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 Abstract 
  

Introduction. The aim of this work is to analyze and 
generalize studies on high-pressure effects for gel meat 
products with low levels of salt (1%), namely, changes in 
the structure of meat proteins and gel properties. 

Materials and methods. Literature analysis. 
Results and discussion. A high pressure, as a kind of 

physical sterilization technology, can effectively change 
the protein structure and techno-functional features of 
meat products, while retaining nutritional features and the 
taste. The effect of water holding capacity, colour, texture 
and sensory features in low-salt gel meat products under 
high pressure was reviewed. The effect of processing 
process parameters (pressure, time and temperature) on 
low salt gel meat products was analyzed to alter their 
structure, conformation and gel properties. Meat protein is 
sensitive to high pressure. The structures of the α-helix 
and β-sheet changed to those of the random helices and β-
turns as the pressure was increasing. The solubility of the 
protein and the hardness of the gel reach their maximum 
indicators, and the microstructure of the gel is optimal 
dense and uniform at 200 MPa. Overall, high pressure 
processing can be used to produce low-salt gel meat 
products with good quality. Processing of a beef sausage 
with a low salt content at a high pressure of 200 MPa leads 
to increased solubility of myofibrillar proteins such as 
myosin and actin in salts. The combination of high 
pressure and heat processing at low salt meat protein 
denaturation temperatures results in better retention of 
water and texture than in samples prepared only by heating 
process. Thus, high pressure processing before heat one 
improves the functionality of the meat mince.  

Conclusions. High-pressure processing can be 
effectively used in the production of gel meat products 
with low salt content and high consumer features. 
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Introduction 
 
Sodium chloride is the main source of human sodium intake, and now the low-salt food 

has been payed more and more attention in recent years (Pretorius et al., 2018; Pateiro et al., 
2021). The world health organization (WHO) recommended that the intake of sodium 
chloride should be 4-6 g/d, but the average intake of sodium chloride in the most countries 
was much than that (World Health Organisation, 2007; Zhang et al., 2017; Zhang et al., 
2017). Excessive intake of sodium chloride can cause hypertension and cardiovascular 
diseases, increase the average incidence of kidney diseases and gastric cancer (Bistola et al., 
2020; Tobin et al., 2013; Datta et al., 2007). The historical experience of salt reduction shows 
that reducing the per capita sodium chloride intake requires the effective participation of food 
processing industry (Aliño et al., 2010; Paula et al., 2019; Li et al., 2021), among which the 
most effective method is adopt new processing technology to reduce the sodium chloride 
content in meat products. According to the traditional thermal gel mechanism of meat 
proteins, sufficient sodium chloride can extract the salt-soluble protein, such as myosin and 
actin, to form good texture and taste. The way of directly reduced sodium chloride could 
cause the product yield and edible quality were significantly reduced (Barbut et al., 1988; 
Desmond et al., 2006; Li et al., 2021). Therefore, how to reduce sodium chloride content 
while ensuring the good quality of product has become an urgent problem to be solved in the 
meat industry. 

The use of high pressure technology to reduce sodium chloride content in the gel type 
meat has been reported by some researchers (Barbut et al., 1988; Desmond et al., 2006; Li et 
al., 2021; Li et al., 2020; Li et al., 2021; Lu et al., 2021; Dixon et al., 2019; Dixon et al., 
2019). Due to the structural of protein material component differences appear different 
degree of compression deformation, when the deformation degree is large enough, it may 
affect the combination between protein molecules formed, and cause the destruction and 
restructuring, which affects the functional characteristics of protein. Moreover, protein 
molecule conformation may bring better functional characteristics due to sudden release of 
pressure after pressure is withdrawn (Gao et al., 2018; Xu et al., 2019; Wei et al., 2019). The 
high pressure processing plays a key role in forming the quality of the meat products, there 
are a few reports on reducing salt content in the meat products, but the mechanism of lowering 
sodium chloride was still not completely understand (Jayathilakan et al., 2019). 

One of prospective directions of improving meat products technologies in the direction 
of reducing their salt content is a high pressure technology. Its usage does not reduce the 
amount of introduced sodium chloride from 1.8 to 1.2% in the recipe composition of pork 
sausage, but also improves its technological and consumerist features (Li et al., 2021). Some 
general principles and laws that allow developing a goal-oriented strategy for managing meat 
products technologies describe these changes. 

 
1. Effects of sodium chloride in gel meat products 
 
Sodium chloride plays an important role in gel meat products. First, sodium ions and 

chloride ions can stimulate taste. Second, myofibrillar protein can be extracted to facilitate 
the dissolution and swelling, it increases the water- and oil-retaining properties of the gel, 
and improves product yield, texture and shelf life (Li et al., 2020, Li et al., 2020; Kang et al., 
2014; Alvarez et al., 2007; Yao et al., 2017; Inguglia et al., 2017; Kang et al., 2018). The 
function of dissolving and extracting myofibrillar is called the processing effect of sodium 
chloride, which is the key to form the quality of gel meat products (Lu et al., 2021; Zhu et 
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al., 2018; Mancini et al., 2019). The swelling of myofibrillar is also very important for the 
processing of meat products, it is wrapped around the meat and fat particles or liquid drops. 
During heating, the substances are cross-linked and the water is trapped in the protein matrix. 
Sodium ions can form electron clouds around myofibrillar molecules and promote the 
dissolution of myofibrillar protein (Offer et al., 1983). In fact, the sodium chloride content 
from 1 to 1.5% can meet the majority of consumers' demand for salty taste, however, to meet 
the processing required, the gel meat products generally add 2 to 4% sodium chloride (Hand 
et al., 1982). 

The biggest obstacle to reduce sodium chloride in meat products is that sodium chloride 
is a very cheap ingredient, and consumers are more comfortable with the quality and flavor 
of meat products with adding salt. On the premise that consumers can accept, the main ways 
to reduce the sodium content of gel meat products are summarized as follows: reduced the 
amount of sodium chloride added and replaced with other salt; the Glutamine transaminase 
is added to catalyze the interprotein (or internal) acyl transfer reaction to form covalent cross-
linking between proteins (or polypeptides) (Colmenero et al., 2005; Kang et al., 2016). The 
new process can improve the performance of myofibrillar, and still form a good thermally 
induced gel at low ionic strength (Desmond et al., 2006; Inguglia et al., 2017; Kang et al., 
2016). 

The overall use of salt substitutes is difficult for consumers to accept, but the partial 
reduction of salt in meat products is a desirable approach. There are many kinds of salt, but 
few of them can be used to process gel meat products successfully or completely instead of 
salt (Inguglia et al., 2017; Kang et al., 2017; Mariutti et al., 2017).  

In most studies, sodium chloride was replaced by other chloride salts, because the 
processing effect of sodium chloride is mainly achieved through the binding of chloride ions 
with proteins. The decrease of chloride ion content is lead to a significant decline in gel 
properties. At present, the most successful alternative salt in the study is potassium chloride, 
which can replace about 35~40% sodium chloride in the formula of gel meat products, but 
excessive potassium chloride will produce bitter and other bad smells (Zhang et al., 2017). 
Polyphosphate can increase the pH of meat chyme, cause muscle fibrils to swell, facilitate 
actomyosin dissociation, so it can partially replace sodium chloride. Reducing sodium 
chloride crystal size and changing crystal shape can reduce the amount of sodium chloride 
added without affecting food saltiness. However, gel meat products contain a lot of water, 
and sodium chloride is dissolved in water, so the effect of reducing the content of sodium 
chloride in gel meat products, thus, this method is limited (Angus et al., 2006). 

Another way is to use flavor enhancers. Flavor enhancers increase the saltiness and 
flavor of low-salt meat products, it decrease the use of salt without reducing the saltiness and 
flavor of meat products. Some flavor enhancers and shaders have been used in industrial 
production, and the usage is increasing, such the products include yeast extract, lactate, 
sodium glutamate and nucleotide. Flavor enhancers can stimulate the taste and reduce the 
stimulation of sodium chloride to the taste nerve, helping to reduce the amount of sodium 
chloride used. Pasin et al. (1989) used potassium chloride and nucleotide mixture (50% IMP 
and GMP mixture used commercially) to reduce salt in pork sausages by 75%; Any amount 
of glutamate in these pork sausages combined with potassium chloride can be substituted for 
50% salt (Pasin et al., 1989). Ruusunen (Ruusunen et al., 2001) found that adding glutamate 
sodium or nucleotide mixture to bonian-type sausages could enhance their flavor, there was 
not significant changed after 17 days stored, and the sausage with adding glutamate sodium 
or nucleotide mixture had a better overall acceptability, while the sausage with adding flavour 
enhancer had a good edible quality (Ruusunen et al., 2001). Other compound flavor 
enhancers, such as lysine and succinic acid mixtures, have been studied as substitutes for salt. 
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This kind of complex has the flavor of salt, as well as antibacterial and antioxidant properties. 
It can replace 75% of salt and has a good development prospect (Triki et al., 2017). Through 
adding phosphate, starch and hydrocolloid can make up for the effect of decreased water 
retention and product quality of low-salt meat products. The use of different levels of 
potassium lactate or sodium lactate as an alternative salt to maintain the product's flavor and 
saltiness (Omana et al., 2011). 

Due to the differences in muscle physiology and structure, especially the composition 
of free amino acids that can react with glutamine transaminase, such as the number and 
distribution of amino acid residues, the effects of different types of muscle proteins are 
different, but the heavy chain of myosin is sensitive to glutamine transaminase. 
Transglutaminase greatly changes the structure of myosin heavy chain, leads to the lignin-
helical structure is reduced, and the lignin-folding structure is increased, resulting in the 
generation of polymers, improving the texture of the gel and forming a orderly gel structure 
(Luisa et al., 2015). The other, added glutamine transaminase into 1% sodium chloride 
content of chicken meatballs can improve the yield and gel strength, forming a dense and 
ordered gel structure (Fellendorf et al., 2016). Edrosolam et al. found that added glutamine 
transaminase into low-salt and low-fat bonija sausage, who found that the addition amount 
of 0.15% could increase the elasticity, hardness and cohesion of the hot gel (Edrosolam et 
al., 2014). 

 
2. The principle of high pressure processing 
 
High pressure processing (HPP), can be referred to as ultra high pressure technology or 

hydrostatic technology, the water or other incompressible fluid mediums often act as 
mediators of pressure. During the high pressure processing, the pressure levels generally not 
less than 100 MPa, the commonly used range is 100–1000 MPa and can work in the 
temperature range of -20 to 90 °C. After the food is sealed in an elastic container or placed 
in a pressure system, the non-covalent bonds (hydrogen bonds, ionic bonds and hydrophobic 
bonds, etc.) are been destroyed or formed at a certain temperature for the appropriate 
processing time and pressure level, which cited the enzyme in food, protein, starch and other 
biological high molecular substances are deactivated, denatured and gelatinized respectively, 
and kill the microorganism in food biological, so as to achieve the purpose of food 
sterilization, preservation and processing (Wael et al., 2015). 

As with heat, pressure is a basic thermodynamic variable. Strictly speaking, during HPP 
the effects of temperature cannot be separated from the effects of pressure. This is because 
for every temperature there is a corresponding pressure. Thermal effects during pressure 
treatment can cause volume and energy changes. However, pressure primarily affects the 
volume of the product being processed. The combined net effect duringHPPmay be 
synergistic, antagonistic, or additive (Koutchma T. et al., 2012). 

Mathematically, the impact of pressure (p) and temperature (T) can be quantitatively 
related using Gibbs’s definition of free energy G (Koutchma T. et al., 2012): 

 
G ≡ H − TS,                                                                  (1) 

 
where H and S are the enthalpy and entropy, respectively. Further, 

 
H ≡ U + pV ,                                                                 (2) 

 
where U = internal energy and V = volume. 
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It can be deduced from Equations 1 and 2 that 
 

d (ΔG) = ΔVdp − ΔSdT .                                                     (3) 
 
Therefore, reactions such as phase transitions or molecular reorientation depend on both 

temperature and pressure and cannot be treated separately.Thefollowing are some basic 
governing principles behind HPP. 

The fundamental principles of hyperbaric technique are Pascal's law and Le Chatelier 
principle. Pascal's law takes advantage of the compression effect of high pressure on liquids, 
which means that the pressure applied to the liquid can be transmitted to all parts of the 
system instantaneously at the same size. Therefore, dry food, powdery food or granular food 
should not be used high pressure treatment. According to Pascaline law, the effect of high 
pressure processing is independent of the size, shape and volume of the food. In the process 
of high pressure processing, the whole food will be treated uniformly, the pressure transfer 
speed is fast, there is no pressure gradient.Therefore, the high pressure processing of food is 
simpler, and the energy consumption is also significantly reduced. According to Le Chatelier 
principle, the external pressure reduces the volume of the pressurized system and vice versa. 
Therefore, the physical and chemical reactions in food ingredients will be carried out in the 
direction of the maximum compression state under the pressure treatment of food. The 
increase or decrease of the reaction rate constant k depends on whether the “active volume” 
of the reaction is positive or negative. This means that high pressure processed food will force 
the reaction system to reduce the volume, affecting not only the reaction balance in the food, 
but also the reaction rate, including chemical reactions and possible changes in molecular 
conformation. It is well known that the mechanism of meat proteins unfolded, denaturation 
and formed gel caused by heat and high pressure is difference. High pressure processing 
induced meat gels are based on the protein volume decline, while the thermal meat gels is 
caused by the violent movement of molecules and destruction of non-covalent bonds. 

At constant temperature, an increase in pressure increases the degree of ordering of 
molecules of a given substance. Therefore, pressure and temperature exert antagonistic forces 
on molecular structure and chemical reactions. 

As with thermal processing, various reaction rates during HPP are also influenced by 
thermal effects during pressure treatment. The net pressure-thermal effects can be synergistic, 
additive, or antagonistic. 

High-pressure processing of muscle based products is paying more and more attention 
in the meat industry, which could prolong the shelf life of meat products, inactivate vegetative 
micro-organisms and enzymes near room temperature, because of the processing allows the 
decontamination of muscle based products with minimal impact on their nutritional and 
sensory features. Therefore, The application of high pressure offers some interesting 
opportunities in the processing of muscle-based food products, such as, the high pressure can 
affect the texture and gel-forming properties of meat batter and myofibrillar proteins, the 
tenderize, color and other properties of muscle. The processing effects on muscle based 
products are highly dependent on the primary effects of pressure, time and temperature on 
the relevant thermodynamic and transport properties of meat systems. However, the pressure-
labile nature of some meat protein systems, such as myosin or myoglobin often limits the 
range of attractive commercial applications to prefermented and cooked meat products. 
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3. Use of high pressure in meat products 
 
Improving processing techniques and equipment can also reduce sodium chloride of 

meat products. The application of high pressure technology in food has a long history. As 
early as 1895, Royer found that high pressure treatment can kill bacteria. In 1899, Hite first 
discovered that 450 MPa pressure could extend the storage period of cow milk. Brigman, an 
American physicist with the reputation of "pioneering the study of modern high pressure 
technology", who has been conducting systematic research on the high pressure effects of 
macroscopic behaviors such as solid compressibility, mechanical properties. In 1914, the 
high pressure technology of food was defined, and report that the albumin solidified under 
500 MPa and became hard gel under 700 MPa was proposed (Bridgman et al., 1914). High 
pressure treatment led to change in the structure of protein molecules by affecting the 
molecular volume and non-covalent bond of protein, thus improving their functional activity 
(Ngarize et al., 2004; Xu et al., 2016). 

 
3.1. Effect of high pressure on tenderness in meat products 
 
High pressure treatment has a certain tenderizing effect on meat. The tenderness of meat 

after high pressure treatment is increased, indicates that the muscle node structure is damaged 
and the muscle fiber structure is changed during pressure treatment (Tauc. et al., 2002; Perrett 
et al., 2002; . Ma et al., 2013; Warner et al., 2019). The tenderizing mechanism of high 
pressure on meat mainly has two aspects:  

1. Mechanical force causes the binding dissociation of muscle actin and myosin in muscle 
fibers, muscle fiber disintegrates and muscle fibrin dissociates into small fragments, 
resulting in a decrease in muscle shear force;  

2. Pressure treatment causes the activation of endogenous proteinase-calcium enzymes in 
muscles (Cioni et al., 2002; Simonin et al., 2012).  
Accompanied by the tenderizing, the changes of meat color was generated treated by 

high pressure. The myoglobin and hemoglobin in the myoplasm gradually denature under 
pressure and lose their inherent red color, resulting in the red color of muscles gradually 
becoming lighter and gray, and finally turning gray like cooking meat (Orlien et al., 2014; 
Wang et al., 2020). When the pressure is lower than 200 MPa, the appearance of meat does 
not change much, but the color of meat fades when the pressure is higher than 200 MPa. The 
reasons of pressure processing of meat color are as follows:  

1. The pressure between 200~350 MPa, the white color (L* value) was probably globulin 
of myoglobin degeneration or heme is replaced or lose.  

2. The pressure loss of red when more than 400 MPa, due to ferrous myoglobin oxidation 
into high-speed rail by myoglobin (Canto et al., 2012; Ha, 2017). The occurrence of the 
above two changes are main dependent on whether exceeds the pressure required for 
the change, and less affected by the pressure and time. 
 
3.2. Effect of high pressure on oxidation in meat products 
 
Some studies have investigated that the influence of high pressure on fat stability of 

meat products is related to oxygen, composition of meat and temperature. The effect of high 
pressure on lipids is reversible, and lipids are stable under appropriate high pressure. In the 
presence of meat tissue, the pressure at room temperature over 300 MPa is aggravated the 
rate of lipid oxidation, and the TBA value of peroxides is higher than that of unpressurized 
lipids (Tuboly et al., 2003; Chen et al., 2018; Bernasconi et al., 2020; Rivas-Caedo et al., 
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2021; Martínez-Onandi et al., 2019). Under the condition of high temperature, the inhibition 
effect of high pressure treatment on fat oxidation will disappear. High pressure induced fat 
oxidation limits the application in meat processing. Metal chelating mixture can effectively 
eliminate the initiation of fat oxidation and become an ideal antioxidant to prevent fat 
oxidation in meat treated by high pressure (Guyona et al., 2016; Cava et al., 2020). 

 
3.3. Effect of high pressure on bacteria in meat products 
 
High pressure can destroy the cell wall and cell membrane of bacteria, inhibit the 

activity of enzymes and the replication of genetic materials such as DNA, destroy the 
hydrogen bond, disulphide bond and ionic bond of proteins, and finally cause the death of 
microorganisms (Delgado et al., 2015; Park et al., 2006; Garriga et al., 2002). As the 
temperature increases (decreases) with the pressure (pressure relief) during the high pressure 
treatment, the temperature increases 2~4 °C for every 100 MPa of pressure increase. Thus, 
in recent years, it has also been considered that the lethal effect on microorganisms is the 
result of the combined action of compression heat and high pressure (Cava et al., 2020; Yuste 
et al., 1999; Ko et al., 2002; Wang et al., 2021). It is well known that gram-negative bacteria 
and yeast can be basically killed at a pressure of about 400 MPa, while gram-positive bacteria 
need to be killed at a pressure of 600 MPa, while to kill spore bacteria requires a higher 
pressure and proper heating and prolongs holding time. The killing effect of spore bacteria 
can be improved obviously if the high pressure pulse treatment is applied alternately to 
pressure and pressure relief (Bonilauri et al., 2021; Jung et al., 2003; Macfarlane et al., 1985). 

 
4. The use of high pressure in low-salt meat products 
 
The high pressure treatment improves the functional properties of meat protein, and is 

beneficial for reducing salt (Chen et al., 2018; Duranton. et al., 2012; Zheng et al., 2017). 
Such as, the surface hydrophobicity and total sulfhydryl groups of rabbit myosin were 
increased under high pressure between 100 and 200 MPa (Chapleau et al., 2004). Meat 
protein is sensitive to the high pressure treatment. The α-helix and β-sheet structures changed 
into random coil and β-turn structures as the pressure levels increased; moreover, the protein 
solubility and gel hardness reached their maximum values and the gel microstructure was 
dense and uniform at 200 MPa. Thus, a better understanding of the changes in gel properties 
and protein conformations occurring in meat products induced by combined high pressure 
and thermal conditions could be helpful to elucidate their role during gel formation and 
facilitate the development of new healthy meat products (Zheng et al., 2017; Zhang et al., 
2017; Yang H et al., 2021).  

Sensory evaluation was conducted after the high pressure treatment of low-salt 
frankfurter by high pressure, and it was found that the tasters were more likely to accept the 
sausages treated with low salt and high pressure, which indicated that high pressure could 
improve the texture of the sausages, and partially reduce the amount of salt (Crehan et al., 
2000). Grossi et al. (Grossi et al., 2011) reported that the use of high pressure technology 
could reduce the sodium chloride content from 1.8% to 1.2% of pork sausage with carrot 
fiber and potato starch, and had no negative impact on the water-retaining performance, color 
and texture. The other, increased the pressure and temperature, and the meat batter with carrot 
fiber forms a highly elastic, organically combined and orderly network structure (Grossi et 
al., 2011; Sun J., et al., 2012). 
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4.1. Effect of high pressure on cooking yield in low-salt meat products 
 
The water and fat holding capacity is an important indicator the quality of meat 

products, it expresses the ability of comminuted meat products to hold water and fat. The 
pressure intensity, salt content, meat type, composition, temperature and others factors 
independently affected both the water and fat holding capacity of comminuted meat products 
(Sukmanov et al., 2019a; Sukmanov et al., 2019b). Zheng et al. (Zheng et al., 2017) reported 
that the cooking loss of low-salt chicken meat batters treat by high pressure was not 
decreased, this suggested that high pressure was much more effective, than salt in reducing 
water loss during the cooking. Because of the 100 or 200 MPa is too low to affect the 
exposure of buried sulfhydryl groups, the SH content of myosin was not significantly 
differences; at 300 MPa and above, the SH content was significantly increased, the increase 
of sulfhydryl groups might be explained by the change of myosin structure. Rospolski et al. 
(Rospolski et al., 2015) studied the effects of high pressure parameters and NaCl 
concentration on the physical properties chicken meat batter, showed that the water became 
slightly more tightly bound to the meat matrix after high pressure processing treatment, the 
reason is that high pressure processing could increase the solubility of meat protein, so that, 
increased water and fat holding capacity and decreased mechanical water loss (Hugas et al., 
2002; Chan J et al., 2011).  

 
4.2. Effect of high pressure on texture in low-salt meat products 
 
The texture is an important characteristic of meat products, which decides the edible 

quality of low-salt meat product. It is well known that high pressure processing is an 
important thermodynamic parameter that can profoundly influence molecular systems. Due 
to the myofibrillar protein became unfolded with the pressure increased, more buried 
hydrophobic residues were exposure and more hydrophobic sites or pockets of protein 
molecules, then the large protein aggregates was formed. When the pressures over 400 MPa 
can readily denature proteins, and 200 MPa only affects their quaternary structures, leading 
to the dissociation of oligomeric proteins (Aertsen 2009; Bai et al., 2021). Ngarize et al. 
(2004), Grossi et al., (2016) found that the solubility of myofibrillar proteins was decreased 
when the pressure up to 400 MPa and above, due to the protein-protein interaction at 400 
MPa is formed at the expense of protein-water interactions, and the intermolecular H-bonds 
between proteins are stronger than the H-bonds between protein and water. Yang et al. (Yang 
et al., 2015) have investigated that the use of high pressure processing for enhancing the 
functional properties of reduced-fat (20%) and reduced-salt (1%) pork sausages without the 
need for additives, who found that the textural properties of hardness, chewiness, springiness, 
cohesiveness and resilience were significantly (P < 0.05) increased at an interval of 100 MPa 
and 200 MPa, except the adhesiveness up to 200 MPa, but no changes of of hardness, 
chewiness, springiness and resilience were observed up to 300 MPa and 400 MPa. Because 
the myofibrillar proteins, such as myosin and actin,  were more salt soluble when low-salt 
beef sausage batters were subjected to high pressure at 200 MPa than the untreated batter 
(Sikes et al., 2009; Tintchev et al., 2013). (Oflynn et al., 2014) found that high pressure 
treatment is a potential technology to manufacture sausages maintaining sensory and 
functional properties, and could decrease the salt levels in reduced-phosphate breakfast 
sausages, improve the juiciness and cohesiveness. 
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4.3. Effect of high pressure and heat combination in low-salt meat products 
 
It is well known that the mechanism of meat protein denaturation and formed gel caused 

by heat and high pressure are differences. The high pressure treatment induced meat gels is 
based on the protein volume decline, while the thermal meat gels is caused by the violent 
movement of molecules and destruction of non-covalent bonds. Some researches have 
reported the effected of low-salt meat products on the combination of heat and high pressure 
(Chen et al., 2018; Zheng et al., 2017; Tintchev et al., 2013; Oflynn et al., 2014; Khan. et al., 
2014; Zheng H. et al., 2019). The temperature during high pressure processing also affected 
water and fat holding capacity, and gel properties. Combining high pressure and heat 
treatment at low-salt meat protein denaturation temperatures in a single-step process has 
reportedly resulted in better water retention and texture than heat-only samples (Jimenez-
Colmenero et al., 1998; Zheng et al., 2017; Zheng. et al., 2015). High pressure treatment prior 
to thermal processing improves the functionality of meat batters. Wei et al. (Wei et al., 2019) 
studied the effects of protein conformations and gel characteristics of low-salt (1% sodium 
chloride) pork batters produced by high pressure prior to heating (20-60 °C), who found that 
the highest cooking yield, hardness, springiness, chewiness, and G' values were observed in 
batters made by high pressure at 20 and 30 °C. Meanwhile, the α-helix structure was 
significantly decreased, and accompanied by the increase of β-sheet, β-turn, and random coil 
structures at 20-40 °C. The reason is possible that the maximal solubilization of myofibrillar 
protein occurred at 200 MPa, with a reduction of salt content by 50% and improvement of 
functional properties, such as water-holding capacity and texture (Tintchev et al., 2013). 
Zheng et al. (Zheng H. et al., 2019) investigated the effect of appearance, texture, water 
holding capacity, sensory attributes and microstructure of chicken breast meat batters by 
heating under 0–400 MPa (75 °C, 30 min), the result was that the high pressure, rather than 
salt, was the main factor affecting the quality of chicken meat batter, the quality of low-salt 
chicken batter was improved by heating under 200 MPa and formed a fibrous network inside 
muscle fibers; meanwhile, application of HUP at a specified pressure was an excellent 
process for producing low-salt comminuted meat products; but excessive high-pressure 
resulted in inferior quality. 

 
Conclusion 
 
High pressure has been widely applied and developed rapidly in practical production 

due to its leading technical characteristics, good economic and social benefits. The effects of 
high pressure on various components of low-salt meat products vary greatly with the 
pressure, temperature and time. In spite of great efforts, the mechanism of high pressure on 
low-salt meat products has not yet been obtained, which leads to get a clear understanding of 
their behaviour is difficult. Even so, with the development of research, people will have a 
better understanding on the influence of high pressure in low-salt meat products and its 
relationship with the change of meat quality. Thus, the use of high pressure processing could 
improve the quality of low-salt meat products. 
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