency of thawing time on the total bacterial count. The 
total bacterial count in fresh beef sample was 1.98 log 
CFU/g, and no coliforms were detected (Table 4). How-
ever, the total bacterial counts of beef samples thawed in 

a refrigerator, in cold water, at room temperature, and 
using a microwave oven showed significant differences 
of 2.13, 2.22, 2.49, and 2.43 log CFU/g, respectively. The 
total bacterial counts of beef samples thawed in cold wa-
ter and at room temperature for prolonged time were 
2.65 and 2.82 log CFU/g, respectively, which were sig-
nificantly different from those of fresh beef sample. Mi-
crobial growth was effectively stopped by freezing but it 
regain during thawing (Löndahl and Nilsson, 2003). The 
total bacterial counts were not significantly different be-
tween beef samples thawed for normal and prolonged 
time. Conversely, a previous study on microwave oven 
thawing reported an increase in microbial growth, which 
caused deterioration of chemical attributes such as drip 
loss (Speck and Ray, 1977). Several studies have indi-
cated that it is possible to reduce drip loss and chemical 
deterioration using the microwave oven thawing method 
(Virtanen et al., 1997; Kang et al., 2008). However, in the 
present study, no significant difference was observed in 
the total bacterial counts of beef samples thawed using a 
microwave oven compared with fresh beef sample. More-
over, no coliforms were detected in all beef samples.
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Fig. 1. Morphologies of (A) fresh 
beef sample, (B) beef samples thaw-
ed in a refrigerator, (C) beef sam-
ples thawed in cold water, (D) beef 
samples thawed at room tempera-
ture, (E) beef samples thawed using 
a microwave oven, (F) beef samples 
thawed in a refrigerator for prolong-
ed time, (G) beef samples thawed in 
cold water for prolonged time, and 
(H) beef samples thawed at room 
temperature for prolonged time 
(×100). The arrows indicate uneven 
tissues or a wide gap between mus-
cle fibers.

Morphology
The morphological changes of beef samples thawed us-
ing different thawing methods under different thawing 
times are shown in Fig. 1. Fresh beef sample (Fig. 1A), 
beef samples thawed in a refrigerator (Fig. 1B), and beef 
samples thawed in cold water (Fig. 1C) did not show 
structural damage or tissue changes. However, beef sam-
ples thawed using a microwave oven (Fig. 1E) and at 
room temperature for prolonged time (Fig. 1H) showed 
uneven tissues or a wide gap between muscle fibers (the 
arrows in Fig. 1) compared with fresh beef sample. In 
other thawing conditions, beef samples showed a con-
stant pattern without tissue damage (Park et al., 1999). 
It seems that this difference in morphology is associated 
with the loss of thawed beef under different thawing 
methods and thawing time. The characteristics of muscle 
tissue affect meat quality, which is associated with mois-
ture content and texture. Therefore, morphology is com-
monly used to analyze meat quality by microscopy. Struc-
tural changes were clearly evident when the beef samples 
were thawed using a microwave oven (Fig. 1H). These re-
sults suggested that the beef samples underwent changes 
and that muscle tissues were chemically damaged during 
microwave oven thawing. Thawing using a microwave 
oven may weaken the protein and lipid structures of the 
muscle and increase the thawing loss of beef samples.

Therefore, the results of this study indicate that thaw-
ing frozen beef in a refrigerator is better than thawing it 
at room temperature. Thawing processes result in a ser-
ies of physical and chemical changes, which may in turn 
affect meat quality. Microwave oven thawing can reduce 
the thawing time; however, beef samples thawed using 
this method showed a significantly increased bacterial 
count. In conclusion, the thawing procedure and time af-
fect meat quality characteristics such as thawing loss, col-
or, and lipid oxidation.  
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