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Abstract- Ultrasound is an innovative and green technology that has attracted attention for its contribution to environmental 
sustainability. Ultrasound offers an advantage in terms of productivity, performance and quality of processed foods. The 
ultrasound technique with the most potential for applications in the meat industry is power ultrasound, which could be an 
enabling technology for the production of safe, high-quality meat products. The benefits of using ultrasound in this context 
are not clear, mainly because the research is limited. This review presents an overview of the progress that has been made on 
the use of ultrasound for applications in the meat industry. Emphasis is placed on the effects on quality and technological 
properties such as texture, water retention, color, curing, marinating, cooking yield, freezing, thawing and microbial 
inhibition. It can be concluded that ultrasound is a useful tool for the meat industry as it helps in tenderisation, accelerates 
maturation and mass transfer, reduces cooking energy and increases shelf life of meat without affecting other quality 
properties.  
 
Index terms- Antimicrobial, emerging technologies, mass transfer, meat, ultrasound, tenderisation. 
 
I. INTRODUCTION 
 
Processing methods with minimal effects on the 
quality of the food have become more important 
because nowadays, consumers are demanding 
increasingly, minimally processed products. 
Ultrasonication is a promising technology in this 
field. Ultrasound is a longitudinal mechanical wave 
which the human ear cannot perceive. In an ultrasonic 
system, electric energy is transformed into vibrational 
energy, which is then transmitted into a sonicated 
medium. Part of the input energy can cause 
cavitation. A fraction of the energy of cavitation 
produces chemical, physical, or biological effects; 
other fractions are reflected and consumed in the re-
emission of sound [1]. 
The basis of many applications of ultrasound at a 
frequency range of 20 kHz to 1 MHz is acoustic 
cavitation, which occurs in regions under rapidly 
alternating high amplitude pressure waves and 
consists of the growth and collapse of gas bubbles 
within a liquid medium. The bubbles grow in areas of 
low pressure, collapsing violently when passing to 
high pressure areas and producing temperatures close 
to 5000 K, as well as pressures above 1000 atm due 
to the release of the energy stored during expansion. 
When the intensity increases, the size of the bubbles 
also increases, and thereby the energy released during 
collapse. 
The ranges of sound used are divided into high-
frequency, low-intensity ultrasound (> 1 MHz, <1 
Wcm-2) and low-frequency, high-intensity ultrasound 
(20-100 kHz with 10-1000 Wcm-2), also known as 
power ultrasound. Both types are useful in food 
technology. The former is non-destructive and is used 
for analysis or characterization of compounds in 
quality control processes; the second kind modifies 

cell structures and some of its uses are: foam 
inhibition, emulsification, inhibition or activation of 
enzymes and crystallization [2]. In recent years 
several studies have reported on the effects of power 
ultrasound in meat processing, power ultrasound 
results in the modification of cell membranes can 
help in curing, marinating, drying and tenderising of 
the flesh. However, these processes need to be 
developed further before they can be implemented at 
the industrial level [3]. 
Numerous studies have been focused on obtaining 
meat with better technological and sensory qualities; 
in this regard, ultrasound has shown positive effects, 
but there are some discrepancies in the results due 
maybe to intrinsic (species, age, ageing, type of 
muscle) and extrinsic factors (ultrasonic systems, 
time, intensity and frequency) thus, the purpose of 
this manuscript is to review the effects of power 
ultrasound on the technological properties and quality 
of meat. 
  
A. Effect of Ultrasound on the Chemical 
Characteristics of Meat 
Ultrasound can act in two ways in the meat tissue: by 
breaking the integrity of the muscle cells and by 
promoting enzymatic reactions [4]. The initial pH of 
the meat (semimembranosus muscle) increased when 
applying ultrasonic treatment (2.6MHz, 10W/cm2) 
before rigor mortis; but the final pH did not differ 
significantly [5]. Ultrasound has no influence on the 
pH of post rigor meat [6, 7]; but the depletion factor 
indicates that there is an effect on metabolism and the 
actin-myosin interaction [8]. 
The parameters CIE L*a*b* were not affected by 
treatment with ultrasound [7, 8] the heat generated 
was not sufficient to induce denaturation and 
oxidation of the color pigments (myoglobin, 
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metmyoglobin [6]. The color measurements made by 
[9] in meat subjected to ultrasound (22W/cm2) 
indicate changes to a lighter color (lower L*), less red 
(lower a*), more yellow (higher b*), more orange 
(larger hue angle) and less brightness compared to the 
control. Furthermore, Stadnik and Dolatowski [7] 
observed that ultrasound accelerates total color 
change by limiting the formation of oxymyoglobin 
and slowing the formation of metmyoglobin. 
Water retention capacity is a meat quality parameter 
with economic importance; therefore, it is important 
to evaluate it in meat treated with ultrasound. The 
results mentioned that ultrasound increases the rates 
of exudate meat and water loss [10]. However, 
Jayasooriya et al. [6] do not mention changes in drip 
loss (24kHz, 12 W cm-2); similarly, Smith [11] 
reports no effect on the water retention capacity of 
meat. In contrast, other authors indicate that 
ultrasonicated meat has an increased water-holding 
capacity [9, 12], similar to a meat in advanced post 
mortem stage; they suggested an increase in the 
ageing rate of meat due to structural changes in 
myofibrillar proteins induced by ultrasound; this has 
been confirmed by photograms of the microstructure 
of these proteins [12].  
Ultrasound facilitates release of the myofibrillar 
proteins, which are responsible for binding properties 
of the meat such as the water holding capacity 
(WHC), tenderness and cohesion of meat products 
[13].  
Stadnik & Dolatowski [7] sonicated calf 
semimembranosus muscle at 24 h post mortem for 2 
min and stored it for 24, 48, 72 or 96 h at 2 °C. No 
changes in pH or color were observed, but there was 
an increase in the WHC in the sonicated samples, 
similar to that of the matured meat.  
Furthermore, there are reports that ultrasound causes 
the degradation of proteins with a molecular weight 
higher than 20-25 kDa, and increases the activity of 
calpains and the release of lysosomal contents, which 
have a positive effect on tenderness [6]. 
 
B. Effect of Ultrasound on Meat Texture 
The postmortem degradation of myofibrillar proteins 
is closely linked to structural changes that result in 
increased meat tenderness during the ageing process. 
It has been proposed that acoustic cavitation induces 
mechanical disruption of the structure of myofibrillar 
proteins [12], as well as the fragmentation of collagen 
macromolecules and the migration of proteins, 
minerals and other compounds, with a consequent 
acceleration of proteolysis or protein denaturation 
[14]. It is also possible that the application of 
ultrasound induces changes in the amount of ATP 
available in the muscle during the pre-rigor stage [8], 
accelerates the onset of rigor mortis [7], and increases 
the ageing rate of meat.  
There have been experiments with the application of 
ultrasound to increase meat tenderness [6, 7, 10, 12] 
and reduce the ageing period without compromising 

other quality parameters [12]. Low-frequency and 
low-intensity ultrasound seem to be particularly 
suited for softening meat [7, 15]; several studies 
report a significant effect on reduction of the cutting 
force. This has been evaluated in the following beef 
muscles: Longissimus lumborum and semitendinosus 
muscles (24 kHz and 12 W/cm2 for 240 s) [6], 
semimembranosus muscle (45 kHz and 2 W cm-2 for 
2 min) [7] and semitendinosus muscle (40kHz, 1500 
W for 10, 20, 30, 40, 50 or 60 min) [10].  
Also in poultry (24 kHz, 12 W/cm2 for 4 min after 7 d 
of storage) [16] and pork (2.5 to 3 W/cm2 for 180 
min) [14]. However, other studies have not confirmed 
the tenderising effect of ultrasound on beef [17, 18] 
lamb [19] when using intensities of 62 Wcm-2 for 
periods of 15 s after 1, 3 or 14 d of maturation. These 
authors found no changes in the hardness of the meat, 
chewing force, sensory characteristics, solubility of 
collagen or myofibrillar proteolysis. 
With regard to the effect of ultrasound on the 
collagen structure, the results are heterogeneous. It 
has been reported that low-frequency ultrasound has 
no effect on the content of soluble collagen [17] or 
the content of insoluble collagen [5]; but Chang et al. 
[20] showed that ultrasound had a significant effect 
on the characteristics of collagen, especially on its 
thermal properties, without having any effect on the 
content of insoluble collagen; moreover, Chang et al. 
[10] reported effects on collagen solubility during 
cooking. 
Ultrasound has an important effect on the texture and 
maturation of meat from various species by 
weakening myofibrillar and connective tissues and 
reducing cooking losses without affecting other 
quality parameters. The contribution of connective 
tissue to meat toughness is greater than that of fat; 
however, in addition to fragmenting collagen, 
ultrasound disrupts cell membranes and promotes the 
formation of free radicals [21]. Consequently, it 
intensifies oxidation of meat due to the increase in the 
rate of chemical reactions [22]; however, Stadnik et 
al. [12] mention that sonication can be an effective 
method to improve the technological properties of 
beef muscle without affecting lipid oxidation.  
Furthermore, after analyzing samples treated with 
ultrasound (45 kHz, 2 W/cm2 for 120 s) and stored in 
refrigeration, Stadnik [23] reported values of 2-
thiobarbituric acid reactive substances that do not 
compromise the oxidative stability of meat.  
 
C. Antimicrobial Effects of Ultrasound  
It has been reported that high-intensity ultrasound 
within the frequency range of 20–100 kHz and of 
energy intensity 10–100 Wcm–1 generates gradients of 
intense pressure that can alter the structure of bacteria 
in food. [24, 25, 26]. The effect of high-intensity 
ultrasound on bacteria depends on many factors, the 
most important of which include the type of 
microorganism, the frequency, intensity and time of 
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the ultrasound wave application and the 
characteristics of the material or treated food [27]. 
Ultrasound in combination with lactic acid and steam 
immediately after slaughter was shown to be a 
suitable method for the inactivation of 
microorganisms [28]. Manothermosonication (the 
combination of high pressure, heat and sonication) is 
considered the best methods to inactivate microbes as 
it is energy efficient and effective at inhibiting a 
range of  microorganisms [29]. 
High-intensity ultrasound alters the microorganisms’ 
viability due to the phenomenon of cavitation [25]. 
For instance, low-intensity ultrasound may not 
produce the cellular damage necessary to eliminate 
microorganisms due to poor formation of cavitation 
bubbles [30]. The results also showed increased 
inactivation of microorganisms for longer periods of 
treatment, especially in combination with high 
temperature and amplitude. Recent reports show that 
steam treatment and ultrasound applied to chicken 
carcasses in the processing line has significantly 
reduced the number of Campylobacter on 
contaminated birds [31]. 
 
D. Other Applications of Ultrasound in Meat 
Regarding the cooking of beef, ultrasound improves 
cooking time, moisture retention capacity and energy 
efficiency [9]; therefore, this method could be a fast 
and energy-efficient way to enhance the quality 
attributes of cooked meat. The technology of 
ultrasound-assisted meat curing is proposed as an 
alternative to the traditional process of meat curing; 
its aim is to accelerate mass transfer [32] of brine into 
meat, preserve sensory attributes [33], obtain a better 
distribution of solutes [34] and reduce water loss 
[14].  
It has been shown in solid-liquid systems that 
acoustic waves improve the kinetics of mass transfer 
[35] due to the physical disruption of tissues, which 
creates microchannels and causes changes in the 
concentration gradients and diffusion coefficients [36, 
37]; longer implementation times cause denaturation 
of proteins [14]. 
During the meat curing process, the transfer of mass 
(saturated NaCl solution) into meat depends on the 
intensity thresholds (39 and 51 W cm-2); above them, 
the transfer of mass is proportional to the intensity of 
ultrasound [35]. Ultrasonic treatment is also reported 
to significantly improve salt diffusion; the diffusion 
coefficient increases exponentially with increasing 
ultrasound intensity [14].  
McDonnell et al. [33] achieved a reduction of up to 
50% in processing times during the production of 
cured hams, without adverse effects on the quality; 
they inferred that ultrasound has potential advantages 
for the processing of other meat products.  
However, Smith [11] applied low-intensity ultrasound 
in chicken marination and reported a lower water 
absorption, less drip loss, lower cooking yield and no 
significant effects on hardness. Contrary to this, 

Ozuna et al. [34] observed greater tenderness in pork 
meat marinated with ultrasound.  
Although numerous techniques are used for cooking 
meat other than conventional heating, the flavor of 
the meat and the consumption of energy are 
sometimes far from optimal. 
 
CONCLUSIONS 
 
High-power ultrasound increases tenderness by 
causing disruption of the muscle integrity; also it can 
improve the technological properties of meat without 
compromising other quality parameters. Ultrasound 
has an important effect on the texture and maturation 
of meat from various species by weakening 
myofibrillar and connective tissues without affecting 
other quality parameters.  
Ultrasound can reduce curing time without affecting 
meat quality and the diffusion of salt increases with 
the intensity of ultrasound without significant 
changes in other characteristics of the meat. The 
benefits of ultrasound on mass transfer are very 
convincing and industrial implementation could be 
very close. 
The results are not yet conclusive, and further studies 
are needed on the effects of ultrasound on meat 
properties before recommending the use of ultrasound 
at industrial scale. 
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