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Abstract

Consumers have a growing preference for convenient, fresh-like, healthy, minimal-processed food products with natural
flavor and taste and extended shelf-live. High pressure processing (HPP) is a promising “non-thermal” technique for
food preservation that efficiently inactivates the vegetative microorganisms, most commonly related to food-borne
diseases allowing most foods to be preserved with minimal effect on taste, texture or nutritional characteristics. The
main advantage of high pressure processing compared to thermal sterilization and pasteurization is maintenance of
sensory and nutritional characteristic of treated food products. HPP provides a means for retaining food quality while
avoiding the need for excessive thermal treatments or chemical preservation. High-pressure processing provides a
unique opportunity for food processors to develop a new generation of valueadded food products having superior quality
and shelf-life to those produced conventionally.
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Introduction
High-pressure Technology (HPT),  also  described  as  high  hydrostatic  pressure  (HHP)  or  ultra  high
pressure (UHP) processing, subjects liquid and solid foods, with or without packaging, to pressures between
100 and 800 MPa process temperature  during  pressure  treatment  can  be  specified  from  below 00C to
above 1000C. Commercial exposure times at pressure can range from millisecond pulse (obtained by
oscillating pump) to a treatment time of our 1200 seconds (20 minutes) In 1895, the use of high-pressure
treatment is to kill bacteria. A few years later, Kimura K et al. reported that pressures of 450 Pa or more could
improve the keeping quality of milkHigh pressure Technology (HPT) is gaining popularity with food
processors not only because of its food preservation capacity but also  because of its potential to achieve
interesting function effects . Highpressure processed foods currently available in Japan include a range  of
jams that taste like fresh fruit, sauces, salad dressings, ready-to-eat desserts and grapefruit and mandarin juice
with ‘just squeezed’ fresh  flower. Pressure used in the HPT of foods appear to have little effect on covalent
bonds thus  food  subjected  to  HPT  at  or   near  room  temperature will not undergo significant chemical
transformations due to the increased demand by consumers for improved nutritional and sensory
characteritistics of food without loss of fresh taste..

Principle/ Mechanism
Any  phenomenon  in  equilibrium  (chemical  reaction,  Phase transition, change  in  molecular
configuration)  accompanied  by  a decrease in volume, can be enhanced by pressure. Thus HPT affects  any
phenomenon  in  food  systems  where  volume  change  is  involved  and favors phenomena, which results in
a volume decrease. The HPT  affects  non-covalent  bonds  (Hydrogen,  Comic,  Hydrophobic  bonds)
substantially as some non-covalent bonds are very sensitive to pressure,  which means that low molecular
weight food components (responsible  for  nutritional  and  sensory characteristics)  are  not  affected,
whereas  high  molecular  weight  components  (whose  tertiary  structure  is  important for functionality
determination) are sensitive. Some specific  covalent bonds are also modified by pressure.
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High  pressure  technology  acts  instantaneously  and  uniformly throughout  a  mass  of  food  independent
of  size,  shape  and  food  composition.  Compression  will  uniformly  increase  the  temperature of  foods
approximately  30C  per  100  MPa.  The  temperature of  homogenous  food  will  increase  uniformly  due
to  compression.  An  increase in food temperature above room temperature and to a lesser extent a decrease
below room temperature increases the inactivation rate  of  microorganisms  during  HPT  treatment.
Temperatures  in  the range of 450C to 500C appear to increase the rate of inactivation of food pathogens  and
spoilage  microbes.  Temperatures  ranging  from  900C -1100C in conjunction with pressure 500-700 MPa
have been used to inactivate spore forming bacteria such as Clostridium botulinum

Techniques and equipment
High-pressure technology of foods in similar to conventional heat processing, using two  main  types  of
industrial  equipment.  One is a batch system for processing packed foods. A typical high pressure system
consists  of  a  pressure  vessel  and  pressure  generating  device. Food packages are loaded into the vessel
and to top closed. The pressure  medium,  usually  water  containing  a  small  amount  of  soluble  oil,  is
pumped into the vessel from the bottom. Once the desired pressure can be maintained without further need for
energy input. The process is isostatic, so pressure is transmitted rapidly and uniformly throughout both the
pressure medium and the food with little or no heating. It is equal from all sides so there is no ‘squashing’
effect and product is not affected.Pressure in the range of 300, 700 MPa are used for foods (500 MPa is
equivalent to 20 family cars bearing down on an area the size of postage stamp). These pressures, maintained
for approximately 15 minutes, can cause more than a 10,000 fold reduction in numbers of food poisoning
bacteria such as Salmonella,  Compylobacter and Listeria in  milk  and poultry meat

Meat industry
Researchers  have  studied the  application  of  HPT  in  the  meat industry using several combinations of
pressure, time and temperature (Table ).The  high  pressure  inactivates Citrobacterfreudii,  Pseudomonas
fluoresecens,  and  Listeria  innocua were  completely  inactivated at pressures more than 280,200 and 400
MPa, respectively at 200C. They also noticed a paler color in samples of minced beef treated at pressures
more than 150 MPa, and grayishcolor in samples at pressures more than 350 MPa. Total inhibition of
microorganisms occurred at 400-500 MPa. However,pseudomonasspp.was detected after 3-9 days at 30C,
which means that they were not fully inactivated but stressed during HPT.  Therefore,  HPT  should  be
coupled  with  some  other  treatment (e.g, moderate temperature of 500C) to eliminate viable pseudomonas
spp.The  effects  of  HPT  on  color  and  myoglobin  content  of  minced beef samples packaged under
vacuum, air or oxygen. They noticed a pink color of meat treated at 200-350 MPa (increase in lightness, color
values)  which  turned  Grey  brown  at  400-500  MPa  (a  decrease  in  L values). They suggested that meat
discoloration during HPT is due to whiteningeffect of 200-300 MPa, caused by globin denaturation,
heamdisplacement  or  release  or  oxidation  of  ferrous  myoglobin  to  ferric myoglobin at 400 MPa.

Fruits and vegetables
HPT does not depreciate the nutritional and sensory characteristics of  food,  and  yet  it  maintains  the  shelf
life  (Table )  .  As compared  the effect  of  HPT  with  water blanching  on  the  microbial safety, quality
(softness), and functionality (poly phenol oxidase (PPO) activity,  leaching  of  potassium,  and  loss  of
ascorbic  acid)  of  potato cubs. Total inactivation of microbes and PPO activity occurred at 200C (using dilute
citric acid solution at 0.5 at 1.0 % as immersion medium). Water-balanced  and  high  pressure-treated  potato
cubes  had  similar softness  but  potassium  leaching  was  reduced  by  20  %  in  addition, ascorbic acid was
better retained (90% at 50C to 35% at 500C) in high pressure treated vacuum packaged samples.
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Food Protein
Protein denaturation
Application of high pressure denatures proteindepending on protein type, processing conditions,and applied
pressure. The high pressure makes peptide bonds of the protein more readily availablefor hydrolysis.  As a
result of protein denaturation,the protein solubility decreases and biological properties are lost. Crystallization
of protein is no longer possible, and viscosity and optical rotation increase. The increase in viscosity results in
more asymmetry of protein. This exposes more hydrophobic residues resulting in the decreased solubility of
protein.During high pressure induced protein denaturation, proteins may precipitate. The changes are
reversible in the pressure range of 100 to 300 MPa and irreversible for pressures higher than 300 MPa. The
denaturation may be due to the destruction of hydrophobic and ion pair bonds, and unfolding of molecules. At
higher pressure, oligomeric proteins tend to dissociate into subunits, becoming vulnerable to proteolysis.
Monomeric proteins do not show any changes in proteolysis with increase in pressure (Thakur and Nelson,
1998).High pressure effects on proteins are related to the rupture of non-covalent interactions within protein
molecules and to subsequent reformation of intra and inter molecular bonds within or between the molecules.
The quaternary structure of protein is mainly held by hydrophobic interactions, which are very sensitive to
pressure. Significant changes in the tertiary structure are observed beyond 200 MPa. However , a reversible
unfolding of small proteins such as ribonuclease Aoccurs at higher pressures (400 to 800 MPa), showing that
the volume and compressibility changes during denaturation are not completely dominated by the
hydrophobic effect. Changes in the secondary structure occur above 700 MPa leading to irreversible
denaturation (Balny and Masson, 1993).
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Skim milk protein
Application of high pressure destabilizes casein micelles in reconstituted skim milk. The size distribution of
the spherical casein micelles decreases from 200 to 120 nm; maximum changes occur in the pressure range of
150 to 400 MPa at 20 æ%C. The pressure treatment reduces turbidity and enhances lightness, which leads to
the formation of a virtually transparent skim milk (Shibauchi et al., 1992; Derobry et al., 1994). The gels
produced from high-pressure treated skim milk show improved rigidity and gel breaking strength (Johnston et
al., 1992). The pressure treatment at 25 æ%C considerably reduces the micelle size, while pressurization at
higher temperature progressively increases the micelle dimensions. The size of casein micelles reduces
slightly at 100 MPa, with slightly greater effect at higher temperature or longer pressure treatment.  At
pressure greater than 400 MPa, the casein micelles disintegrate. The effect is more rapid at higher temperature
although the final size is similar in all samples regardless of the pressure or temperature. At 200 MPa and 10
°C, the casein micelle size decreases slightly on heating, whereas, at higher temperature, the size increases as
a result of aggregation of casein micelles. The size of casein micelles increases by 30% upon high-pressure
treatment of milk at 250 MPa and micelle size drops by 50% above 400 MPa (Drake et al., 1997). The high-
pressure treatment of milk at 100 to 600 MPa considerably leads to solubilization of ás1-and â-casein, which
may be due to the solubilisation of colloidal calcium-phosphate and disruption of hydrophobic interactions.
On storage of high pressure treated milk at 5°C, the dissociation of casein is largely irreversible, but at 20°C,
considerable reassociation of casein occurs. The hydration of the casein micelles increases on pressure
treatment of 100 to 600 MPa due to induced interactions between caseins and whey proteins. Pressure
treatment increases the level of ás1- and â-casein in soluble phase of milk and produces casein micelles with
properties different than those in untreated milk. The casein micelle size is not influenced by pressure lower
than 200 MPa, but the pressure treatment at 250 MPa increases the micelle size by 25%, while pressure
treatment of 300 MPa or greater , irreversibly reduces the size to 50% of that in untreated milk (Hinrichs and
Rademacher , 2004).

α-lactoglobulin
Pressure treatment of  α-lactoglobulin at 450 MPa for 15 min reduces its solubility in water .  The
highpressure induces extensive protein unfolding and aggregation when BSA is pressurized at 400 MPa. α-
lactoglobulin appears to be more sensitive to pressure than  α-lactalbumin. The state of aggregation and
thermal gelation properties of pressure-treated α-lactoglobulin occurs immediately after depressurization and
after storage for 24 hr at 5 æ%C. Pressure treatment at 150 MPa for 30 min or pressure higher than 300 MPa
for 0 or 30 min forms the soluble aggregates of  α-lactoglobulin (Huppertz et al., 2004b). Use of high-pressure
(510 MPa for 10 min at 8 or 24 æ%C) induces unfolding of  âlactoglobulin and characterizes the protein
structure and surface-active properties. The secondary structure of the protein processed at 8 æ%C appears to
be unchanged, whereas á-helix structure is lost at 24C°. High-pressure in the range of 100 to 300 MPa,  α-
lactoglobulin  AB completely hydrolyzes by pronase and  αchymotrypsin. The activation volume for the
denaturation of  â-lactoglobulin decreases with increase in temperature, and the activation energy increases
with pressure up-to 200 MPa, beyond which it declines (Galazka et al., 1997). Isobaric (200-800 MPa) and
isothermal (-2 to 70 æ%C) denaturation of  â-lactoglobulin and  á-lactalbumin of whey protein follows third
and second order kinetics, respectively. Isothermal pressure denaturation of both  â-lactoglobulinAandB
doesn’t differ significantly and increase in temperature increases the denaturation rate (Hinrichs and
Rademacher , 2004).

Soya proteins
Gelation of soya proteins induces at minimum pressure treatment of 300 MPa for 10 to 30 min and the gels
formed are softer with lower elastic modulus in comparison with heat-treated gels. The treatment of soya milk
at 500 MPa for 30 min changes it from a liquid state to a solid state, whereas at lower pressure, the milk
remains in a liquid state, but improves its emulsifying activity and stability (Okamoto et al., 1990).
Application of high pressure (200–600 MPa) on soya protein isolated at pH 8.0 increases the protein
hydrophobicity and aggregation, and reduces the free sulfhydryl content and a partial unfolding of â-
conglycinin (7S) and glycinin (11S) occurs, whereas at pH 3.0, the protein denatures partially and insoluble
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aggregates are formed (Zhang et al., 2005). Soybean whey , a by-product of tofu manufacture, is a good
source of peptides, proteins, oligosaccharides, and isoflavones. High pressure increases the antioxidative
activity of soy whey protein, but decreases the antioxidative activity of the hydrolysates (Prestamo and Penas,
2004). The high pressure treatment enhances the pH of the protein hydrolysates. The pressure treatment (100
and 200 MPa, 15 min, 37æ%C) hydrolyses the soya whey protein by pepsin, trypsin, and chymotrypsin. The
highest level of hydrolysis occurs at a pressure treatment of 100 MPa.  After the hydrolysis, the formation of
5-peptides under 14-kDa with trypsin, chymotrypsin, 11-peptides and pepsin are observed (Penas et al., 2004).

Dairy Products
Application of high pressure on milk was initiatedwith a view to develop an alternative process for
pasteurisation. It is well established that the pressure inactivates microorganisms such as  L. monocytogenes,
S. aureus and L. Innocuaeither naturally present in milk or introduced in milk. In addition to the microbial
destruction, the effect of high pressure on protein structure and mineral equilibrium suggest the different
applications of high pressure processing on dairy products including microbiological stabilisation of milk,
processing of milk for cheese and yoghurt, and preparation of milk products.

(In)activation of micro-organisms andenzymes/vitamins

High pressure processing has been widely used to (in)activate many microorganisms and enzymes/ vitamins
in milk. Pressure in the range of 250 to 450 MPa for 0 to 80 min at 3 or 21  o C inactivates the
microorganisms present in raw milk (Pandey et al., 2003). It has been observed that there is a 5-6 log cycle
reduction in microbial growth when milk is treated at a pressure of 680 MPa for 10 min at room temperature.
Pressure treatment to milk at 400 MPa for 3 min is observed to extend the shelf-life of milk. At this condition
there is no significant variation in the content of B1and B6 vitamins. Pressures treatment in the range of 200–
500 MPa for 60 min at 20 æ%C are effective for the destruction of pathogen such as  L. monocytogenes, E.
coli  andS. enteritidis  and E. Coliare found to be more sensitive than indigenous micro-flora (Black et al.,
2005). Highpressure treatment in the range of 200 to 1000 MPa of pasteurized milk at 63°C for 30 min
reduces the microbial count. Pressure at 300 MPa reduces a 4 log-cycle reduction of microorganisms in milk
and subsequently increases the shelf-life up-to 25, 18 and 12 days at 0, 5 and 10°C, respectively (Mussa and
Ramaswamy , 1997). High pressure treatment of 250 to 500 MPa for 5 min at 20°C with nisin inactivates
gram-positive bacteria. The gram-negative bacteria are more sensitive to high pressure, either alone or in
combination with sin, than gram-positive bacteria. Pressure in the range of 300 to 600 MPa has little effect on
â-lactoglobulin, while levels of  âlactoglobulin reduces in whey indicating that the denaturation of the  â-
lactoglobulin is possible above 600 MPa (Pandey and Ramaswamy , 1998; Brooker et al., 1998).

Rennet coagulation of milk
The rennet coagulation time of milk is affected by high pressure treatment with the nature and magnitude of
the effect depending on the pressure applied. The pressure in the range of 200–400 MPa decreases the rennet
coagulation time (Needs et al., 2000). The coagulation time remains unchanged for pressure treatment less
than 150 MPa, whereas it decreases at higher pressure upto 670 MPa. The coagulation time in the pressure
range of 500-800 MPa is higher than the pasteurized milk treated at 72°C for 15 s. Pressure treatment in the
range of 250–600 MPa at 5 or 10°C reduces the rennet coagulation time. In milk without kio3, the coagulum
strength is the highest after the pressure treatment at 250 or 400 MPa, whereas in milk with kio3, it is highest
at the pressure treatment of 400 MPa (Zobrist et al., 2005).

Curd forming and firming
Accelerated rate of curd formation and firmingof rennet milk is observed at pressure applicationof 400 MPa
(Ohmiya et al., 1987). There is anincrease curd firming rate below 200 MPa. Gelfirmness remains unaffected
below 200 MPa, butincreases at 300 MPa. The rate of curd formationis highest at 200 MPa, but slightly
decreases onpressure treatment at 400–600 MPa. Higher curdfirmness is observed for the milk treated
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underhigh pressure. The decrease in pressure from 200to 500 MPa at temperature of 3 to 21°C andholding
time of 10 to 110 min decreases the waterholding capacity and increases the gel strength ofrennet curd. The
pressure of 280 MPa attemperature of 9°C for 40 min results in thehighest water holding capacity (40%) and
highestgel strength (0.47 N).

Cheese ripening, yield, rheology andmicrostructure
Milk treated with 50 MPa for 3 days acceleratesthe ripening of cheddar cheese and increases the proteolysis of
milk protein. Milk treated with 50MPa for 3 days at 25°C accelerates the ripening of commercial cheddar
cheese due todegradation of áS1-Casein and accumulation ofáS1-1-Casein (O’Reilly et al., 2000). Cheddar
cheeses treated at pressures higher than 400 MPa releases free amino acids at significantly lowerrate than the
control. No acceleration in free amino acid development is observed at lower pressure.Pressure treatment
doesn’t accelerate the rate of texture breakdown. On the contrary , pressure treatment at 800 MPa reduces
time-dependent texture change of cheese. Pressure treatment in the range of 300–600 MPa increases the
cheese yield due to denaturation of whey proteins and increases moisture retention.Higher moisture content of
cheese made from highpressure treated milk is due to the fact that casein molecules and fat globules may not
aggregate closely and may allow moisture to be trapped in cheese. The pressure treatment of milk at 400 MPa
for 15 min at 20æ%C increases the cheese yield by 2% (db). The interaction of high-pressure treatment at 400
MPa for 5min at 21°C and storage time on non-expressible serum per gram protein is observed in reduced-fat
mozzarella cheese. The interaction levels are higher in high-pressure treated cheese than unpressurized
sample. High pressure treatment also decreases the  L,  aand b-values significantly after storage for 1 day , but
no effect is observed after 75 days. The composition, pH, proteolysis, rheological properties of the unheated
cheese, flowability and stretchability are not significantly affected (Sheehan et al., 2004). High pressure-
treated cheese showed a more continuous/homogeneous protein matrix than nonpressurised cheeses in
Confocal scanning light microscopy. The fat phase is also affected, after 15 min of treatment at 450 MPa,
where fat globules are observed to lose their circularity and large pools of fat.A more continuous
microstructure even after 35 s of pressure treatment post-pressurisation of Cheddar cheese curd is observed.
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