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Abstract 

This paper reviews the effects of freezing/thawing on technological properties of meat. Thus, the effects 

of freezing/thawing on drip loss have been presented. At the same time, novel thawing methods opposing 

conventional ones have been considered. 
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1. Introduction 

Freezing and thawing are complex processes that 
involve heat transfer as well as a series of physical 

and chemical changes which can affect the quality 

of the product [1]. In recent years, food industry 
has relied more and more on using thawed meat in 

meat processing. Therefore, in order to obtain meat 

with technological properties closest to 
refrigerated meat it is very important to consider 

all the changes undergone by meat until thawing. 

In this respect, we must take into account the meat 

aging degree before freezing, the freezing type 

(fast or slow) as well as the storing conditions 

while freezing. The purpose of this review is to 

analyse the main factors affecting meat 
technological properties which are of utmost 

importance in further processing of thawed meat. 

For better understanding the freezing/thawing 
process, studies referring to the structure of frozen 

and thawed meat were presented. Furthermore, this 

review seeks to present the impact of the new 

thawing methods on thawed meat.   

2. The influence of freezing/thawing on drip loss  

A very important aspect in meat industry – 

especially from a financial point of view – is the 

drip loss after thawing. This is the reason why the 

factors which influence the drip loss after thawing 
should be identified.  

Previous studies have reported the link between drip 

loss, freezing speed and aging rate of the freezing 
meat. Therefore, Anon and Calvelo [2], showed the 

influence of the freezing rate on the formation of ice 

crystals that underlies the mechanisms of damage 
during the freezing of meat tissue. In order to 

understand this mechanism one should differentiate 

between fast freezing and slow freezing rate. In the 
fast freezing rate, initially the small crystals are more 

numerous. In time they decrease in number but 

increase in size until there is one unique crystal per 

fibre. Unlike fast freezing, in slow freezing the partial 

fibre dehydration is caused by the migration of 

sarcoplasmic fluid towards extracellular area where 

extracellular ice is formed exclusively. Moreover, 
Ngapo et al., 1999 [3] showed the influence of 

freezing rate on dip loss. It was proven that in the 

case of fast frozen pork (for 12-120 minutes) the drip 
loss was the same as for refrigerated meat. Yet, in the 

case of slowly frozen meat (for 240-900 minutes) the 

drip loss was significantly higher than for 

refrigerated meat. Ngapo et al. [3, 4],  suggested that  

protein concentration of drip obtained after different 

treatment (frozen and thawed and frozen, stored and 

thawed) and of drip of fresh samples showed that 

there are no significant differences between thawed 

samples and fresh ones. As regards the influence of 
freezing rate on drip loss for meat stored for 4 weeks, 

Ngapo et al. [3] demonstrated that the freezing rate 
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used before storage did not influence drip loss. 

Moreover, drip loss at samples stored for 4 weeks 

were significantly higher that drip loss at samples 

which were not stored. Concerning freezing 

temperature, Sakata et al. [5] reported that no 

correlation between freezing temperature (-20°C 

and -80°C) and drip loss was found and no 

significant difference was noted. An analysis of the 

freezing speed was done by Petrovic et al. [6] and 
it was demonstrated that in both cases (slow 

freezing and fast freezing) happened considerable 

deteriorations of fibres and micro-fibres, reduction 
of myofibrils proteins solubility, as well as great 

thawing loss. Hansen et al. [7] found that using 

pressure while freezing affects the amount of 
exudate. Thus, drip loss from thawed, pressure-

shift-frozen was not different from drip loss from 

fresh meat samples, while cryogen-frozen and air-

frozen pork both had significantly higher drip loss. 

In this case it was assumed that pressure causes 

protein denaturation and the insoluble proteins 

blocked the drainage of the muscular fluid leading 

to smaller quantities of thawing loss.  

It was tried to establish a relation between thawing 
rate and amount of exudate and it was noticed that 

meat exudate depends upon thawing time. 

Theories on the effect of thawing time on drip loss 
were contradictory, Gonzales-Sanguinetti  et al. [8] 

evidencing that, by lowering the thawing time the 

exudate is higher and Ngapo et.al. [3] 

demonstrating that drip loss is lower, 

proportionally to shorter thawing time period. 

Related to obtaining higher drip loss in the case of 

slow thawing, Linares et al. [9] suggests that drip 

loss could be linked with the speed of the thawing 

rate, and in the case of slow thawing the fluid 
released from fibres cannot be reabsorbed. 

Similarly, in the case of slow thawing there is also 

the possibility of re-crystallising leading to high 

drip loss out of the fibres. A link between the 

optimum time post-mortem to freeze meat and drip 

loss was made by Yu et al. [10]. Thus, it was 

proven that freezing meat at 45 min instead of 24 h 

after slaughter resulted in lower drip loss after 

thawing. Consequently, it is recommended that the 

earlier the meat was frozen after slaughter, the 
lower drip loss at thawing, assuming that in this 

freezing phase more extra-cellular crystals than 

inter-cellular ones are formed. We know that 
storage while freezing is an important method of 

meat preservation.  

This is the reason why an important matter is 

represented by temperature fluctuation which may 

appear while storage and transporting the meat.   Xia 

et al. [11] showed the influence of freezing-thawing 

cycles on pork thawing loss. Furthermore, it was 

noticed that thawing loss is conditioned by the 

number of freezing-thawing cycles, i.e. thawing loss 

increases in direct ration with the number of freezing-

thawing cycles, starting from 3.5% of loss in the first 
cycle to 18.27% in the fifth cycle. Apart from this, 

one of the studies conducted by. Xia et al. [12] on the 

functional properties (their capacity of emulsifying 
and jellifying) in the case of freezing-thawing cycles 

showed the loss of functional properties, especially 

caused by the denaturation of proteins and their 
tendency to aggregate.          

3. The influence of freezing/thawing on meat 

texture  

A sensorial property very important for consumers is 

meat texture and, implicitly, its juiciness. Therefore, 

it is important to look into how meat freezing 

influences or not the meat aging process, and 

consequently, its texture. In this respect, many 

studies showed that the freezing process as well as 
the meat aging rate before and after freezing could 

contribute to changes in meat texture after thawing. 

Thus, Shanks et al. [13]  showed differences between 
the shear force of aged meat chilled not frozen and 

the shear force of meat stored frozen for 2 months, 

the latter representing a lower shear force. It was 

presumed that these results are a consequence of the 

fact that muscular cells were deteriorated because of 

intra-cellular ice forming during freezing which led 

to lowering the shear force in frozen and thawed 

samples. Similar results were obtained by Lagerstedt 

et al. [14] who, comparing the values of the shear 
force in chilled meat samples as well as of the frozen 

samples after aging, obtained lower values of the 

shear force in the frozen samples. In this case, 

although the values of the shear force were lower for 

frozen meat than for chilled meat these were not 

consistent with the sensory evaluation, the thawed 

meat being significantly less tender than the chilled 

meat.  

As regards the freezing rate, Dransfield [15] 

considered that it plays an important role in meat 
aging. Thus, unlike slow commercial freezing, fast 

freezing increased the rate of aging 3 times more than 

in chilled beef. In this situation, these results were 
explained by the appearance of cellular lesions which 

led to an increase of aging rate. Vieira et al.  [16] 
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considered that the formation of small ice crystals 

caused the increase of aging rate by releasing 

protease enzymes.  

There are different points of view related to the 

aging degree of frozen meat, namely if meat 

should or should not be aged before freezing. 

Crouse et al. [17] showed that for the samples aged 

after freezing, the shear force was lower than for 

samples aged before freezing (aged for 6 days). 
Hence, it was suggested that these results were 

obtained probably due to the loss of Ca-dependent 

inhibitor of protease and freezing meat before 
aging could improve the post-mortem proteolisis. 

A different point of view belongs to Dransfield 

[15] who suggested that meat aging should take 
place before freezing.  Dransfield [15] based his 

explanations on the theory that the activity of 

calpains is stopped while freezing and storage, 

being resumed after thawing. Thus, the tenderness 

of meat frozen three days after slaughtering 

remains at the same level regardless of the storage 

period and the aging process will continue after 

thawing, when the enzymatic activity is resumed. 

In order to clarify this aspect, we consider further 
studies necessary.    

4. The influence of freezing / thawing on meat 

structure  

A significant part of the studies focused on meat 

freezing and thawing tried to correlate the results 

related to technological properties of thawed meat 

with interpreting the images obtained with 

electronic microscopes (TEM or SEM).      

Therefore, Rahelic et al. [18] analysed histological 

changes of beef which appeared at different 

freezing temperatures, noticing a link between the 

degree of meat deterioration and the position of ice 
crystals. It was proven that the most severe fibre 

deterioration was due to forming inter- and intra-

cellular ice crystals, when the ice crystals formed 

between the fibres generate pressure which 

separates the fibres, while the ice crystals formed 

within the fibre generate pressure in the opposite 

direction. A less severe deterioration was noticed 

when only intra-cellular ice crystals were formed, 

when the pressure is generate in one direction 

only. 

Moreover, the structure of the frozen meat was 

assessed according to the size of the cavities which 

become visible in the case of microscopy.  

In the case of frozen meat, these cavities can indicate 

the size of the ice crystals which appear during 

freezing, while for fresh meat they correspond to the 

space occupied by the extra-cellular fluid [7]. In this 

respect, studies on frozen meat at different rates 

showed the appearance of some big cavities which 

led to severe deterioration of the muscular cells 

structure [19].  Nonetheless, it was noticed that after 

thawing, the ultra-structure of meat samples fully 
recovered from the totally damaged structure in the 

frozen samples [19].   

RMN studies were combined with microscopy by 
Mortensen et al. [20] in order to highlight the 

influence of the freezing temperature and of the 

freezing rate on the ultra-structure of the thawed meat 
as well as on thawing loss. The samples were frozen 

at temperatures of -80°C (fast freezing) and -20°C 

(slow freezing) and stored at -20°C for 30 months. 

After thawing it was noticed that in the case of the 

samples subjected to fast freezing the damages were 

more severe that in the case of the samples subjected 

to slow freezing, as well as the tendencies to have 

higher thawing loss. It is assumed that those small ice 

crystals turned into big ice crystals either as a 
consequence of re-crystallizing while storage or 

because of the slow thawing process.    

5. Modern thawing methods versus conventional 

thawing methods  

In recent years there has been a constant research 

interest to find alternative thawing technologies, 

being studied thawing by high pressure, micro-wave, 

ohmic, ultrasound. The thawing process can be faster 

by generating heat within the product but in the case 

of micro-wave or dielectric thawing there still are 

some restrictions regarding the choice of parameters 

as there might appear a fast and preferential heating 
of the surface of the product [21].  

 Kissam, [22] successfully applied ultrasound for 

thawing fish blocks immersed in water. Thus, using a 

frequency of 1500 Hz (chosen within the range of 

relaxation frequencies of the policrystalin ice 

particles for frozen fish) and a power of 60 W, a 

decrease in thawing time was obtained. As a 

consequence of the parameters chosen, a stimulation 

of the thermal transfer took place and led to the 

reduction of thawing time by 82% at phase changing 
(-5°C at -1°C). Similarly, the sensorial analysis of the 

fish thawed by ultrasound showed that there are no 

differences from the fish thawed by water immersion. 
Unlike Kissam, [22], Miles et al. [23] used high 

frequencies (500 kHz) and intensities of 0.5 W/cm
2
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for meat thawing. Results showed that the heating 

rate in the thawed areas increases by ultrasound 

intensity and frequency, this reaching its highest 

peak when the ultrasound transmitting module is 

parallel with the muscular fibre. Concurrently, the 

fact that Miles et al. [23] used certain parameters 

for meat thawing was important as frequencies 

lower that 430 kHz and higher than 740 kHz led to 

over-heated areas and a weak ultrasound 
penetration of meat sample. Therefore, combining 

a frequency of 500 kHz with an intensity of 0.5 

W/cm2 proved that thawing took place without 
excessive heating of the meat surface. High 

pressures were used experimentally in thawing 

process, being clear the distinction between high 
pressure-assisted (HPAT) and high pressure-

induced thawing (HPIT). Otero and Sanz.[24] 

showed the difference between these two 

processes, high pressure-assisted thawing  being 

characterised by low pressure and high 

temperature of samples during pressurization, 

while high pressure-induced thawing is 

characterised by higher pressure and lower 

temperature of samples during pressurization. High 
pressure thawing not only shortens thawing time 

but it also has no negative effects on the beef 

colour, drip loss and cooking loss. It was also 
shown that the pressure level and the treatment 

length can influence the quality of the product 

subject to thawing at high pressure [25]. In the 

case of fish fillets thawed by using high pressure 

of 200 MPa, Schubring, et al. [26] noticed that the 

organoleptic properties of fish thawed by high 

pressure-assisted thawing are not different from 

those of the fish thawed in water at 15°C, and 

thawing loss is low. More than that, Otero et al. 
[24]   also presents a microbiological advantage of 

high pressure thawing, namely low temperature 

and high pressure can have a synergetic effect on 

lethality of micro-organisms. To conclude, 

researches showed that high pressure thawing 

preserves the product’s properties and reduces 

thawing time suggesting a high potential for 

industry. Limiting this thawing method extensively 

would mean very high costs [27]. 

As in the case of micro-wave thawing the energy 
transfer from the micro-waves to the products is 

fast and with no substantial energy loss, it was 

noticed that microwave thawing requires little time 
and small processing areas. Studies done on pork 

led to contradictory results regarding thawing loss. 

Therefore, even if Chandirasekaran et al. [28] 

obtained satisfactory results in thawing loss, the meat 

sample was harder that when conventionally thawed. 

Kondratowicz et al. [29] noticed that thawing loss in 

the case of microwave thawing is lower than in the 

case of conventional thawing only for the pork stored 

frozen for a short period of time, but not for a longer 

period of time. Apart from these results, Xia et.al. 

[30] conducted a comparative study of thawing 

methods and found out that from all the conventional 
thawing methods analysed the greatest loss was 

obtained when pork was microwave thawed. More 

than this, microwave thawing had a negative effect 
on the quality of thawed pork, increasing cooking 

loss, cutting force, carbonyl content, thus the results 

related to the qualities of the meat thawed by this 
method being unsatisfactory.  

As regards ohmic thawing which uses an electric 

current to thaw a product a study was done on beef 

by Icier et al. [31] for different voltages (10, 20, 30 

V/ cm2). It was noticed that for beef samples the 

increase of voltage results in  shortening the thawing 

time, thus obtaining time differences between ohmic 

thawing (828, 703, 586 seconds) and conventional 

thawing (927seconds). Yet, the texture of the ohmic 
thawed meat was less tender than that conventional 

thawed.  

The study of  He et.al. [32] on the effects of high 
electrostatic field on pork showed the shortening of 

thawing time as well as reduction of the total 

microbial counts in thawed meat without affecting 

the thawed meat.  

Using radio frequency for thawing beef, Farag et al. 

[33] noticed that this is an efficient thawing method, 

the drip and micronutrient loss being lower than 

conventional air thawing. 

In order to shorten the thawing time, a quick method 
for boneless chicken breast proved to be thawing in 

warm water (60°C). A sensorial analysis showed that 

there were no significant differences between meat 

thawed in water at 60°C and meat refrigerator 

thawed. Nonetheless, the thawing loss proved to be 

less than when it was refrigerated thawed [34].  Even 

in the case of beef, thawing in water at temperatures 

of 20 ºC and 39 ºC proved to be efficient. Thus, 

Eastridge and Bowker [35] noticed a reduction of 

thawing time as well as less thawing loss than in the 
case of refrigerated thawing at 3-4 ºC without 

affecting meat juiciness. 

New thawing methods such as high pressure, 
acoustic, microwave and ohmic thawing can shorten 
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thawing time and, in some cases, improve the 

quality of the product. We hope that future studies 

will be conducted on meat freezing and thawing in 

order to implement some methods at industrial 

level.        

6. Conclusion 

This review has analysed the effects of meat 

freezing and thawing on certain important 

parameters such as thawing loss and tenderness. 
For a better understanding of the changes meat 

undergoes when freezing and thawing, an analysis 

of the ultrastructure was done. Also, the new 
thawing methods were presented. In brief, it can be 

noticed that these modern methods were applied in 

order to shorten the thawing time, without 
affecting the sensorial, technological, 

microbiological properties of meat. Although 

many of these methods are only in an experimental 

phase, they still represent starting points in 

implementing new technologies. More studies are 

further necessary in the freezing/thawing domain 

so that certain current contradiction will be 

clarified.  
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