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 A B S T R A C T  
 
 
The quality and safety of food products are the two factors that most influence the choices made by today’s increasingly demanding consumers. 
Conventional food sterilization and preservation methods often result in a number of undesired changes in foods, such as loss of smell, colour, 
flavour, texture and nutritional value – in short, a reduction in the apparent freshness and quality of the final product. High-pressure (HP) 
processing, also sometimes known as high hydro- static pressure (HHP), or ultra high pressure (UHP) processing, is a relatively new non-
thermal food processing method that subjects liquid or solid foods, with or without packaging, to pres- sures between 50 and 1000 MPa. Extensive 
investigations have revealed the potential benefits of high pressure processing as an alternative to heat treatments. These benefits are apparent 
in various areas of food processing, such as the inactivation of microorganisms and enzymes, denaturation and alteration of the functionality of 
proteins and structural changes to food materials. 
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INTRODUCTION 

Food processing involves the transformation of raw animal or plant materials into consumer-ready products, with the objective of 

stabilizing food products by preventing or reducing negative changes in quality. Without these processes, we would neither be 
able to store food from time of plenty to time of need nor to transport food over long distances (Lund, 2003). 

To consumers, the most important attributes of a food product are its sensory charac- teristics (e.g. texture, flavour, aroma, shape 
and colour). These determine an individ- ual’s preference for specific products and minor differences between brands of similar 

products can have a substantial influence on acceptability. A goal of food manufacturers is to develop and employ processing 

technologies that retain or create desirable sensory qualities or reduce undesirable changes in food due to processing. 
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Physical (e.g. heating, freezing, dehydration, and packaging) and chemical (e.g. reduction of pH or use of preservatives) 
preservation methods continue to be used extensively and technological advances to improve the efficiency and effectiveness 

of these processes are being made at a rapid rate. The basis of these traditional methods involves reducing microbial growth 

and metabolism to prevent undesirable chemical changes in food. Probably the most common method of food preservation 
used today is thermal treatment (e.g. pasteurization, sterilization). Although heating food effect- ively reduces levels of 

microorganisms such as bacteria, such processing can alter the natural taste and flavour of food and destroy vitamins. 

Therefore, alternative or novel food processing technologies are being explored and implemented to provide safe, fresher-

tasting, nutritive foods without the use of heat or chemical preservatives. Innovative non-thermal processes for preservation of 

food have attracted the attention of many food manufacturers. In the search for new pro- cessing methods, particularly for 
certain products, the application of high-pressure (HP) processing has shown considerable potential as an alternative 

technology to heat treatments, in terms of assuring safety and quality attributes in minimally-processed food products (Palou 

et al., 2002).  

Description of the process 

Industrial HP treatment is currently a batch or semi-continuous process. The selec- tion of equipment depends on the kind of 

food product to be processed. Solid food products or foods with large solid particles can only be treated in a batch mode. Liquids, 
slurries and other pumpable products have the additional option of semi-continuous production (Ting and Marshall, 2002). 

Currently, most HP machines in industrial use for food processing are batch systems, whereby the product is placed in a high- 

pressure chamber and the vessel is closed, filled with pressure-transmitting medium and pressurized either by pumping medium 
into the vessel or by reducing the volume of the pressure chamber, for example by using a piston. If water is used as the 

pressurizing medium, its compressibility must be accounted for; water is compressed by up to 15 per cent of volume at 

pressures above 600 MPa. Once the desired pressure is reached, the pump or piston is stopped, the valves are closed and the 
pressure is main- tained without further energy input. After the required hold time has elapsed, the system is depressurized, the 

vessel opened and the product unloaded. The system is then reloaded with product, either by operators or machines, 

depending on the degree of automation possible (Ting and Marshall, 2002). The total time for pressurization, holding and 
depressurization is referred to as the ‘cycle time’. The cycle time and the loading factor (i.e. the percentage of the vessel 

volume actually used for holding packaged product, primarily a factor of package shape) determines the throughput of the 

system. In a commercial situation, with this sort of batch process, a short holding time under pressure is desirable in order to 
maximize throughput of product. 

 

Packaging requirement 

HP processing requires airtight packages that can withstand a change in volume cor- responding to the compressibility of the 
product (Hugas et al., 2002), as foods decrease in volume as a function of the pressure applied, while an equal expansion 

occurs on decompression. For this reason, the packaging used for HP treated foods must be able to accommodate up to a 15 

per cent reduction in volume and return to its original vol- ume without loss of seal integrity or barrier properties. Therefore, 

selection of pack- aging materials is very important. Plastic films are generally accepted for HP processing, although they are 
frequently not suitable for high temperature processing. On the other hand, metal cans and glassware are generally not 

suitable for HP treat- ment. Packaging materials which are oxygen-impermeable and opaque to light may be developed 

especially for keeping fresh colour and flavour of certain HP-treated foods (Hayashi, 1995). 
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In production, the use of flexible pouches can achieve high packing ratios; the use of semi-rigid trays is also possible; vacuum-
packed products are ideally suited for HP. Since the size and shape of the product will have major effects on the stacking effect- 

iveness of the product carrier, they must be optimized for the most cost-effective process; it is obviously uneconomical to treat 

empty space. Glass bottles or gable car- tons can be used for HP-processed foods if filling is performed after exposure to pres- 
sure. This further allows innovative package shapes and printing graphics (Ting and Marshall, 2002). 

 
Use of high pressure to improve food safety and stability 

The effectiveness of any food preservation technique is primarily evaluated on the basis of its ability to eradicate pathogenic 
microorganisms present and so to enhance the product’s safety; a secondary objective is inactivation of spoilage microorganisms 

to improve the shelf-life of the food (McClements et al., 2001). Growth of micro- organisms in foods can cause spoilage by 
producing unacceptable changes in taste, odour, appearance and texture. Microorganisms are a heterogeneous group of 

organisms, different members of which are capable of growth at temperatures from well below freezing (extreme psy- 

chrophiles) to temperatures above 100°C (extreme thermophiles). However, each species has a particular temperature range in 
which it can grow best; this range is determined largely by the influence of temperature on cell membranes and enzymes, and 

growth is restricted to those temperatures at which cellular enzymes and membranes can function. As with heat, large 

differences in pressure resistance can be apparent among various strains of the same species. 

HP treatment is also known to cause sublethal injury to microbes, which is a par- ticularly important consideration for any 

preservation method. Given favourable conditions, such as prolonged storage in a suitable substrate, sublethally injured cells 

may be able to recover (McClements et al., 2001). On the other hand, cell death is associated with irreversible damage to 

cell components essential for cell growth and reproduction. 

High Pressure Regulations 

Today, in most countries, food safety is tightly controlled by regulation and is a sine qua non. While many of the factors and 

microorganisms that can present hazards to the con- sumer are known and have been intensively studied, new and emerging 
pathogens not previously regarded as problematic continue to be identified. As already discussed, processors must also 

increasingly balance the need for assurance of food safety against consumer demand for minimally-processed products. For these 

reasons, emerging tech- nologie such as HP are of considerable interest and potential benefit to the food industry. However, before 
the implementation of new preservation technologies, several issues need to be addressed, such as the mechanisms of 

microbial resistance and adapta- tion to these new technologies, the mechanisms of microbial and enzyme inactivation, the 

identification of the most resistant and relevant microorganisms in every food habi- tat, the role of bacterial stress, the robustness of 
the technologies, the increased safety rela- tive to existing technologies and, last but not least, the legislation needed to implement 

them (Hugas et al., 2002). 

All new pressure vessels to be used in the EU have to comply with the ‘Pressure Equipment Directive’ (PED) regulation, 
which came into force in 2002. This regulation is an extension of the ‘CE’ safety standard already employed in the EU and now 

rec- ognized world-wide. As pressure vessels of all types utilize potentially hazardous energy, the PED regulation seeks to identify 

good design, good manufacturing practices and detailed safety assessment for safe operation and maintenance of the vessels 
and auxiliary parts. 

Applications of high pressure 
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Water has many physical and chemical properties that are significantly affected by pres- sure (Otero et al., 2002). Pressure 
opposes reactions associated with volume increase, such as freezing of water at atmospheric pressure. This forms the basis 

of a new field of HP food applications, such as high-pressure freezing, thawing and storage of food at temperatures below 0°C 

without freezing. Recently, the effect of pressure on the water–ice equilibrium has attracted the attention of many food 
technologists and engineers studying the freezing and thawing of foods. This area was reviewed in detail in Denys et al. 

(2002). 

High pressure freezing applications 

Freezing has long been established as an excellent method for preserving food products, with the potential to allow high retention 

of food quality over long storage periods. Generally, freezing preserves the taste, texture and nutritional value of foods better 

than any other preservation method; as a result, ever-increasing quantities of food are being frozen throughout the world. The 
main potential disadvantage of freezing foods is the risk of damage caused by the formation of ice crystals; the formation of ice 

crystals mechanically damages cell struc- tures in tissue-derived food products (e.g. fruit, vegetables, meat) by puncturing cell 

walls and distorts the tissue structure, as well as inducing protein denaturation. The size and location of ice crystals formed during 
freezing depend on the rate of freezing and the final temperature of the process and affect important quality parameters such as 

tex- ture and colour of the frozen products and exudation of moisture (drip loss) on thawing (Martino et al., 1998). 

It is well-known that a fast freezing rate results in a fine ice structure, with intensive nucleation and the formation of high 
numbers of small ice crystals, which causes less damage to the structure of the product than slow freezing rates that favour the 

formation of large ice crystals; rapid freezing of food is thus preferred (Thiebaud et al., 2002). In the past few years, HP 

processes in which phase transitions take place, such as pres- sure shift freezing (PSF), have attracted the attention of many 

researchers. 

In traditional freezing processes (such as air blast, plate contact or cryogenic systems), when food comes into contact with the 

refrigerating medium, ice nucleation occurs in the region next to the refrigerated border and is controlled by the magnitude of 

super- cooling reached in this zone. Supercooling (the difference between the actual tempera- ture of the sample and the 
expected solid–liquid equilibrium temperature at a given pressure) is the driving force for ice nucleation and is an important 

parameter that con- trols the size and number of ice crystals formed (Chevalier et al., 2000). Burke et al. (1975) stated that, for 

each degree K of supercooling, there is an increase of about ten- fold in the ice nucleation rate. The thermal gradient existing 
between an interior point in a food product and the surface determines to a great extent the local cooling/freezing rate of the 

sample. The freezing rate decreases towards the centre of the product and is particularly important in large volume products 

(Sanz et al., 1999). In inner regions of products being frozen, because of the thermal gradients, supercooling to produce ice 
nucleation may not be achieved, resulting in the growth of undesirably large ice crystals.  

The principle of pressure shift freezing (PSF) involves reducing the temperature of a food sample, held in an HP vessel whose 
temperature is regulated at sub-zero tempera- tures, to below 0°C under pressure. The food sample is typically cooled to —
20°C at 200 MPa, at which pressure the water remains in a liquid state. The vessel is then depressurized, the pressure rapidly 

returns to atmospheric pressure and the sample undergoes a sudden temperature rise to the phase change temperature at 

the current pressure; partial freezing is initiated during this phase due to high supercooling of the sample. The temperature 
increases according to the temperature–pressure equilibrium relationship of liquid water and ice I (Chevalier et al., 2000). Sanz et 

al. (1997) showed that the ratio of ice:water can reach 0.36 for a sample of pure water at the end of the pressure release step, 
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indicating that only partial freezing can be obtained during PSF. Freezing must thereafter be completed at atmospheric 
pressure. 

High pressure thawing 

Thawing generally occurs more slowly than freezing, potentially allowing further damage to food products. Therefore, the 
thawing of frozen food products is a particu- larly important stage of the handling of frozen food products, in particular in terms 

of minimizing the amount of proteinaceous exudate (drip) lost from many food products (e.g. meat, fish) on thawing. The loss of 

such fluid generally reduces the eating quality, binding ability and weight of food, all factors contributing to its quality and value. 
The volume of drip produced on thawing has been shown to be closely related to the rate of freezing (Kalichevsky et al., 1995), 

which in turn is related to the size and location of ice crystals in frozen foods (Chevalier et al., 2000). To prevent microbial growth, 

the temperature for this stage should be less than 4°C; under such conditions, thawing times are very long, and processes to 
reduce this time are consequently of great interest. Recently, a promising route involving, once again, the effect of pressure on 

the melt- ing point of water, has been identified. This HP method permits not only control of the thawing time, but also control of 

the ice front propagation dynamics, which presents significant advantages for maintaining food quality. 

When HP treating a frozen sample to induce thawing (‘high-pressure thawing’), the transition to the non-frozen state occurs at a 

high pressure and an introduction of a pressure-related latent heat seems necessary (Denys et al., 2000). Preliminary studies 

have revealed that thawing under HP preserves food quality and reduces thawing times (Denys et al., 2000). Knorr et al. (1998) 
and Otero and Sanz (2003) distinguished between processes of pressure-assisted and pressure-induced thawing. In the 

former, the phase transition (ice to water) occurs at constant pressure by increasing the temperature, while in the latter the phase 

change is initiated by a pressure change and proceeds at constant pressure. 

Outlook for high pressure processing of food 

Consumers are changing their food consumption and purchasing behaviour; premium product sales, restaurant spending and 

ready-to-eat food spending are all increasing world-wide, as are health- and nutrition-driven product sales. New technologies such 

as HP can allow producers to create new markets not possible with old technologies and such benefits are only now being 
exploited. Consumers are generally willing to pay more for greater perceived value (Ting and Marshall, 2002). Adoption of new 

technologies for food preservation and processing is traditionally a slow process. However, the food industry is today seeking new 

technologies to enhance the safety, nutritional quality and sensory quality of food products. In the near future, the range of new non-
thermal technologies will very likely complement current technolo- gies, or even replace them for certain food products. 

 

The commercial feasibility of any technology depends ultimately on business prof- itability. The production cost of a process must, 
of course, be lower than the value added to the product. The value added by HP can be measured in terms of higher product 

quality, increased safety and longer shelf-life. These issues can further translate into reduced transportation, storage, 

insurance and labour costs, consumer convenience and enhanced safety. Fundamentally, the strategy for superior products is 
based on a higher perceived added value rather than on absolute cost (Ting and Marshall, 2002). The use of HP as a possible 

alternative processing method to thermal treatment has brought about the need to study the pressure–temperature behaviour of 

macromolecu-lar food ingredients since, for example, the mechanisms of protein denaturation under pressure are far from fully 
understood. It is well known that HP can modify the activity of some enzymes and the structure of some proteins. Although 

covalent bonds are not affected, hydrogen bonds as well as hydrophobic and intermolecular interactions may be modified or 



Kumar et al.(A Review on High Pressure Processing of Food) 

J. Postharvest Technol., 2019, 7(3): 115-121  120 

  

destroyed. From this perspective, some concern about the potential risks of HP may arise. It is necessary to compile data in order 
to clarify the role of HP towards toxicity, allergenicity, loss of digestibility and the eating and nutritional quality of foods (Hugas et al., 

2002). However, no studies to date have revealed any evidence that this could pose a problem for HPP. 

CONCLUSION 

The application of any new technology presents significant challenges to food tech- nologists and food researchers. HP 

processing offers the food industry a technology that can achieve the food safety of heat pasteurization while meeting consumer 
demand for fresher-tasting minimally-processed foods. In addition, other favourable organolep- tic, nutritional and rheological 

properties of foods have been demonstrated following HP, in comparison to heat processing. The retention of colour and aroma and 

the preservation of nutritive components are enormous benefits to both the food processing industry and consumers. Also, from 
a food processing/engineering perspective, key advantages of high-pressure applications to food systems are the independence of 

size and geometry of the sample during processing, possibilities for low temperature treatment and the availability of a waste-

free, environmentally-friendly technology. Application of HP can inactivate microorganisms and enzymes and modify structures, while 
having little or no effects on nutritional and sensory quality aspects of foods. HP food processing is today being used on an 

ever-increasing commercial basis. Opportunities clearly exist for innovative applications and new food product develop- ment. 

HP can affect the functionality of protein and carbohydrate molecules in often unique ways, which may allow the optimization of 
food manufacturing processes and the production of novel foods. The range of commercially-available HP-processed products is 

relatively small at present but there are opportunities for further development and the production of a wide range of HP-treated 

products. The main drawbacks of pressure treatment of solid foods are the use of batch or semi- continuous (the latter for liquids 

only) processing and the high cost of pressure vessels. HP is an environmentally-friendly, industrially-tested technology that 
offers a natural alternative for the processing of a wide range of different food products. This method prolongs product shelf-life 

while at the same time preserving organoleptic qualities, by inactivating microorganisms and enzymes while leaving small 

molecules such as flavours and vitamins intact. It is a technology with many obvious advantages, especially for food products with a 
high added value, targeted at a growing group of consumers that demand maximum safety and quality in the products they 

purchase. 

 

REFERENCES 

Burke, M.J., George, M.F. and Bryant, R.G. 1975. Water relations of foods. Food Science and Technology Monographs, 1: 
111–135 

Chevalier, D., Sentissi, M., Havet M. and Lebail, A. 2000. Comparison of air-blast and pressure shift freezing on Norway lobster 
quality. Journal of Food Science, 65 (2): 329–333 

Denys, S., Schlüter, O., Hendrickx, M.E.G. and Knorr. D. 2002. EFFECTS OF HIGH PRESSURE ON WATER–ICE TRANSITIONS 
IN FOODS. IN ULTRA HIGH Pressure Treatments of Foods (Hendrickx MEG, Knorr D, eds). New York: Kluwer 
Academic/Plenum Publishers, pp. 215–248 

Denys, S., Van, L.A.M. and Hendrickx, M.E. 2000. Modelling conductive heat transfer during high-pressure thawing processes: 
determination of latent heat as a function of pressure. Biotechnology Progress, 16 (3): 447–455 

Hayashi, R. 1995. Advances in high pressure food processing technology in Japan. In Food Processing: Recent 
Developments, (Gaonkar AG, ed.), Amsterdam, Elsevier, pp. 185–195 



Kumar et al.(A Review on High Pressure Processing of Food) 

J. Postharvest Technol., 2019, 7(3): 115-121  121 

  

Hugas, M., Garriga, M. and Monfort, J.M. 2002. New mild technologies in meat processing: high pressure as a model technology. 
Meat Science, 62: 359–371 

Kalichevsky, M.T., Knorr, D. and Lillford, P.J. 1995. Potential food applications of high- pressure effects on ice-water 
transitions. Trends in Food Science & Technology, 6: 253–258 

Knorr, D., Schleuter. O. and Heinz, V. 1998. Impact of high hydrostatic pressure on phase tran- sitions of foods. Food 
Technology, 52 (9): 42–45 

Lund, D. 2003. Predicting the impact of food processing on food constituents. Journal of Food Engineering, 56: 113–117 

Martino, M.N., Otero, L., Sanz, P.D. and Zaritzky, N.E. 1998. Size and location of ice crystals in pork frozen by high-pressure-
assisted freezing as compared to classical methods. Meat Science, 50 (3): 303–313 

Mcclements, J.M.J., Patterson, M.F. and Linton, M. 2001. The effect of growth stage and growth temperature on high 
hydrostatic pressure inactivation of some psychrotrophic bac- teria in milk. Journal of Food Protection, 64 (4): 514–
522. 

Otero, L. and Sanz, P.D. 2003. Modelling heat transfer in high pressure food processing: A review. Innovative Food Science 
and Emerging Technologies, 4 (2): 121–134 

Otero, L., Molina-Garcia, A.D. and Sanz. P. 2002. Some interrelated thermophysical properties of liquid water and ice I. A 
user-friendly modelling review for food high-pressure processing. Critical Reviews in Food Science and Nutrition, 42 
(4): 339–352 

Palou, E., Lopez-Malo, A. and Welti-Chanes, J. 2002. Innovative fruit preservation using high pressure. In Engineering and 
Food for the 21st Century (Welti-Chanes J, Barbosa- Canovas GV, Aguilera JM, eds). Food Preservation 
Technology Series, Boca Raton: CRC Press, Ch 43, pp. 715–726 

Sanz, P.D., Deelvira, C., Martino, M., Zaritzky, N. and Otero L Carrasco, J.A. 1999. Freezing rate simulation as an aid to reducing 
crystallisation damage in foods. Meat Science, 52: 275–278 

Sanz, P.D,, Otero, L., De-Elvira, C. and Carrasco, J.A. 1997. Freezing processes in high-pressure domains. International 
Journal of Refrigeration, 20 (5): 301–307 

Thiebaud, M., Dumay, E.M. and Cheftel, J.C. 2002. Pressure-shift freezing of o/w emulsions: Influence of fructose and sodium 
alginate on undercooling, nucleation, freezing kinetics and ice crystal size distribution. Food Hydrocolloids, 16: 527–
545 

Ting, E.Y. and Marshall, R.G. 2002. Production issues related to UHP food. In Engineering and Food for the 21st Century (Welti-
Chanes J, BARBOSA-CANOVAS GV, AGUILERA JM, EDS). Food Preservation Technology Series, Boca Raton: 
CRC Press, Ch 44, pp. 727–738 

 

 

  

 

 

 

© The Author(s) 

This is an  Open Access article licensed under a Creative Commons license: 
Attribution 4.0 International (CC-BY).  
 


