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Abstract 

In recent years, there has been growing consumer demand for the minimally processed, free from chemical additives and healthier 

meat, which has led to the development of alternative technologies to conventional heat treatments. High pressure processing (HPP) 

is known as a non-thermal intervention for extending the shelf-life and safety of meat. The aim of this review is to analyse the 

scientific literature about the changes that occur in meat after application of the HPP. 

The HPP is effective in controlling microflora in meat and meat products at 400–600 MPa, thus extending its shelf-life. The 

inactivation efficiency of the HPP mainly depends on treatment conditions, type of microorganisms, and food matrix characteristics. 

However, the HPP may negatively affect meat quality attributes, such as colour and texture. Meat processed at pressures above 

300 MPa has cooked like appearance, which might be unacceptable to consumers. The HPP increases meat toughness, but when 

processed at relatively low pressures (100–250 MPa) in combination with increased temperature (above 60 °C) meat becomes more 

tender. Pre-rigor muscle treatment proved meat tenderization after cooking. It has been revealed that the HPP above 400 MPa makes 

the polyunsaturated fatty acids more susceptible to oxidation, which may have negative effect on stored meat flavour. Another factor 

affecting meat flavour may be activity of enzymes. Processing of meat at 150 MPa decreases cook loss and increases water holding 

capacity. Several researchers suggest using multi hurdle approach (use of antimicrobials and antioxidants) for processing at lower 

pressures reducing negative effect on quality characteristics. 
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Introduction 

Nowadays consumers more often pay attention to 

nutrition information and list of ingredients on labels of 

food packaging and there is a high demand for less 

salty, less acidified, less chemical preserved, minimally 

processed, but at the same time very safe products with 

high nutritional value, and extended shelf life 

(Campus, 2010; Hygreeva, Pandey, 2016). By applying 

proper technological treatment it is possible to 

eliminate a number of additives used for product 

preservation maintaining nutritional and organoleptic 

properties of the food similar or identical to the raw or 

fresh form (Heinz, Buckow, 2010). During classical 

thermal treatments natural flavour and quality of the 

food product are affected, therefore the necessity for 

effective non-thermal treatment emerges. Some 

promising non-thermal technologies are applied at 

industrial level for decontamination of meat products, 

gamma, electron and X-ray irradiation, high 

hydrostatic pressure, natural antimicrobials, active 

packaging, and radiofrequency, to name just some of 

them (Campus, 2010). These technologies have high 

acceptability for use in food processing as they 

preserve natural appearance of treated food product 

while eliminating the pathogens and spoilage 

microoorganisms, moreover, they are energy saving 

and environmentally friendly what is not of less 

importance for producers (Aymerich et al., 2008). High 

pressure processing (HPP), also known as cold 

pasteurization of food is a non-thermal technology and 

at present moment is one of the most successful 

alternatives for thermal food preservation technologies 

adopted by the food industry and commonly used for 

treating meat and meat products as approximately 29% 

of the industrial HP equipment is used in the meat 

industry (Aymerich et al., 2008; Campus, 2010). As a 

commercially viable technology for the pasteurization 

it is used for both liquid and solid products of diverse 

origin such as meat, seafood, beverages, dairy, fruits, 

and vegetables (Tonello, 2011). By using HPP, both 

spoilage and pathogenic microorganisms in meat are 

inactivated, shelf life is extended, while the 

characteristics and the quality of meat and meat 

products are maintained (Balasubramaniam, 

Farkas, 2008; Jofré, Serra, 2016). High pressure might 

be transferred instantly throughout a flexible package 

regardless of size, shape, or composition of the food. 

HPP offers the possibility to have mildly processed, 

wholesome, fresh-tasting product with minimal to no 

preservatives to satisfy health conscious consumers 

(Jofré, Serra, 2016). Furthermore, HPP has big 

potential for the innovative development of new 

products with relatively low energy consumption as 

well as can be combined with existing trends in the 

food sector to boost the development of the food 

industry (Hugas et al., 2002).  

The present review covers high pressure processing 

effects on quality attributes of meat regarding its safety 

and shelf-life. 

1. General principles of high pressure application 

on foods 

Pressure is an important thermodynamic parameter 

with unique effects on biological systems 

(Aertsen et al., 2009). During HPP, the food is placed 

in the pressure vessel and submitted to pressures from 

100 to 900 MPa. The pressure applied is isostatically 

transmitted inside the pressure vessel. The technology 

is based on the Pascal’s law and Le Chatellier 

principle, so high pressure is transmitted in a uniform 
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and instantaneous manner and the product is 

compressed, independently of its size and geometry, or 

its constituents (Balasubramaniam et al., 2016). The 

temperature of the food subjected to high-pressure 

treatment is usually increased by approximately 3 °C 

per each 100 MPa increase when applied at ambient 

temperatures (~25 °C) (Aymerich et al., 2008). This 

temperature increase is known as “heat of 

compression” which is generated within the material 

due to compressive work against intermolecular forces. 

If the food contains a significant amount of fat the 

temperature increase can reach up to 9 °C per 100 MPa 

increase (Rasanayagam et al., 2003). The efficacy of 

the treatment depends on the achieved pressure, the 

treatment temperature and the exposure time. In 

industrial applications of high pressure food processing 

pressures of up to 800 MPa may be applied.  

High pressure effects on foods are highly dependent on 

the primary effects of pressure and temperature on the 

relevant thermodynamic and transport properties of 

food systems such as density, viscosity, thermal 

conductivity, compressibility, heat capacity, 

diffusivity, phase transition properties (e.g., melting 

point), and solubility. Pressure drastically influences 

the values of those properties. Biochemical 

transformations under high pressure can be irreversible 

or reversible, depending on involved substances, 

environmental conditions, and the combination of 

pressure, temperature, and exposure time 

(Buckow et al., 2013). 

2. Influence of high pressure on meat 

HPP affects quality parameters of fresh meat and thus 

typical characteristic associated with fresh meat like 

texture and especially colour can be remarkably 

modified (Bajovic et al., 2012; Hughes et al., 2014). As 

a consequence of the le Chatelier principle, during high 

pressure, depending on its level, occurs degradation or 

modification of the meat proteins, inactivation of 

enzymes, changes in the substrate–enzyme interactions 

and in carbohydrates and fats (Butz, Tauscher, 2002). 

However, the nutritional value, vitamins and 

the majority of small substances responsible for 

the flavours of the products are preserved 

(Schindler et al., 2010). 

2.1. Effect of HPP on meat proteins 

High pressure application to muscle proteins alters 

their properties as they undergo physiochemical 

changes such as denaturation, dissociation, 

solubilisation, aggregation, and gelation. These factors 

strongly depend on pressure level, temperature, pH and 

ionic strength (Jofré, Serra, 2016). In meat, the most 

significant effect of pressure is detected for 

sarcoplasmic and myofibrillar proteins. Sarcoplasmic 

meat proteins (mainly enzymes and heme pigments) 

are very susceptible to denaturation when undergo HPP 

at pressure level above 200 MPa during which water 

holding capacity and colour of the meat changes 

(Marcos et al., 2010). Myofibrillar proteins, are related 

to the meat structure and are unfolded if pressure is 

300 MPa and higher. As a result, occurs denaturation, 

agglomeration, and gel formation (Sun, Holley, 2010; 

Chan et al., 2011; Grossi et al., 2016). Thus, apart from 

its food preservation capabilities, HPP also has 

potential to manipulate the texture of foods and, hence, 

has been suggested as a physical and additive-free 

process to tenderize and soften meat and meat 

products. Such structural modifications of meat 

proteins also are used by the food industry in 

new product development (Sun, Holley, 2010; 

Sikes et al., 2010; Buckow et al., 2013). 

2.2. Effect of HPP on the colour of meat 

Colour is one of the most important quality attributes 

for the consumer when purchasing meat (Cheftel, 

Culioli, 1997). Meat colour is determined by the 

amount and chemical state of the hemoproteins present 

as well as by the structure of the meat. Studies indicate 

that HPP provokes drastic changes in fresh meat 

colour, while the changes in cured meat products are 

acceptable and depending on the water content and 

water activity (aW) value (Bajovic et al., 2012; 

Ferrini et al., 2012). Colour changes due to oxidation 

of ferrous myoglobin into ferric metmyoglobin. To 

reach microbial inactivation in meat, usually pressure 

above 400 MPa is applied, as the result of such 

pressure increase, meat discoloration occurs due to the 

protein denaturation (Wackerbarth et al., 2009) It has 

often been reported that even by application of pressure 

above 200 MPa drastically changes the appearance of 

red meat within a few minutes of treatment at low 

temperatures (Tintchev et al., 2010; Buckow, 2013). 

Most studies report increase of lightness (L*) in the 

pressure range 200–350 MPa turning red colour of 

meat into a paler pink, redness (a*) is observed to 

decrease in values at 400–500 MPa, resulting in a grey-

brown meat with a cooked-like appearance, however, 

this is the more variable parameter and dependent on 

experimental design (i.e., type of meat, minced or 

whole muscle, and HPP conditions), and 

yellowness (b*) either increases or is not affected 

(Jung et al., 2003; Morales et al., 2008; Tintchev et al., 

2010; Souza et al., 2011; Ferrini et al., 2012; Jofré, 

Serra, 2016). The changes of colour of high pressure 

treated pork meat at 200 to 800 MPa at 5 and 20 °C 

for 10 min was shown to depend mostly on pressure 

level and to a lesser degree on applied temperature 

(Bak et al., 2012). 

2.3. Effect of HPP on lipid oxidation of meat 

Pressure levels between 300 and 600 MPa are critical 

for inducing lipid oxidation in fresh pork, beef and 

poultry meat as well as in meat products, which may 

lead to significant changes in the lipid content and 

fatty acid composition of phospholipids and free 

fatty acids (Marcos, 2010; Fuentes et al., 2010; 

Huang et al., 2015). HPP induced lipid oxidation 

mechanisms are not fully understood, it has been 

suggested that HPP can promote lipid oxidation as it 

increases accessibility for iron from hemoproteins and 

disrupts membranes (Bajovic et al., 2012). Oxidation is 

one of the most important factors in the non-microbial 
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degradation of meat (Guyon et al., 2016). Lipid 

oxidation is not usually evident immediately after HPP 

but may become evident during chilled storage 

(Tume et al., 2010). Such oxidation affects quality 

through flavour deterioration (rancidity), colour 

changes, loss of nutritive value, and alterations of 

textural and functional properties through associated 

protein denaturation (Fuentes et al., 2010; 

Buckow, 2013). There are suggested possibilities to 

inhibit the lipid oxidation by limiting oxygen 

availability in the packaging, use of antioxidant active 

packaging or use of different antioxidants derived 

from natural by-products and their combination 

(Mariutti et al., 2008; Bolumar et al., 2011; 

Alves et al., 2012). 

3. Microbiological Aspects 

Meat is nutritionally rich product and serves as suitable 

media for growth of meat spoilage microorganisms and 

common food-borne pathogens, therefore, it is of high 

importance to choose and apply proper preservation 

technologies (Aymerich et al., 2008). HPP as a  

non-thermal food preservation technique has proved  

to be effective in inactivating variety of food-borne 

pathogens and spoilage-causing organisms 

(vegetative cells, yeasts, moulds, and viruses) 

(Considine et al., 2008; Tonello, 2011).  

Inactivation of microorganisms by HPP is a 

combination of factors affecting physical properties of 

cell membrane, proteins and enzymes, and genetic 

mechanisms. Cell membrane is known to be the 

primary site of a pressure damage with consequent 

changes in the permeability of the cells, transport 

systems, loss of the osmotic responsiveness and 

incapacity to keep ∆pH, as well as changes in the rate 

of specific physiological functions that cause 

irreversible or lethal damage on bacteria cells  

(Ritz et al., 2001; Molina-Guitierrez et al., 2002). 

Surface dwelling microorganisms live at atmospheric 

pressure (0.1 MPa) and progressively stop growing at  

40–50 MPa (Simonato et al., 2006). For the majority of 

microorganisms, the highest pressure tolerance is found 

between 20 and 30 °C. It is possible to decrease the 

stability of these microorganisms if the lower 

temperatures are applied during high pressure 

treatments (Buckow, Heinz, 2008). However, there are 

an increasing number of mesophilic microorganisms 

with achieved significant improvement of growth 

under high pressure or resistance to high  

pressure directed by evolution (Hauben et al., 1997; 

Karatzas, Bennik, 2002; Pavlovic et al., 2008;  

Aertsen et al., 2009). 

Ability to resist pressure treatment varies considerably 

among different microorganisms’ type, form 

(vegetative cells or spores, Gram-positive or Gram 

negative), genus, species, and strain. With some 

exceptions, the pressure resistance of bacteria depends 

on the morphology and size of the cells, as it is 

observed the most sensitive bacteria are rod-shaped 

whereas the spherical-shaped are more resistant 

(Ludwig, Schreck, 1997). Gram-positive bacteria are 

generally more resistant than Gram-negative bacteria, 

and spores are more resistant than vegetative cells to 

pressure treatment (Patterson, 2005; Jofré et al., 2010). 

Strains within the same species can have wide range of 

sensitivity against physical stresses caused by HPP 

(Liu et al., 2012), therefore, identification of target 

microorganism is crucial for the process validation 

studies. Moreover, higher pressure resistance is 

reported for microbial cells in stationary growth phase 

comparing to those at exponential conditions (Manas, 

Mackey, 2004; Manas, Pagan, 2005). 

The response to HPP of microorganisms in meat and 

meat products is variable and depends on process 

parameters such as pressure, temperature, and 

processing time as well as on product parameters 

such as pH, aW, salt content, and the presence of 

antimicrobials (Töpfl, Heinz, 2009; Rendueles et al., 

2011; Bajovic et al., 2012). Rich nutrient media such as 

meat reinforce the resistance of the microorganisms to 

HPP due to the protective effect of carbohydrates, 

proteins and lipids in meat (Simpson, Gilmour, 1997). 

A great number of studies have shown HHP  

efficiency to control microorganisms in meat and meat 

products (Hugas et al., 2002; Aymerich et al., 2005; 

Lindsay et al., 2006; Morales et al., 2006; Rubio et al., 

2007; Campus, 2010; Bajovic et al., 2012 Jofré, Serra, 

2016). Pressure levels applied for the pasteurization 

of meats and meat products, range in an area of  

400–600 MPa for a short processing time, from 

seconds to several minutes at room temperature. 

Eukaryote vegetative forms from fungi and moulds are 

inactivated with pressure of 200–300 MPa while their 

spores need a 400 MPa treatment. The majority of 

pressure-sensitive bacteria begin to lose viability at 

approximately 180 MPa. In a pressure range of about 

200−400 MPa occur irreversible changes such as cell 

leakage leading to cell death (Lado, Yousef, 2002). 

These treatments lead in most cases to an  

inactivation of > 4 log units for the most common 

vegetative pathogenic and spoilage microorganisms 

resulting in an increased shelf-life and improved safety 

(Rubio et al., 2007; Bajovic et al., 2012). 

The cell death increases with pressure but does not 

follow a first order kinetics and a tail of inactivation is 

sometimes present (Garriga et al., 2002). These 

resistant or sublethally injured cells could be able to 

grow during storage (Bozoglu et al., 2004), therefore, 

HPP cannot be used as single technology for meat 

preserving as products still require refrigerated storage 

during subsequent handling and distribution 

(Carlez et al., 1994; Chen, Hoover, 2003). 

4. Hurdles technology 

Hurdles technology describes application of two or 

more preservation techniques combined to establish a 

series of preservative factors (hurdles), as the result, 

microbial stability, sensory quality, and nutritional 

properties of food products improve (Leistner, 2000; 

Zhou et al., 2010). 

However, more than 60 potential hurdles for foods, 

which improve the stability and / or quality of the 
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products, have been described, and the list of possible 

hurdles for food preservation is by no means complete 

(Leistner, Gorris, 1995; Zhou et al., 2010; 

Rodriguez et al., 2016). Combination of hurdles 

together with HPP increases the antimicrobial effect of 

low pressure processes and minimize the unwanted 

changes induced by ultra-high pressures (above 

400 MPa) (Bajovic et al., 2012). As hurdles may be 

used temperature (high or low), water activity, redox 

potential, vegetable extracts, organic acids, carbon 

dioxide, bacteriocins, osmotic dehydration, pulsed 

electric field, ohmic heating, and others. The 

combination of hurdles may be positive if the effect of 

preservation factors summarizes. In a highly effective 

case may be observed synergistic effect when both 

preservation factors together enhance the effect of each 

factor. For meat and meat products synergistic effects 

with HPP have been described with antimicrobials, low 

pH, carbon dioxide, vacuum packaging and chilled 

storage (Garriga, Aymerich, 2009; Jofré et al., 2010). 

Moreover, additional hurdles or processes are useful to 

avoid the recovery of injured cells (Liu et al., 2012). 

Bacterial spores may be extremely resistant if pressure 

treatment is applied at ambient temperatures, therefore 

a different approach to the method is required. 

Application of very high pressure (1 GPa) or very long 

holding times (from 30 min to hours) is effective but 

not suitable for industrial applications due to high 

energy consumption. In such cases it is necessary to 

apply pressure in combination with high temperature. 

This method is called pressure assisted thermal 

sterilization (PATS) and inactivates even the most 

heat-resistant spores. By increasing temperature  

during HPP lethality of total microorganisms 

enhances, however, it leads to a higher degree  

of protein denaturation and, as a result, it affects  

the fresh-like characteristics of the meat 

(Balasubramaniam et al., 2016). 

5. Packaging 

During storage time packaging protects products 

against deteriorative effects such as discolouration, off-

flavour and off-odour development, nutrient loss, 

texture changes, pathogenicity and other factors 

(Zhou et al., 2010). High pressure treatment commonly 

is combined with vacuum packaging. If the meat is 

subjected to HPP after packaging it is possible to 

reduce secondary contamination simultaneously 

maintaining the freshness of the meat and extending its 

shelf life (Huang et al., 2017). The lack of O2 in 

packages may minimise the oxidative deteriorative 

reactions, and reduce aerobic bacteria growth. Low O2 

vacuum packages for retail meat cuts are usually 

vacuum skin packaging systems with vacuum sealing 

barrier films that are heat shrunk to conform to the 

shape of the product (Belcher, 2006). 

Conclusions 

HPP is an alternative technology to preserve foods with 

reduced thermal requirement and commonly is used for 

meat and various meat products treatment. As the 

result, the nutritional value, of the products is 

preserved and shelf-life extended without the use of 

preservatives or additives. However, depending on the 

pressure level applied, HPP affects quality parameters 

like texture and colour typically associated with fresh 

meat − the meat becomes more gel-structured and 

paler. HPP is an effective method to enable the control 

of pathogenic and spoilage microorganisms in meat 

products. The response to HPP of microorganisms in 

meat and meat products is variable and depends on 

process parameters and on product parameters. 

Commercially applied pressure levels range in an area 

of 400–600 MPa with short processing times at 

ambient temperatures resulting in inactivated majority 

of pathogenic and spoilage microorganisms. If 

additional hurdles technologies are applied 

in combination with HPP it is possible to increase 

shelf-life and improve safety of the meat. Lately HPP 

gains its popularity on commercial scale as a low-

temperature treatment, environmentally friendly and 

waste-free technology. 
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