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Abstract
High hydrostatic pressure (HHP) technology has become a reality in the food industry. Commercial use of HHP has been accepted in many countries and it is possible to find and buy products treated by HHP. HHP is a non-thermal technique that is recently receiving a great deal of interest as a technology to destroy pathogenic and spoilage microorganisms in foods and also enables food processing at ambient temperature or even lower temperature, it causes microbial death while virtually eliminating heat damage and the utilization of chemical preservatives/additives, thereby leading to improvements in the overall quality of foods.  HPP offers the chance of producing food of  high quality, greater safety, increased shelf life and improved sensory quality. Because of these reasons, HHP technology is now using in many food products.  In this report the articles about the high hydrostatic pressure applications in food industry were summarized. 
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Introduction
HHP processing has been considered as a promising alternative to conventional thermal pasteurization for food preservation due to its potential to inactivate spoilage and pathogenic bacteria, however, causing minimal loss of vitamins and flavor compounds, and maintaining the quality attributes of food products. The application of high hydrostatic pressure in food preservation has received particular attention as a viable alternative (economically and technologically) to thermal processes. The first research on the effect of high pressure on food was first carried out in the nineteenth century  describing an increase in shelf-life for products such as milk, fruit and other foods, but the scientific development, its application in the food industry, and the foodstuff marketing are much more recent and have taken place in the past two decades. At present, thanks to technological improvements in equipment, industrial application is widespread for a range of pressures between 100 and 800 MPa, depending on the desired objective. HHP processing as a novel non-thermal method has shown great potential in producing microbiologically safer products while maintaining the natural characteristics of the food items. It is an innovative, emerging technology with potential for optimising intake of nutrient and nonnutrient phytochemicals in human foods. Retention of organoleptic attributes and other characteristics of freshness, combined with increased convenience and extended shelf life, will no doubt increase the appeal of foods preserved using HPP to consumers. HHP can also protect the nutraceutical constituents of fruits and fruit products and at the same time it can reduce the microbial load and undesired enzymes.
1.
High Hydrostatic Pressure (HHP)

1.1.  
Definition of Pressure

Pressure is defined as the force per unit area applied on a surface in a direction perpendicular to this surface, mathematically; 

P=F/A 

 in which P is the pressure, F is the normal force applied to the surface and A is the area of the surface.
 The official pressure unit is the Pascal (Pa) (1 Pa=1 N/1 m2=10−5 bar). The Newton representing a small force and 1 m2 corresponding to a large surface, the Pascal unit is a very small pressure unit. Consequently, the Megapascal (MPa) [1MPa=106 Pa] is the pressure unit commonly used in high pressure studies.
Two types of pressures can be considered as static and dynamic pressures.
Static Pressures: 
Used in treatments where the pressure value can be maintained over a long time. Two different categories of static pressure can be defined:
• 
Isostatic pressure, where the pressure value is the same in all the directions of the space. This is in particular the case in water (hydrostatic pressure). Hydrostatic pressure by definition is the pressure exerted by a fluid (water) at equilibrium at a given point within the fluid, due to the force of gravity. Hydrostatic pressure increases in proportion to depth measured from the surface because of the increasing weight of fluid exerting downward force from above.
• 
Non - isostatic pressure, where a pressure gradient is induced versus the structure of the equipment generating the pressure or versus the non - homogeneous compressibility of the medium (in particular in the case of solids with an anisotropic structure). [1]
Dynamic Pressures: 
Concern super-high pressures developed over a short length of time and usually associated with temperature. Shockwaves are mainly used to generate such pressures.

HHP is a parameter characteristic of the biosphere considering the volumes occupied respectively by its major terrestrial (land) and aquatic components. Terrestrial habitats, where pressure value is close to 1 bar or lower, account for less than 1% of the total volume of the biosphere. Pressure appears to be an important parameter at/or near the surface of the Earth. Taking into account that the maximum pressure value at the centre of the Earth is evaluated to be 4 Mbar (400 GPa)
1.2.  
Main Factors Characterizing Pressures

Roughly, three main factors can characterize the pressure effects; the energy, the densification effect and the chemical reactivity.

· The Energy: When the energy conveyed by high pressure is compared to the average value of the energy of chemical bonds, it can be underlined that energy developed by high pressure is quite low. Consequently high pressure will only affect weak chemical bonds. Energy is directly correlated to the compressibility of the medium but in all cases its value is small (even in the gases) compared to the one of a chemical bond. Such a comparison underlines that the energy developed by pressure is very small compared to that developed by temperature; consequently the phenomena induced by both parameters in Biosciences will be completely different.
· The Densification Effect:  Due to compressibility, the difference between final and initial volumes under high pressure (ΔV value) is always negative. This factor induces different phenomena such as:
(1) the formation of new structural forms (such as different structural spatial forms observed, for example, in Materials Chemistry during the high pressure direct conversion from graphite to diamond or in Biosciences with the high pressure effects on food biopolymers). [1]
(2) The modification of the equilibria, for example the dissociation of water. Pressure increases the dissociation of water and consequently the ke value is improved (ke=[H+][OH̶ ]). Such a phenomenon is the result of two aspects: (a) the negative ΔV value (ΔV=−22 ml/mole for the dissociated water), (b) the electrostriction phenomenon (the positive or negative charges being rearranged in a more compact structure around the ions). Under very high pressure conditions (P≈5 GPa), water can be considered as a melt-salt due to the displacement of the dissociation equilibrium. Taking into account these two factors, which are characteristic of the thermodynamical parameter pressure, only the weak chemical bonds leading to a negative ΔV value will be affected by high pressure.

· The Chemical Reactivity: Temperature and pressure are used to shift reaction equilibria. In particular, considering an equilibrium between a solid and a liquid, pressure usually improves the solubility and consequently the concentration of the solvated species is increased. In addition, due to the compressibility of the solution, the average distance between the solvated species is reduced. All these phenomena lead to an improvement of the chemical reactivity, inducing an increase of the kinetics. Such kinetical effect has been underlined, for example, for the stabilization of metastable materials using solvothermal processes and the investigations of the diffusion/impregnation of saccharose and NaCl under HHP. [1]
1.3.  
Pressure Effects on Pathogens

1.3.1. Bacteria

High pressure inactivation of bacteria was the main objective of the first experiments conducted under high pressures. Since then, many advances have been made in this field, especially in the comprehension of the mechanisms involved in the bacterial inactivation processes. Cell membrane is often considered as the first site of injury in pressure-inactivated bacteria. Indeed, scanning electron microscopy observations show some bud scars on the surface of pressurized cells, suggesting that the cellular wall or membrane may be one of the targets of high pressures. However, membrane damage in some bacteria strains (assayed with Propodium Iodide staining) appears later than cell death and disruption of this membrane cannot be observed even at the highest pressure treatments. So, the action of high pressures on cell membrane may involve some other mechanisms.

The efficacy of high pressure inactivation of bacteria is dependant of many parameters, including the cell itself, the water activity of the system and the temperature used for the high pressure treatment. Gram positive bacteria appear to be more pressure resistant than Gram negative bacteria. It is assumed that this difference of sensitivity to high pressure could be associated with difference of structures of the cell envelope. Indeed, the cell envelope of Gram negative bacteria is composed of an additional layer: the outer membrane which is more pressure sensitive than the cytoplasmic membrane.

The water activity (aw) of the system is also an important factor for the inactivation of bacteria under high pressure. It appears that as aw decreases, bacteria become more resistant to the pressure effect. 
1.3.2. Yeasts and Molds

In general, yeasts and fungi are more sensitive to high pressure than vegetative bacteria. The inactivation mechanism for yeasts by high pressure is close to the one for bacteria, in that high pressure affects the cell membrane permeability and cellular structures, is responsible for protein denaturation.  [1]
1.3.3. Bacterial Spores

Bacterial spores are the environmentally resistant form of some Gram positive bacteria. The direct inactivation of spores by high pressure necessitates the application of very high pressures, as high as 827 MPa for 30 min at 75 °C. In order to kill spores using high pressure, the process is often divided in two steps: one at lower pressures (50 to 300 MPa) which initiates the germination process, and one at higher pressures (>400 MPa) that inactivates the germinated spores obtained at the end of the first step. Indeed, moderately high pressures (mHP) trigger the germination process via the activation of nutrient germinant receptors present at the surface of the spore's inner membrane. However, how mHP activates these receptors is still a matter of debate. They could act directly on the receptors themselves, causing some structural changes, or on the inner membrane in which the receptors reside. Following the activation step, mHP germination follows the same pathway as nutrient germinat.
1.3.4. Viruses

Most of the studies have been conducted on enveloped viruses. In this case, high pressure can affect three types of interactions: protein–lipid, protein–protein, and protein–nucleic acid. This later seems to remain intact under high pressure. Non enveloped viruses are usually more pressure resistant than enveloped viruses. The fusogenic state described for enveloped viruses can also be found in pressure-inactivated non enveloped viruses. It is often proposed that under pressure, the capsid disassembles and when pressure is released, there is reassociation to a non-infectious particle, which resembles the fusion intermediate state described for enveloped viruses. Their inactivation is often enhanced when high pressure treatment is applied at subzero temperatures. Under these conditions, proteins can undergo cold denaturation due to a synergistic destabilization of hydrogen bonds and hydration of hydrophobic groups, leading to the loss of quaternary and tertiary structures. [1]
1.3.5. Parasites
Only little information is available on the effect of high hydrostatic pressure on parasites. Until now, studies have been conducted on two types of parasites: protozoan parasites and nematodes. Oocysts are the resistant form of protozoan parasites. Oocysts from parasites such as Cryptosporidium parvum or Toxoplasma gondii can be easily inactivated by a pressure comprised between 340 MPa and 550 MPa applied for a short time (≤3 min). Studies on nematodes such as Ascaris suum or Anisakis simplex demonstrated that a relatively low pressure (≈200 MPa) applied for a short time (≤10 min) is sufficient to inactivate these parasites. [1]
1.4.  Principles of High Hydrostatic Pressure

High hydrostatic pressure technology is based on the use of pressure to compress food located inside a pressure vessel for a short period, typically ranging from a few seconds to several minutes. The pressure vessel is the most important component of HHP equipment, consisting of a forged monolithic cylindrical piece built of alloy steel with high tensile strength. Multilayer or wire-wound prestressed vessels are used for pressures higher than 600 MPa. Prestressed vessels are purposely designed with residual compressive stress in order to lower the maximum stress level in the vessel wall during pressurization, hence reducing the cost of producing this important piece of equipment. Food is pressurized by direct and indirect methods utilizing water as a pressure-transmitting medium. In the direct method, a piston is pushed at its larger diameter end by a low-pressure pump, directly pressurizing the pressure medium at its smaller diameter end. This method allows very fast compression but requires a pressure-resistant dynamic seal between the piston and the internal vessel surface to avoid leaks and contamination of the food. In the indirect method, high-pressure intensifiers are used to pump the pressure medium from the reservoir into the closed vessel until the desired pressure is achieved.

The applied pressure is isostatically transmitted by a fluid. In this way, uniform pressure from all directions compresses the food, which then returns to its original shape when the pressure is released.
2. Food Industry

The potential of high pressure to inactivate many pathogens while keeping intact most of the organoleptic properties of food products is of great interest for the food industry. Indeed, the application of high pressure processing presents many advantages, including the preservation of vitamin and flavour compounds, its uniform and instantaneous application which is independent to the size and shape of the treated product, the low energy required for its running.
Since the first approaches of high pressure processes in food technology, the research of indicator systems (physical and biological) in order to evaluate the impact of high pressure treatment of foods (pascalisation) compared to the conventional food safety treatments (pasteurization, and sterilization) is an important key for industrial developments.  [1]

The use of high hydrostatic pressures (HHP) for food processing is finding increased application within the food industry. One of the advantages of this technology is that because it does not use heat, sensory, and nutritional attributes of the product remain virtually unaffected, thus yielding products with better quality than those processed traditional methods. HHP have the ability to inactivate microorganisms as well as enzymes responsible for shortening the life of a product. In addition to lengthening the shelf-life of food products, HHP can modify functional properties of components such as proteins, which in turn can lead to the development of new products. Equipment for large-scale production of HHP processed products are commercially available nowadays. Guacamole, sliced ham, oysters, and fruit juices are some of the products currently available on the market. HHP technology is one of the most promising nonthermal processes. [2]

3. High-Pressure Processing Effects on Microbial Food Safety and Food Quality

The quality and safety of food products are among the most important factors influencing consumer choices in modern times, as well as being the most important considerations of food manufacturers and distributors. It is therefore of utmost importance for the food industry to continue to seek out more effective methods to reduce undesirable changes in foods associated with food processing, such as loss of colour, flavour, texture, smell and, most importantly, nutritional value. High-pressure processing (HPP), also known as high hydrostatic pressure (HHP), is a relatively new, nonthermal food processing method that subjects foods (liquid or solid) to pressures between 50 and 1000MPa. [3]
3.1.  
Effect of HPP on Microbial Food Safety
Endospores tend to be extremely HPP resistant compared with vegetative cells, withstanding treatments of more than 1000MPa. HPP can induce germination of bacterial spores, the extent of which varies according to the growth medium and test organism. Combination treatments of heat and pressure applied simultaneously or sequentially, as well as pressure cycling treatments, have been studied, and although these methods achieve spore inactivation to some degree, complete efficacy depends on factors such as bacterial species, number of treatment cycles, pH, pressure, processing time and temperature reported that germination of spores could be achieved using both low- and high-pressure treatments; however, spores germinated at lower pressures were in turn more sensitive to subsequent pressure treatments. Complexity of the gram-negative cell membrane could be attributable to its HPP susceptibility. In comparison, yeasts and moulds are relatively HPP sensitive; however, ascospores of heat-resistant moulds such as Byssochlamys, Neosartorya and Talaromyces are generally considered to be extremely HPP resistant. Pressure resistance of viruses varies considerably; HPP can cause damage to the virus envelope preventing the virus particles binding to cells or even complete dissociation of virus particles, which may be either fully reversible or irreversible. Recent evidence suggests that some prions are affected by pressure in conjunction with a simultaneous treatment temperature of 60°C suggested that the irreversible effects of HPP-thermal treatments of prions observed by another group were most likely due to, because HPP does not disrupt covalent bonds, changes in weak inter- and intramolecular interactions that affect the stability of the cross-β structure of amyloids thereby increasing digestion efficiencies with proteinase K. 
Such work has mainly concentrated on food pathogens such as E. coli, Listeria monocytogenes and lactic acid bacteria such as Lactobacillus sanfranciscensis. These studies and others have revealed that HPP treatment induces, among others, oxidative stress, heat- and cold-stress responses, an SOS response, up-regulation of genes for chemotaxis, phosphotransferase systems, flagellar systems and genes involved in cell elongation and septum development.  [3]
3.2.  
Effect of HPP on food quality
HPP has the potential to produce high-quality foods that display characteristics of fresh products, are microbiologically safe and have an extended shelf life. HPP foods are currently considered novel foods as they fulfil two criteria: a new manufacturing process has been employed in their production, and their history of human consumption, to date, has been minimal. Consumer perception of food quality depends not only on microbial quality but also on other food factors such as biochemical and enzymatic reactions and structural changes. HPP can have an effect on food yield and on sensory qualities such as food colour and texture. The appearance and colour of food has been shown to significantly influence consumer sales.While some degree of protein denaturation can take place during HPP treatment of certain high-protein foods, the resulting changes in physical functionality and/or changes in raw product colour are significantly less than those experienced using conventional thermal processing techniques.

A thorough understanding of the rheological properties of foods is essential for product development and quality control. The physical structure of most high moisture food products remains unchanged after HPP exposure as the pressure exerted does not generate shear forces; however, colour and texture may change in gas-containing products post-HPP treatment due to gas displacement and liquid infiltration into the collapsed gas pockets from the surrounding food structure. Despite causing some undesirable textural changes, HPP can also be used to induce beneficial changes in product texture and structure such as melting of Mozzarella cheese during processing. One of the main benefits of HPP of food is the extension of shelf life while retaining the sensory characteristics of fresh food products reported that the delicate sensory attributes of avocado could be preserved using HPP while also conferring a reasonably safe and stable shelf life. In a sensory evaluation study that contained meat products treated with HPP and/ or heat and untreated controls, panellists were unable to distinguish between them. Product yield is of immense economic importance to food manufacturers and HPP treatment in general gives a higher food product yield compared with heat treatment, with effects depending on product type and treatment intensity. 
Perhaps the best-documented example of a successful HPP effect on industry is the treatment of oysters. HPP denatures the adductor muscle, which enables easy opening of the oyster shell without causing knife damage to the product, thereby reducing the labour cost and risks associated with hand-shucking. HPP treatment increases the microbiological safety and shelf life of oysters by up to 3 weeks under refrigeration conditions and yield increases of up to 25% have been reported.   [3]
One of the main benefits obtained by using HHP in food processing is the extended shelf-life, accompanied by an increase in the safety of the product. The increase in shelflife allows a significant extension of the best-before dates, whose extent depends on product characteristics and processing conditions. In packaged products with low microbial counts due to previous treatments (e.g. heating), HHP process can provide a high level of security. Most vegetative pathogens are susceptible to pressure, and standard treatments achieve significant reductions. At international level agreement has been reached on standardized conditions for heat treatments (pasteurization, sterilization) according to certain time-temperature combinations.
Likewise, the development of HHP would be favoured if standardized treatment conditions were proposed by international bodies such as Codex Alimentarius, ICMSF (International Commission on Microbiological Specifications for Foods) or ILSI (International Life Sciences Institute).   [4]

4. Researches on High Hydrostatic Pressure Applications in Food Processes

4.1.  
Effect of High Hydrostatic Pressure on Lycopene Stability
Lycopene is the predominant carotenoid found in tomatoes and responsible for the redness of ripe tomato fruits and tomato products. It is also one of the major carotenoids present in human serum and organs. Dietary intake of tomatoes and tomato products containing lycopene has been shown to be associated with decreased risk of chronic disease such as cancer and cardiovascular disease in numerous studies. Therefore, the content and stability of lycopene in food has taken on added importance.
Lycopene standard in hexane and tomato puree were pressurized at 100, 200, 300, 400, 500 and 600 MPa for 12 min at controlled temperature (20 ± 1°C). After application of pressure, samples were stored at refrigerator temperature (4 ± 1°C ) and ambient laboratory temperature (24 ± 1°C) under lightproof conditions. HPLC and spectral analysis were employed to analyze lycopene and its cis-isomers in samples after HHP and after 2, 4, 8 and 16 days of storage. High pressure affected the content of total lycopene and the percentage of the presumptive 13-cis isomer, both in lycopene solution and tomato puree. Furthermore, the higher the storage temperature, the greater was the loss of total lycopene and the higher the percentage of 13-cis isomer. However, the pressure effects were widely different in lycopene solution and tomato puree. 500 and 600 MPa led to a significant (P < 0.05) loss of lycopene while 400 MPa retained the maximal stability of lycopene in solution. The highest stability of lycopene was found when tomato puree was pressurized at 500 MPa and stored at 4 ± 1°C. Tomato puree treated with 500 MPa for 12 min under 20 ± 1°C appeared to be stable during storage at 4 ± 1°C for about 6 months. Results indicated that HHP is an alternative method for producing ambient-stable tomato products in terms of lycopene preservation. [5]

4.2. High Hydrostatic Pressure Treatment Applied to Model Cheeses Made From Cow’s Milk Inoculated with Staphylococcus aureus
One of the most HHP resistant non-sporulated gram positive bacteria is Staphylococcus aureus. S. aureus is one of the main agents of food intoxication from milk and dairy products. S. aureus may be found in cheeses made either from raw milk or from pasteurized milk. Many authors have studied the inactivation of S. aureus in buffer systems and foods after applying HHP. 

Pasteurized milk was inoculated with two strains of Staphylococcus aureus (CECT4013 or ATCC13565) and used to elaborate softcurd cheeses with approximately 7.5-log cfu/g (Colony Forming Unit)of S. aureus. Cheeses were submitted to 10 min HHP treatments of 300, 400 or 500 MPa at 5°C or 20°C.  Staphylococcal enterotoxins (SE) was evaluated in cheeses containing ATCC13565. Counts of S. aureus were measured after HHP treatment (day 1) and after 2, 15 and 30 days ripening at 8°C . Inactivation increased with pressure and storage time, but was similar for both treatment temperatures. Maximum S. aureus reductions were achieved after 30 days ripening for samples treated at 500 MPa and 5°C: 6.0 ± 0.1 and 4.7 ± 0.5-log cfu/g for CECT4013 and ATCC13565, respectively.
However, SE was detected in all cheese samples containing ATCC13565 before and after HHP and after 30 days ripening. [6]
4.3. Design and Evaluation of a High Hydrostatic Pressure Combined Process for Pasteurization of Liquid Whole Egg
Liquid whole egg (LWE), in addition to its nutritional value, contributes physic- chemical properties to foods such as coagulating, foaming, and emulsifying. Unfortunately, egg products are also responsible for a large number of foodborne illnesses, with Salmonella being responsible in most cases. Traditional thermal treatments used to pasteurize LWE (e.g., 60 °C for 3.5 min in the USA, or 64 °C for 2.5 min in theU.K.) ensure food safety by giving from 5 to 9 Log10 reductions of themost frequent Salmonella serotypes. [7] However, some heat-resistant microorganisms can survive these pasteurization requirements and spoil the LWE even under refrigerated conditions. Microorganisms like Alcaligenes, Bacillus, Pseudomonas, Proteus, Listeria, including the pathogenic Listeria monocytogenes, or some species of Escherichia, like Escherichia coli have been isolated from pasteurized LWE.
The high heat sensitivity of LWE precludes heat pasteurization at higher temperatures than those commonly used in the food industry, since some soluble proteins begin to precipitate at temperatures as low as 57 °C. To overcome the limitation of conventional heat pasteurization and to extend the refrigerated shelf life of LWE, alternative non-thermal technologies are being explored for LWE pasteurization, such as HHP.
HHP technology applied at 20°C is not adequate for the pasteurization of LWE without affecting its physical properties. HHP treatments that increased viscosity less than 20%, which is the lowest viscosity increment caused when applying current heat pasteurization treatments of 60 °C/3.5min, reduced 1.5 and 0.6 Log10 of the population of E. coli and L. innocua, respectively. HHP lethality increased when applying treatments at 4 or 50 °C. However, the achieved Log10 reductions were not sufficient to assure the safety of LWE. The addition of 2% triethyl citrate (TC) resulted in a synergistic lethal effect when applying HHP at 20 or 4 °C and also reduced the heat resistance of E. coli and L. innocua. These facts enabled the design of combined processes based on the successive application of HHP at 20 °C (300 MPa/3min) and heat treatments of 52 °C/3.5min or 55 °C/2min in the presence of 2% TC, which achieved more than 5 Log10 reductions in the population of  E. coli and L. innocua in LWE, similar to lethality of heat ultrapasteurization treatment of LWE. The reduction on the intensity of the heat treatments when applying the designed treatments enabled to retain better physic-chemical and functional properties in LWE than with ultrapasteurization. These results indicate that the designed treatments could be promising combinations to achieve sufficient pathogenic microbial inactivation to guarantee the safety of LWE with a minimum impact on its quality properties.  [7]

4.4.  Kinetic Analysis of Escherichia coli Inactivation by High Hydrostatic Pressure in Broth and Foods

The purpose of this research was to investigate the HHP inactivation kinetics of E. coli at different media from 300 to 700MPa treatments. HHP  inactivation kinetics of Escherichia coli in broth, milk, peach juice and orange juice were evaluated at a pressure range from 300 to 700 MPa. E. coli inactivation followed first-order reaction kinetics. Decimal reduction times (D value) for E. coli were 3.94 and 1.35 at 400 and 600 MPa, respectively, in broth. D values were 3.19 and 1.66 min for aerobic bacteria (AB) and E. coli, respectively, in milk at 600MPa and 0.83 and 0.68 min, respectively, in orange juice. The k values were 0.7219 and 1.3904 min-1 for AB and E. coli, respectively, at 600MPa in milk. The pressure dependence of the bacteria inactivation rates can be described by ∆V and by a ‘‘pressure z value’’. HHP treatment is suitable for inactivation of AB and E. coli. Analysis of z values indicated that sensitivity of bacteria to pressure changes was different among tested media. The inactivation of bacteria under HHP treatment favors first-order kinetics. [8]

4.5.  
High Hydrostatic Pressure Effects on Mold Flora, Citrinin Mycotoxin, Hydroxytyrosol (HYD), Oleuropein (OLE) Phenolics and Antioxidant Activity of Black Table Olives

Table olive (Olea europaea L.) fruits are valuable commodity worldwide that are consumed as whole, stuffed or sliced and must be prepared using safe conditions based on the Codex Alimentarius and International Olive Oil Council (IOOC) directives. Table olives are rich sources of a wide range of essential micronutrients, essential fatty acids, biologically active phytochemicals containing polyphenols, many of which have purported health benefits.  However, it has been reported that table olives act a suitable substrate for the production of citrinin mycotoxin. [9]
Mycotoxin citrinin (CIT) is a toxic secondary metabolite, isolated from filamentous fungus Penicillium citrinum and is also produced by other species of Penicillium Aspergillus and Monascus. Due to antibacterial effects of citrinin, it was investigated as an antibiotic but relative toxicity studies showed that citrinin acting in animals as a nephrotoxin damaged the proximal tubules of the kidney and was implicated as a causative agent in human endemica Balkan nephropathy.

Phenolic compounds are one of the main secondary metabolites in olives and they represent 1–2% of fresh fruit. The most important classes of phenolic compounds in olive fruit include phenolic acids, phenolic alcohols, flavonoids and secoiridoids. Naturally black olives contain a high proportion of phenolic compounds including hydroxytyrosol (HYD) and oleuropein. One of the predominant secoiridoids of olive fruit pulp is OLE which is the main bitter component in the olive and shows antioxidant activity.
HYD is main phenolic alcohol in olive fruit and it can be found complexed to glucoside and acetate. Especially HYD is reported to be the significant antioxidant by acting as a free radical scavenger in olives that can help prevent ageing and could reduce the damaging effects of iron- and nitric oxide-induced cytotoxicity. 
With HHP application of olives, total mold was reduced to 90% at 25 °C whereas it was 100% at 4 °C based on Rose-Bengal Chloramphenicol Agar (RBCA). Total Aerobic-Mesofilic Bacteria load was reduced to 35–76% at 35±2 °C based on the Plate Count Agar (PCA). Citrinin load was reduced to 64–100% at 35±2 °C. 2.5; 10; 25; and 100 ppb of spiked citrinin in sample were degraded as %56; %37; %9; and %1.3, respectively. 2.5 ppb and less citrinin contamination in table olive were degraded more (56%). Total phenolics were increased to 2.1–2.5-fold after HHP (as mgGA/100 g). Hydroxytyrosol in olives increased on average 0.8–2.0- fold whereas oleuropein decreased on average 1–1.2-fold after HHP (as mg/kg dwt). Antioxidant activity values varied from 17.238 to 29.344mmol Fe2+ 100 g for control samples whereas 18.579–32.998 mmol Fe2+ 100 g for HHP-treated samples. HHP could be used in the olive industry as non-thermal preservation. [9]

4.6. High Hydrostatic Pressure Treatment of Beer and Wine                                                                                                                                       
The potential of HHP technology is huge in both beer and wine industries: Studies have shown that HHP treatment not only inactivates the undesirable microorganisms but also improves the organoleptic properties of beer and wine. The pressure levels used to treat beer and wine were similar to the commercial applications used in fruit juice industry i.e., 400–600 MPa. It should be noted that installation of an HHP equipment to a brewery or a winery would definitely bring an extra cost; however, the HHP-treated product would have a “fresh-like” taste and would most probably attract the consumers' attention. Although there is no sensory evaluation of HHP-treated beer in literature, in case of beer the negative effect of heat on the aroma and flavor beer could be eliminated by use of HHP. HHP-treated beer and untreated beer might have the similar taste. On the other hand, although SO2 can have negative effects on human health it acts as both an antimicrobial agent and an antioxidant in wine. Nevertheless, use of HHP could help the wine industry to reduce the levels of SO2 or HHP could be used in combination with other antimicrobial agents such as nisin.  [10] 

4.7.  Inactivation of Foodborne Pathogens in Raw Milk Using High Hydrostatic Pressure 
Over a century ago, hydrostatic pressure treatment was demonstrated an effective method to extend shelf life of milk and other foods products, and the first commercial HHP treated product appeared on the market in 1991 in Japan. Most studies showed HHP causes a number of changes in morphology, cell wall, thermotropic phase in cell membrane lipids, dissociation of ribosomes, biochemical reactions, and loss of genetic functions of themicroorganisms, these all are proposed as possible reasons and mechanisms that caused inactivation of microorganisms subjected to HHP. Salmonella, Escherichia coli, Shigella and Staphyloccocus aureus are significant foodborne pathogens and commonly found in raw milk. Interest in HHP application to milk pasteurization has recently increased. When milk is treated under HHP, not only the pathogens can be inactivated, but the quality characteristics, such as taste, flavour, vitamins, and nutrients can be improved. [11]
The inactivation rates differed among the three G- pathogens (Salmonella, E. coli, Shigella and S. aureus) under the same pressure and duration time treatment; for example, under 300 MPa for 10 min treatment, Shigella exhibited the highest inactivation rate (94.6%) while Salmonella had the lowest inactivation rate (93.1%) among the pathogens. When the samples were treated under 300 MPa for 20, 30, 40, or 50 min), the inactivation rate for Salmonella was the highest whereas S. aureus was the lowest. Inactivation rates of E. coli, Salmonella and Shigella were relative high in prophase (from 10 min to 20 min) under 300 MPa pressure treatment, although the inactivation rate of E. coli was lower than that of Salmonella and Shigella. The inactivation rate of the three pathogens decreased slowly when the duration time was increased from 30 min to 50 min, inactivation rate for Salmonella has no apparent change.
Different from the three G - pathogens, the inactivation rate of S. aureus increased slowly during the whole HHP treatment, almost all cells could be inactivated after 50 min treatment. Thus, 30 min was considered as a satisfactory duration time for HHP treatment.
The optimal condition for pathogens inactivation in milk by using of HHP was under 300 Mpa at 25°C with duration time of 30 min. Mechanisms for inactivation of pathogens are possibly due to cell membrane damage, cell wall rupture and chromosome DNA degradation.[11] 

4.8.  Characterisation of the Resistance and the Growth Variability of Listeria monocytogenes After High Hydrostatic Pressure Treatments
HHP involves the use of pressures of approximately 300-700 MPa for periods of approximately 30s to a few minutes to destroy pathogenic bacteria such as Listeria, Salmonella, Escherichia coli, and Vibrio and other bacteria, yeasts, and molds that cause foods to spoil. 
L. monocytogenes suspensions were subjected to different high pressure treatments, ranging between 350 and 450 MPa at a constant temperature of 25°C. L.monocytogenes suffered 2 log cfu/mL reductions when it was treated at 350 MPa for 3 min. A longer time applied resulted in significantly greater reductions, achieving approximately 7 log cfu/ mL after 16 min of treatment. The effect of increasing pressure from 350 to 450 MPa was significant only after short exposure times and no difference in the inactivation level achieved were found at the pressures tested after 6, 13 or 16 min of treatment. The effects of pH (5, 6 and 7) and sodium chloride concentration (0, 0.5 and 1.0) of the recovery medium were studied on L. monocytogenes. According to the results, in most cases there were differences in the range of 90-99% (between 1 and 2 log cfu/mL, indicating that 90-99% of survivors were sublethally injured). The maximum proportion of sublethally injured cells (99.99% of the survivors) was observed when L. monocytogenes was pressurized for 9 and 3 min at 400 and 450 MPa, respectively. No injury was observed for treatments at 350 MPa for 16, 20 and 23 min, where no significant differences between counts on selective and non selective media were observed.
HHP  treated cells of L. monocytogenes showed that surviving cells are damaged. This damage was evidenced by a delay and dispersion in the onset of growth when exposed to low pH values or high NaCl concentrations. This trend was better described by frequency distributions, rather than an average value. With this information, it is possible to simulate what would be the behaviour of the microorganism at a population level. This information can be valuable for risk assessment purposes when this technology is involved.   [12] 
4.9.
Effects of High Hydrostatic Pressure (HHP) on Sensory Characteristics of Yellow Passion Fruit juice
Yellow passion fruit is an ovoid shaped fruit much appreciated for its unique exotic flavor and yellow to reddishorange color due to the presence of carotenoids. Its pulp has an intense acid flavor and water and sugar are usually added to obtain a palatable juice. Despite being marketed worldwide, only few studies regarding the sensory properties of this fruit have been reported in the literature. HPP of fruit and vegetable products offers the chance of producing food of high quality, greater safety and increased shelf-life. The main requirement that this new technology must meet is to ensure product microbial safety while preserving sensory and nutritional characteristics to obtain products more similar to fresh foods. HPP can enable ready to drink juice processors to produce innovative products with fresh-like, natural-like attributes and natural-looking colors which are all aspects valued by consumers nowaday.
In order to meet these demands stated by consumers worldwide, the evaluation of yellow passion fruit juice sensory quality is essential. It can be carried out using conventional profiling techniques, such as quantitative descriptive analysis (QDA). QDA involves discrimination and description of both the qualitative and quantitative sensory components of a product by trained panels of judges. The qualitative aspects include appearance, aroma, flavor, texture, after taste and sound properties of a product which distinguish it from others. By using QDA, trained panelists identify, characterize and quantify the sensory properties of food.                                                   
Results of this study allow one to conclude that samples were well characterized in terms of their sensory properties, demonstrating that the trained panel was able to discriminate pressurized (HHP) and in natura (NAT) yellow passion fruit juices from commercial thermally treated ones for most of the sensory attributes evaluated using the QDA procedures. This suggests that QDA was an adequate tool to describe and quantify yellow passion fruit juice sensory attributes. Taking into account the majority of sensory attributes, analysis of data through QDA and principal components analysis (PCA) have shown high similarity between pressurized (HHP) and in natura (NAT yellow passion fruit juices, indicating that HHP treatment (300 MPa/5 min/25 °C) caused no significant modifications in compounds responsible for the yellow passion fruit juice aroma, flavor and consistency. 
QDA and principal components analysis (PCA) results revealed high similarity among juice sensory attributes from in natura and pressurized samples both differing from commercial ones. Results suggest that HHP may be successfully used to preserve yellow passion fruit pulp, yielding a ready to drink juice with improved sensory quality. [13] 
4.10. 
Comparative Study of Quality of Cloudy Pomegranate Juice Treated by High Hydrostatic Pressure and High Temperature Short Time
Inactivation of microorganisms and its kinetic model of high hydrostatic pressure (HHP) processing of cloudy pomegranate juice at different pressures (300 and 400 MPa) and different treatment times (2.5, 5, 10, 15, 20, 25 min) were studied. Besides, HHP (400 MPa/5 min) and high temperature short time (HTST) (110 °C/8.6 s) treatment were comparatively evaluated by examining their impacts on microorganisms, pH, total soluble solids (TSS), titratable acidity (TA), color, total phenols, anthocyanins, antioxidant capacity and shelf-life characteristics of 90 days at 4°C. The inactivation effect of microorganisms by HHP fitted Weibull model well and HHP at 400 MPa/5 min inactivated microorganisms effectively. The microbial safety was ensured in HHP-treated and HTST-treated sample. A greater retention of the original color, anthocyanins and antioxidant capacity and increased total phenols were observed in HHP-treated samples immediately after processing. During storage, color changed and anthocyanins content, total phenols and the antioxidant activity decreased, where the changes depended on the applied treatments. The pH, TSS and TA did not show significant change immediately after HHP or HTST treatment and during storage.   [14]
4.11.  
Effect of High Hydrostatic Pressure on Cashew Apple (Anacardium occidentale L.) Juice Preservation

The consumer demand for fresh, safe, and high-quality fruit juices is increasing. However, such products are susceptible to spoilage, thus having limited shelf life. To extend the shelf life, commercial fruit juices are generally pasteurized and may contain preservatives. Thermal processing has a negative effect on the juice sensory and nutritional characteristics as the compounds responsible for aroma and flavor are volatile and some vitamins are thermosensitive. Since E. coli is considered to be an indicator of contamination of fecal origin and/or inefficient cleaning practices, efficient inactivation of this microorganism is a primary requirement for HHP processes for the production of safe fruit juices. [15]
Samples of juice were exposed to 250, 350, and 400 MPa for 3 or 7 min. After being processed, the bags were removed, cooled in an ice bath for 10 min, and the samples were used for analysis of aerobic mesophilic bacteria, yeast and filamentous fungi, and lactic acid bacteria. Untreated (nonpressurized) juice was used as a control. The results demonstrated that HHP was effective in the inactivation of the natural micro population and inoculated E. coli in cashew apple juice and that the pressure-treated juice showed microbiological stability during 8-wk storage under refrigeration. These results demonstrate that HHP has the potential to be applied in industrial processing of cashew apple juice, thus contributing to reduce the waste of this product.   [15]
4.12. 
The Application of High Hydrostatic Pressure for the Stabilization of Functional foods: Pomegranate juice

Pomegranate juice represents one of the foods recently promoted for its health benefits. For instance, a glass of pomegranate juice contains about 40% of the Recommended Daily Allowance (RDA) of Vitamin C. It also contains Vitamin A, Vitamin E and folic acid in reasonable quantities. Furthermore, pomegranate juice is an important source of anthocyanins, such as 3-glucosides and 3,5-diglucosides of delphinidin, cyanidin, and pelargonidin. Moreover, several studies have highlighted the antioxidant and antitumoral activity of pomegranate tannins (punicacortein) and the antioxidant activity of the fermented pomegranate juice.
Unfavorably, the bioactive compounds are quickly affected by exogenic factors such as oxygen, light, and especially pH and temperature. Therefore, there is a real need to minimize the degradation of the functional molecules during the pasteurization process and storage time of the pomegranate juice, in order to secure an optimal sensorial and nutritional quality. HHP has the potential to produce high-quality foods that display characteristics of fresh products, are microbiologically safe and have an extended shelf life. [16]
A 100% pomegranate juice was selected for the experiments, due to its high bioactive compounds content. The operating pressure, temperature and holding times at the pressure set point were changed over a wide range, with the aim of optimizing the processing condition in order to assure the microbiological stability of the processed juice as well as preserve the natural content of the functional compounds. The experiments clearly demonstrate that the high pressure treatment at room temperature improves the quality of pomegranate juice, increasing the intensity of red color of the fresh juice and preserving the content of natural anthocyanins. The residual activity of some enzymes at the end of high pressure processing, independently on the processing conditions, such as the polyphenoloxidase (PPO), causes the degradation of the nutraceutical compounds as observed in particular processing conditions, thus suggesting that the optimal combination of the processing parameters should take into account the degradation of the anthocyanins as well as the enzymatic activity.   [16]
4.13. 
Synergistic Combinations of High Hydrostatic Pressure and Essential Oils or Their Constituents and Their Use In Preservation of Fruit Juices
The objectives of this work were (i) to determine the inactivation of E. coli O157:H7 and L.monocytogenes by combined treatments of HHP and Essential Oils (EOs) or  Chemical Constituents (CCs) in buffer of pH 4.0 and 7.0, and (ii) to study the combination of HHP with selected compounds for the preservation of apple and orange juices. To accomplish these objectives, nine EOs with previously studied chemical composition and antibacterial properties and 13 of the main CCs constituting those EOs were used.
Combinations of 200 μL/L of several EOs and CCs with HHP were tested for their effectiveness in the inactivation of E. coli O157:H7 and L. monocytogenes (initial concentration: 3.107 cfu/mL) in buffers of pH 4.0 and 7.0. Some compounds, such as (+)-limonene, carvacrol, C. reticulata L. EO, T. algeriensis L. EO or C. sinensis L. EO inactivated about 4–5 log10 cycles of the initial population at all the assayed conditions, showing an important synergistic effect when compared to each hurdle acting alone. In apple and orange juices, combined treatments of HHP (300 MPa for 20 min) with C. sinensis L. or C. reticulata L. EOs reached 1.5–2 extra log10 cycles of E. coli O157:H7 inactivation in apple juice and 2.5 extra log10 cycles in orange juice, and increasing the pressure up to 400 MPa achieved the same extra number of inactivation log10 cycles in each juice. The combination of HHP (300 MPa for 20 min) with 200 μL/L of (+)-limonene in orange or apple juice achieved a 5-log10 reduction in the initial E. coli O157: H7 concentration, and this outstanding synergistic effect was related to the occurrence of sublethally injured cells after HHP processing. Furthermore, reduction of this (+)-limonene concentration to 150 μL/L for inactivation of E. coli O157:H7 was possible when considering an initial contamination level of E. coli O157:H7 of 3.104 cfu/mL. The obtained decrease in the pressure intensity of the HHP treatment applied when adding these compounds would result in lower operating costs and lengthening of the life of the equipment.  [17]
5. Results and Conclusions  
It is known that high hydrostatic pressure technology has become a reality in food industry and commercial use of HHP has been accepted in many countries. Nowadays, there are a lot of products treated by HHP and a great interest to buy them because of the overall quality.

HHP technique is useful for the inactivation of Staphylococcus aureus [6,11], E.coli [7, 8, 11, 15,17], Salmonella [7, 11], Listeria innocua [7], Shigella [11], Listeria monocytogenes [12, 17], Penicillium citrinum [9]; lycopene stability [5]; improvement of orgonoleptic properties and sensory properties [10, 13]; microbial food safety and stability [3,15]; food quality [3]; and increased shelf life by preventing nutritional loss.
6. 
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