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High Hydrostatic Pressure assisted (HHP) process enhancement for food and allied industries are reported in this paper
review. Recently, considerable research has been devoted to the improvement of mild thermal processing techniques and to
the development of alternative mild processing technologies. HHP assisted can enhance existing extraction, processes and
enable new commercial extraction opportunities and processes. New HHP processing approaches have been proposed,
including, the potential for modification of plant cell material to provide improved bioavailability of micro nutrients while
retaining the natural-like quality, simultaneous extraction. Therefore, High Hydrostatic Pressure assisted (HHP) technologies
could have a strong presence in the future of the biotechnology industry.
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Figure 1. Schematic diagram of vegetal cell structures.



364

Korean J. Biotechnol. Bioeng., Vol. 23, No. 5

Table 2. High Hydrostatic Pressure (HHP) system assisted treatments from the literature on various material components

Material Application and products

High Hydrostatic Pressure (HHP) condition

Reference

Skimmed milk Inactivation of Escherichia coli K12

Orange juice, whole milk, Evaluate the adiabatic heating phenomena
skim milk during HHP processing

Bovine a-lactalbumin Bovine a-lactalbumin functional properties

Evaluated for inactivation of food borne

Food borne viruses . .
viruses and non-pathogenic surrogates

Cooked ham Control salmonella sp.

Rhodotorula glutinis 3 -carotene production

IBs of ES expressed
(native tertiary structure and full
biological activity)

Refolding of endostatin
from inclusion bodies

Whey protein hydrolysates Antibody binding f'md functional
properties
Blood sausages morcilla de Burgos

Moreill B L
orcilla de Burgos treated (microbial ecology)

Germinating rice seeds Gene expression analysis

In vitro matured porcine oocytes to

Matured pi t .
atured pig oocytes improve

Cyanidin-3-O-glucoside and

pyruvate Anthocyanin condensation reactions

Conditions for a 5-log reduction of
Vibrio vulnificus
(observed among)

Oysters

Amylopectin, Hylon VII,

Their ability to generate free radicals
amylose,

Grape by-products Extraction of anthocyanins

Grape skins Extraction of anthocyanins

Soymilk and soybeans Extraction of Isoflavone profiles

Escherichia coli and Listeria innocua in

Kiwifrui i 1 .
iwifruit and pincapple fruit juices (HHP treated)

Milk

Microstructure of probiotic low-fat yogurt

Soybean protein and oil Influence of food components

A combination of hydrostatic pressure at 250 MPa, temperature
at 25, and total holding time of 20 min was used.

Pressurized at 100~400 MPa and temperature at 5, 20 and
357C, using different compression rates (100, 200, and
300 MPa/min).

HHP(200, 400 and 600 MPa) and temperature (25, 40
and 55°C) on selected functional properties of a-lactalbumin
were evaluated in the pH range of 3.0~9.0. Processing at
600 MPa and 55°C for 10 min.

Subjected to pressure by HPP (500 MPa, 5 min, 4C), or
control (no pressure).

Application of a 400 MPa HHP treatment to the active
packaged slices of cooked ham produced a drastic reduction
to the counts of Salmonella.

Five repeated cycles at 300 MPa for 15 min, the barotolerant
mutant PR68 was obtained. After 72 h.

High levels of correctly folded ES (90 mg/L culture) were
obtained after optimization/standardization of the procedure
by applying pressures of 200 MPa for 16 h.

Pressure was increased to 200 and 400 MPa at a rate of
2.5 MPa s, maintained for up to 60 min (10, 30 and 60 min
at 200 MPa and 10 and 30 min at 400 MPa).

Initial water temperature was 15°C, increasing around 3T
per 100 MPa during HHP due to adiabatic heating.

Constructed forward and reverse subtracted cDNA libraries
of rice seeds treated with 75 MPa hydrostatic pressure for
12 h by suppression subtractive hybridization in combination
with mirror orientation selection.

Pressure impulses in the range of 20~80 MPa (200~800 times
greater than atmospheric pressure) for 30~120 min at 24C.

HHP treatment of 600 MPa, at 70C during 30 min.

The samples were then treated at 150 MPa for 4 min and
200 MPa for Imin. Pressure treatments were carried out
at the following initial temperatures: 1, 2, 5, 10, 20, 30,
40, and 45C.

Native and high pressure-treated (water suspensions,
650 MPa for 9 min), time for reaching the working
pressure was 120 s. temperature inside the pressure chamber
averaged 20 + 2°C.

Samples were pressurised at 600 MPa, 70C and held
during 1 h in Teflon tubes (innerfouter diameter 6-8 mm;
2~5 ml) with silicon stoppers.

HHP (200, 400, 600 MPa), ethanol concentration (20~100%),
time (30~90 min), and temperature (20~70C) on the optimal
anthocyanin extraction.

HHP was applied to hydrated soybeans (100~700 MPa,
25C), soymilk (400~750 MPa, 25 and 75C) to assess its
effect on isoflavone content.

HHP at 300 MPa for 5 min. Using low (0C) or subzero
(-10C) temperatures instead of room temperature (20C).
Samples were subjected to HHP at 676 MPa for 5 min at
room temperature. Targeted pressure was achieved in 4~5 min
and the depressurization took less than 1 min.

Pressure chamber of 200 ml volumes at 41°C and 448.0 MPa
for 11 min, temperature of 41°C.

Narisawa N. et al.
(2008) Japan

Buzrul S. et al.
(2008) France

Rodiles-Lo pez J. O.
et al.
(2008) Mexico

Sharma M. et al.
(2008) U.S.A.

Jofré A. et al. (2008)
Spain

Wang S. L. et al.
(2008) China

Chura-Chambi R. M.
et al. (2008) Brazil

Chicon R. et al.
(2008) Spain

Diez A. M. et al.
(2008) Italy

Liua X. et al..
(2008) China

Pribenszky C. et al.
(2008) Denmark

Corrales M. et al.
(2008) Germany

Kural A. G. et al.
(2008) U.S.A.

Blaszczak W. et al.
(2008) Poland

Corrales M. et al.
(2008) Germany

Corrales M. et al..
(2008) Germany

Jung S. et al.
(2008) U.S.A.

Buzrul S. et al.
(2008) France

Penna A. L. B. et al.
(2007) US.A.

Gao Y. et al.
(2007) China
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Material

Application and products

High Hydrostatic Pressure (HHP) condition

Reference

Wheat gluten II.

Lactic acid and
pathogenic bacteria

Ovalbumin

Lycopene

Korean Red Ginseng

Rhodiola sachalinensis

Yellow passion fruit pulp

American
ginseng root

Foxtail Millet

(Takju)

Strawberry

Measure protein solubility

Protein synthesis

Peptides
(promote the proteolysis and release)

Lycopene stability and isomerization

Ginsenoside (concentrations effects)

Extraction of bio-active components

Extraction of ginsenoside

Microbial Counts, Enzyme Activity
(Quality changes)

Extraction of Strawberry flavour and
enzyme B-glucosidase compounds

Sensory characteristics

Increasing pressure (0.1~800 MPa) and temperature (30~80 1)
the resulting material was analysed by micro-extension tests
and an extraction.

Samples were submitted to HHP treatment of 400 MPa
for 10 min at 17°C, come-up time was 17.5 min, pressure
release time was 1.5 min and adiabatic heat generated
was <5C.

For pressure experiments, substrate and enzyme mixtures
were immediately submitted to 100~400 MPa and 37C
for different periods (5~60 min).

Pressurized at 100, 200, 300, 400, 500 and 600 MPa for
12 min. temperature 20 + 1T).

Samples were vacuum-packaged in polyethylene film and
treated at room temperature for 1 min with HHP
(200~600 MPa) and steamed at 98°C for 3 hr.

Optimal conditions of extracting flavones and salidroside
were as follows: 41 or 60% (v/v) of ethanol concentration,
70 : 1 ml/g of solvent-herb ratio, and 500 MPa of hydrostatic
pressure for 3 min.

Samples were packed in pressure-resistant polyethylene
bags, heat sealed and pressurized at 300 MPa for 5 min
at 25C.

Ultrahigh pressure treatment at selected pressures in the
range of 100~600 MPa for different durations (1~5 min).

Treated with heat (65°C/30 min or HHT (277C/400
MPa/10 min), and changes in microbial count, enzyme
activity, and quality were determined during 30-day storage
at 10 and 25C.

HHP ranging from 200 to 800 MPa. The samples were
kept for 24 h at three different storage temperatures (4, 20
and 30C), The enzymef3-glucosidase (pressures of 200
and 400 MPa were applied) but inactivated considerably in
the 600 and 800 MPa treatments.

Schurer Feet al.
(2007) Germany

Jofré A. et al.
(2007) Spain

Considine T. et al.
(2007) New Zealand

Quirds A. et al.
(2007) Spain

Kim S. O. et al.
(2007) Korea

Zhang S. et al.
(2007) China

Laboissiére
L H. E. S et al
(2007) Brazil

Zhang S. et al.
(2006) China

Lim S. B. et al.
(2004) Korea

Zabetakis 1. et al.
(2000) UK

Table 3. Examples of High Hydrostatic Pressure system assisted extraction work completed at korea patent research

Material Products High Hydrostatic Pressure (HHP) Condition Reference
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Figure 2. Scheme of the basic experimental set-up by High Hydrostatic Pressure system.
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