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ABSTRACT

This study aimed to examine the impact of various thawing methods (refrigerator, room
temperature, and microwave oven) on the physicochemical and nutritional properties of beef meat
(Longissimus dorsi). The following analyses were performed: weight loss, water content, ash, fat
and protein content, water-holding capacity, colour, texture, water activity (aw), pH value, and
mineral composition. The results indicated that the thawing method significantly affects meat
quality (p<0.05).

The highest weight loss was recorded in samples thawed in a microwave oven (2.36%), while
the lowest was in samples thawed in the refrigerator (0.81%). The highest water content was found
in meat thawed in the refrigerator (74.99%), and the lowest was in samples thawed at room
temperature (74.42%). The meat thawed at room temperature had the lowest water-holding
capacity and the highest fat content. Colour changes were noted in all treatments, showing a
decrease in lightness (L*) as well as in a* and b* values, except for microwave-thawed samples.
The highest texture firmness was measured in samples thawed in the refrigerator (4.34 kg). Water
activity and pH levels increased after thawing in all treatments. Mineral content varied between
fresh and thawed samples, with certain minerals showing notable deviations.

It was concluded that the slow defrosting method (at refrigerator temperature) best preserves
the nutritional quality of beef meat.

Keywords: thawing methods, beef meat, quality, nutritional properties

INTRODUCTION

Freezing preservation is the most common method of food preservation. It can extend the
shelf-life of food at subzero temperatures by removing large amounts of water from the solute
phase to inhibit chemical, microbial, physical, and other reactions (Saki et al., 2023). Compared to
other preservation methods, freezing is an important means to maintain the nutritional value and
organoleptic properties of meat during processing, storage and transportation (Gan et al., 2022).
Understanding the mechanism of ice formation is very important to improve the quality of frozen
foods. The method is based on converting water in the form of ice crystals and lowering the
temperature, which can stop all chemical, biochemical, and microbiological processes (Lovri¢ et
al., 2003). The transition water to ice, simultaneously increase in the concentration of dissolved
substances, and affects the reduction of water activity in food (Delgado & Sun, 2007), by reducing
the activity of water below 0.7 when the metabolic activity of most microorganisms is significantly
decreased or completely stopped (Nesvadba, 2008).
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The formation of ice during the freezing process leads to both physical and chemical changes
in the product (Li et al., 2018). The intensity of these changes is largely influenced by the freezing
rate, storage conditions, and the thawing method (Muela et al., 2012; Zequan et al., 2019). When
freezing occurs slowly, fewer crystallization centers are formed, mainly in the intercellular spaces.
The extended time required for ice crystal formation allows more water to be drawn from muscle
fibers, resulting in larger crystals. Rapid freezing results in a greater number of crystallization
centers forming both between and within muscle cells, the shorter freezing time limits water
migration, and producing smaller crystals. Ultra-rapid freezing of meat generates a high number of
very small ice crystals, primarily located inside the muscle fibers (Vukovi¢, 2012; Zivkovié¢ &
Staji¢, 2016).

Before use, most frozen foods need to be thawed after being frozen and stored in that state.
Thawing is the reverse process of freezing (Nesvadba, 2008). There are various methods for
thawing frozen meat, and the most common traditional techniques include thawing in a
refrigerator, in cold water, at room temperature, or using a microwave oven. In addition to these,
modern thawing methods have been developed, such as high-pressure thawing, acoustic thawing,
thawing by electro-heating (Akhtar et al., 2013), ultrasonic thawing and infrared thawing (Gan et
al., 2022). During the thawing process, meat is often accompanied by protein degradation, fat
oxidation, color deterioration and reduced water holding capacity due to the melting of ice crystals
(Gan et al., 2022). Therefore, in order to improve the quality of thawed meat, it is important to
adopt appropriate thawing methods (Alonso et al., 2016).

This paper aims to examine the influence of different thawing procedures (at room
temperature, in the microwave oven, and in the refrigerator at 4°C) on the physico-chemical
properties of beef meat.

MATERIAL AND METHODS OF WORK

Analyses were performed on a sample of fresh beef meat (Longissimus dorsi) obtained from
the market. The pieces were cut into 2.0 cm thick slices, packed in polyethylene bags and, after
marking, froze at a temperature of -20°C. After freezing the samples were stored at -20 °C for 24 h,
until the analysis. Before the analysis, the samples were thawed in one of the following ways: 2
hours at 20°C (at room temperature), thawing in a microwave oven (2450 MHz, 700 W) to the
temperature of 4°C in the center of the piece of meat, and 10 hours at 4°C (in a refrigerator). All
analyses were performed on fresh (unfrozen) samples, as well as on samples after freezing and
after certain defrosting treatments of the samples thawing using different methods.

The freezing/thawing weight loss was determined by measuring the weight of fresh meat
samples before freezing and after thawing. The moisture content was determined by drying (BAS
ISO 1442:2007), ash by incineration at 550°C (BAS ISO 936:2007), fat by extraction (BAS ISO
1443:2007), and protein by Kjeldahl method (BAS ISO 937:2007). The compression method (Grau
& Hamm, 1953) was used to measure the water-binding capacity of beef meat, using the digital
planimeter (Placom KP-92N, Koizumi, JAPAN). Water activity (aw) was measured by direct
readings in Aw Meter (Novasina LabMaster-AW 1119971). The pH value was measured by
inserting a pH meter (Hanna instruments, HI 2211) into aqueous meat extract. Instrumental colour
measurement was performed using a spectrophotometer CM-2600d (Konica Minolta Sensing Inc.,
Japan), colour parameters, expressed as CIE L*, a* and b* values, were determined as respective
indicators of lightness, redness, and yellowness. Texture was determined using a Texture Analyzer
TA.XT plus (Stable Micro Systems) with Warner-Blatzler knife cutting blade which measures the
shear force needed to cut the sample (1x1 cm). The meat samples were prepared according to
Mandi¢ et al. (2013).

Sample preparation for mineral analysis was carried out by digestion with a mixture of acids,
and an Optical Emission Spectrophotometer (ICP OES Optima 8000, Perkin Elmer) was used to
determine the mineral content (Savanovi¢, 2021).

All analyses were performed with three repetitions, and instrumental colour and texture
measurement with 10 repetitions.
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Statistical processing of the obtained results was performed using the Microsoft Excel 2013
software package and the IBM SPSS Statistics 22.0 computer program for Windows (Armonk,
NY, United States). The results obtained in this paper are presented as mean values + standard
deviation (SD). The significance of differences between arithmetic means was determined by
analyzing the variance with one independent variable (One way ANOVA) and multiple interval
tests (Tukey Post-hoc test) and expressed with 95% probability (p<0.05).

RESULTS AND DISCUSSION

Weight loss and chemical composition of beef meat are presented in Table 1. As can be seen
from the results, the thawing method has a statistically significant influence (p<0.05) on the weight
loss and chemical composition of beef meat. Weight loss is an important change that occurs during
freezing and thawing of products. The analysis showed that significant weight loss was observed in
the meat thawed in the microwave (2.36%). This result differs significantly from the results
obtained for meat thawed at room temperature (1.32%) and refrigerator temperature (0.81%). The
formation of ice during freezing leads to physical and chemical changes in the product. The main
physical effects include mechanical damage, changes in muscle fibers and cell membranes, water
migration, ice recrystallization, and moisture loss during thawing (Suci¢ et al., 2010; Savanovi¢ et
al., 2017; Park & Kim, 2024). The amount of water released during thawing depends on the
characteristics of the meat (pH value, presence of fatty tissue), the speed and method of freezing,
storage conditions and duration, and the thawing technique (Vukovi¢, 2012). Rapid freezing is
characterized by the formation of a large number of small crystals, and the amount of water during
thawing is minimal. The larger the crystals formed during freezing lead to greater the damage to
the cell, and the greater the loss of tissue fluids during the thawing of the meat. The primary cause
of such changes is the formation of large ice crystals, which mechanically damage tissues, and
these damages are irreversible (Savanovi¢, 2021).

Table 1. Weight loss and chemical composition of beef meat.
Weight loss (%) Water (%) Protein (%) Fat (%) Ash (%)

fresh meat 75.79°+0.09  21.95°+0.06 0.21*+0.01  1.19*0.03
%‘J g room temperature 1.32°4+0.02 74.42°£0.09  22.11°£0.06  0.38°+0.01  1.25*+0.01
z g microwave oven 2.36+0.04 74.43°£0.03  23.34°:0.03  0.36°+0.00 1.31°:0.01
= E refrigerator 0.81°+0.02 74.99°+0.06  22.14°+£0.03  0.25°+0.02 1.21%+0.02

a¢ Mean values with a different letter in the same column are statistically significantly different from 95%
probability (p<0.05)

The water content in fresh beef ranges from 60% to 75%, depending on the part of the meat.
The water content is greatly influenced by fat content, with their levels in meat being inversely
related (meat with less fat has higher water content) (Savanovi¢, 2021). Fresh samples of analyzed
beef meat had an average water content of 75.79% before freezing. After thawing, the highest
water content was in those thawed in the refrigerator (74.99%), followed by the samples thawed in
the microwave oven (74.43%), and the lowest water content was found in the samples thawed at
room temperature (74.42%). Analyzing Brazilian frozen beef imported into Algeria, Ziani et al.
(2018) report similar values of water content (average 75.25%).

During thawing, some water is released from the food as it transitions from a solid to a liquid
state. This fluid loss occurs due to ice crystal formation during freezing and the muscle tissue's
reduced ability to reabsorb the fluid when thawed (Delgado & Sun, 2007; Suci¢ et al., 2010;
Savanovi¢ et al., 2019). The quality of thawed food is influenced not only by the freezing speed
and storage conditions but also by the thawing rate. Slow thawing, particularly in meat, allows
water to reattach to proteins, reducing fluid loss. Additionally, when thawing occurs slowly at
lower ambient temperatures, microbial activity is somewhat suppressed. As a result, slow thawing
tends to have a less negative effect on food quality (Veres, 2004).
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By analyzing the protein content, it was determined that the fresh beef samples, before
freezing, had an average protein content of 21.95%. After thawing, due to the loss of some water,
the protein content increased slightly in samples thawed in a microwave oven (23.34%), while it
decreased in samples thawed in a refrigerator (22.14%) and at room temperature (22.11%). Similar
values were obtained by Ziani et al. (2018).

During freezing and storage, changes occur in proteins (denaturation and oxidation,
modification of the amino acid chain), cause a decrease in the functional properties of proteins and
affect the meat quality after thawing (Savanovi¢ & Gruji¢, 2017, Caliskan Kog et al., 2025). Sabow
et al. (2020) state that the crude protein content in frozen meat is expected to be lower than in fresh
meat because denaturation and loss in gelatin caused by extended frozen storage also due to
proteolysis.

Fat content in fresh beef meat was 0.21%, and after thawing ranged from 0.25-0.38%
(thawing in refrigerator and at room temperature, respectively). Caliskan Kog et al. (2025) consider
that the higher fat content in meat has been linked to lower electrical conductivity, leading to
longer thawing time. It has been suggested that different factors may affect fat content in beef
cattle meat such as breed, rearing system and nutritional supply, weight at slaughter, gender and for
the same animal according to the piece recovered (Ziani et al., 2018; Sabow et al., 2020).

Ash content in analyzed samples ranged from 1.21-1.31% in beef meat thawed in a
refrigerator and in microwave, respectively, and in fresh meat 1.19%. The present results were
similar with literature data (Ziani et al., 2018; Ngom et al., 2022). The amount of minerals in meat
depends, above all, on the age and type of animal, feeding, and breeding method (Savanovic,
2021).

Table 2 show results for water-holding capacity (WHC), water activity and pH value of
examined beef meat. The thawing methods had a statistically significant influence (p<0.05) on
WHC of beef meat after thawing.

Table 2. Influence of thawing methods on water-holding capacity (WHC), aw and pH value of beef meat.

WHC (cm?) ay pH
fresh meat 1.31%+0.03 0.8812+0.001 5.77%£0.03
%ﬁ g  room temperature 2.16°+0.01 0.883%+0.001 5.88+0.06
z g microwave oven 2.10°£0.02 0.883°+0.001 5.81%+0.01
= E refrigerator 1.59£0.03 0.895°+0.001 6.03°+0.02

#d Mean values with a different letter in the same column are statistically significantly different from 95%
probability (p<0.05)

In fresh meat WHC values was 1.31 cm?, and after thawing ranged from 1.59-2.16 cm?
(refrigerator and room temperature, respectively). Szmanko et al. (2021) reported that WHC value
of fresh meat was higher than that of frozen meat. The meat thawed using slower thawing methods
had a greater water-holding capacity and released less fluid during compression than meat thawed
faster. The major water-holding carrier in muscles is myofibrillar proteins, due to their specific
chemical structure (Rede & Petrovi¢, 1997), and is an indirect measure of protein denaturation
(Savanovi¢ & Gruji¢, 2017).

Values for a,, were 0.881 in fresh beef meat, 0.883 in samples thawed at room temperature
and in microwave and 0.895 in the sample thawed in refrigerator. The melting of ice in the
extracellular spaces causing an increase in water activity (Akhtar et al., 2013).

The pH value of fresh beef sample was 5.77, whereas those of beef samples thawed at room
temperature, using a microwave oven, and in a refrigerator increased significantly to 5.88, 5.81,
and 6.03, respectively (p<0.05). Ike et al. (2018) report pH value for beef from 5.1-6.2. Park and
Kim (2024) attribute the rise in pH to amino acid leakage during prolonged thawing, noting that
extended thawing damages muscle cells and leads to drip, which contributes to the increase.
Variations in pH are likely due to glycogen breakdown into lactic acid and proteolysis, which
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increases free alkaline groups, and/or variations in muscle protein water-holding capacity,
influencing the color, appearance, and shelf life of the meat samples (Wali et al., 2025).

Instrumentally measured color and texture parameters of fresh and thawed beef meat are
presented in Table 3. The obtained results showed that thawing procedures had statistically
significant effect (p<0.05) on the colour and texture of beef meat. The L* value on the surface of
the fresh meat sample was 43.53, and for thawed samples values were slightly lower, ranged from
42.12-43.31. There was an increase in the share of red (a* value) and yellow colour (b* value) in
sample thawed in microwave compared to those measured on fresh meat. The color of meat
depends on the concentration and state of myoglobin (Mb) and hemoglobin (Hb). The change in
meat colour is a result of changes in the chemical state of myoglobin and the postmortem processes
(changes in the muscles) (Savanovi¢, 2021). Park and Kim (2024) consider that L* values of beef
samples significantly decreased when they were thawed in a refrigerator, in cold water, and at
room temperature. Freezing and thawing affect on a* value of meat samples due to myoglobin
oxidation, increasing the temperature tended to increase myoglobin oxidation and discoloration in
beef (Park & Kim, 2024).

Table 3. Instrumentally measured color and texture parameters of fresh and thawed beef meat.

L a* b Texture (kg)
fresh meat 43.93°+0.79 12.06%°+0.79 10.49%+0.57 3.22%£0.31
2g room temperature 42.94%+0.53 11.97%£0.87 10.26%°+0.89 4.01°+0.81
z g microwave oven 43.31%+0.59 13.52°40.90 11.75*+0.77 4.08°+0.84
= E refrigerator 42.12%+0.64 11.74°+0.78 9.76+0.57 4.34£0.90

#b Mean values with a different letter in the same column are statistically significantly different from 95%
probability (p<0.05)

The texture of thawed meat was harder than fresh meat sample, due to structural changes in
the tissues. Fresh meat was the softest (3.22 kg), and the thawed meat had bigger hardness (4.01-
4.34). Savanovi¢ (2021) considers that the increase in meat hardness after freezing occurs as a
result of various physico-chemical changes in proteins and strengthening of the protein matrix.
Results present by Park and Kim (2024) show that the beef sample thawed using a microwave oven
had the maximum hardness, gumminess, and chewiness compared with those thawed using other
methods. The increase in shear force within the muscle could result from differences in connective
tissue content, sarcomere length, and muscle fiber size along its entire length (Stafford et al.,
2024).

Table 4 shows the mean values of macroelements content in fresh and thawed samples of
beef meat. Based on the obtained results, it was determined that there was statistically significantly
difference (p<0.05) for some minerals (Na, P). The most dominant minerals in beef meat were
phosphorus and potassium, ranged from 2715.07-2795.83 mg/kg, and 1391.86-1798.76 mg/kg,
respectively.

Table 4. Content of macroelements (mg/kg) of fresh and thawed beef meat.
P K Mg Na

fresh meat 2795.42°+10.44 1572.94*435.25  293.47°+0.60 164.50°+£5.65
room temperature 2719.61°+32.43 1735.128421.42  291.41%10.11  745.44+4.54

microwave oven 2795.83%+15.44 1391.86°+8.68  293.432+16.85 334.02*°+6.97

Thawing
method

refrigerator 2715.07°+36.61 1798.76°+48.59  292.26*+2.61  632.44>+8.18

a¢ Mean values with a different letter in the same column are statistically significantly different from 95%
probability (p<0.05)
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The amount of Na and K from the collected fresh meat samples was analyzed by Wali et al.
(2025) with ICP-OES were Na-508.81 mg/kg, and K-2994.13 mg/kg. The same authors state that
age, breed, nutrition, birthplace, and other environmental factors can all have an impact on the
mineral content of meat. Campo et al. (2024) report that Pyrenean beef is an excellent source of
potassium, phosphorus, and zinc, and low in sodium. The same authors state highest values for K
and P (352-404 mg/100g and 163-188mg/100g, respectively), and similar values Mg and Na (21-
27 mg/100g, 40-66 mg/100g, respectively).

Based on the results shown in Table 5, the content of microelements in the fresh and thawed
meat samples ranged as follows (mg/kg): zinc 164.40-215.96, calcium 51.21-70.56, iron 17.08-
24.50, manganese 0.04-0.15 and copper 0.62-0.80. Some of analyzed minerals were below the
detection limit (Se-2pg/L, Al, As, Hg-1pg/L). The significant differences (p<0.05) were observed
in the concentration of Fe, Mn, and Cu. Sabow et al. (2020) report that Fe and Zn exhibited the
highest concentrations in the two types of meat analyzed, compared to the other essential elements.
The same authors state that muscles of cattle are the tissues where Zn is most likely to accumulate.
Similar content of Ca and Fe report (Campo et al., 2024).

Table 5. Content of microelements (mg/kg) of fresh and thawed beef meat.
Zn Ca Fe Mn Cu

fresh meat 164.40%£1.24  55.21%42.09  19.20%0.29 0.13%+0.01  0.80%:0.08
room temperature 177.27°+0.31  58.61%3.02 18.37%£0.11  0.09*+0.01  0.62'+0.03

microwave oven 215.96°48.03  70.56:6.94 17.08°+0.08  0.04°:0.04  0.70%+0.09

Thawing
method

refrigerator 193.97°+2.70  51.21°+3.12  24.50°£2.88  0.15°£0.01  0.72%+0.02

a¢ Mean values with a different letter in the same column are statistically significantly different from 95%
probability (p<0.05)

Concentrations of toxic metals (Hg and As) in fresh and thawed beef meat were below the
limit of detection, and maximum limits of toxic metals permissible in red meat for EU countries for
mercury is 1.0 mg/kg and for arsenic 0.3 mg/kg (Nkosi et al., 2021).

CONCLUSIONS

Freezing meat causes certain major or minor irreversible physical and chemical changes in
food. While freezing enhances the meat's sustainability and extends its shelf life, it also leads to
alterations due to the formation of ice crystals. Additionally, the method of thawing can
significantly influence the quality of thawed meat.

By analyzing the data obtained in this study, the thawing method significantly affects the
physical and chemical properties of beef meat. Microwave thawing caused the highest weight loss,
while refrigerator thawing preserved moisture best and resulted in the least damage. Besides
changes in the basic chemical composition, different thawing procedures also impact the colour,
texture, pH value, and water activity of thawed beef. Mineral content also varied with thawing
method.

The method used for thawing plays a crucial role in determining meat quality. Based on the
results, it can be concluded that slow thawing of beef (at refrigerator temperature) allows helps
retain water and protein quality, reduces fluid loss, and maintains better pH and water activity
levels. If food is thawed slowly, the ambient temperature remains low, which can inhibit
microorganism growth.
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