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ABSTRACT: The emergence and development of new non-thermal methods in food industry, due to the 
adverse effects of heat, have found special significance in recent decades. High Pressure Process (HPP) 
is one of the most important modern technologies in the food industry in which food, with the aim of 
destroying pathogenic microorganisms and deactivate the enzymes that cause undesired changes and an 
increase in quality, is exposed to high pressure. Thus, the shelf life of foods increases and the damage to 
heat-sensitive compounds decreases. In this method, a liquid (usually water) is as heat transfer medium 
and high pressure 100 to 600 MPa is used in commercial processing. Based on isostatic principles, the 
pressure inside the container is quickly and evenly transferred to the food product which is under HPP, 
and all parts of the food get under equal pressure. The effects that HPP can put on microorganisms can 
primarily be divided to changes in cell morphology, genetic changes and metabolic reactions. Among the 
factors influencing the pressure resistance properties of microorganisms, type of microorganisms, growth 
stage, and environment requirements can be mentioned. In this paper, it is tried to briefly refer to the 
effects of this process on microorganisms and factors affecting the resistance of microorganisms. 
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INTRODUCTION 
 

 Potential of High Pressure Process )HPP( in increasing shelf-life of food and improving the microbiological safety 
of food was reported for the first time more than 100 years ago, and the United States was the first country that 
studied the process. Hit in 1899 found that HPP can inhibit microorganisms in milk and increase its shelf life, and 
thus developed HPP in food industry. He tested to see if under different levels of pressure milk stays pleasant 
compared to unpasteurized milk, and found that using high pressure of 463 MPa for 1 hour, delays milk's getting 
sourness for at least 24 hours. With the advancement of high pressure equipment that has reached its peak recently, 
the statistics show that there are about 200 producers of high pressure equipment around the world (PFV, 2015). 
High pressure equipment is widely used for production of meat, dairy products, seafood, fruits and vegetables and a 
variety of beverages. The value food produced with HPP is more than 10 billion dollars and the number of 
manufacturers increases annually. Evaluation of security of new storage technology depends on a reliable estimate 
of its performance against pathogenic and food spoiling microorganisms. In the following figure, part A shows the 
growing trend in the use of HPP in four continents of Oceania, Asia, Europe and America between 1990 and 2008. 
Pie chart (B) shows the use of this process in the four major food groups, including vegetables, beverages, meat and 
sea food (Campus, 2010). 
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Figure 1. (A) Use of HPP in four continents of Oceania, Asia, Europe and America (2008-1990) 
(B) Use of HPP in four major food groups (vegetables, beverages, meat and sea food) 

 
 For processing in high pressure, high hydrostatic pressure is used. The main country manufacturing high-
pressure equipment is Japan. Of the main companies manufacturing high-pressure equipment Mitsubishi and Kobe 
Steel can be named. Equipment producing high hydrostatic pressure exists in many forms. In general, the equipment 
consists of two parts: process and control. The process part involves under-pressure tank, pump and heating system. 
Control unit is programmable for controlling the pressure, temperature and time. Needed tool for this process is a 
mechanical chamber (steel cylinder) and a pump to generate pressures up to several hundred MPa. After that food 
is placed in a suitable container and capped, the package is placed in a cylinder containing liquid with low 
compressibility (such as water). Pressure is generated by a pump which may be used permanently (static) or 
discontinuously. In the last case, two or three cycles of implementing pressure with different times may be used 
(Hayman, 2007). The main problem with heat sterilization is the loss of a significant amount of taste after processing 
plants. HPP in fresh basil causes better preserve of the main constituents of essential oil compared to freezing, drying 
and heat sterilization processes. So, this process preserves the flavor compounds and plant tissue. Nowadays, the 
vegetables with firmer texture are desirable, and the process better preserve the product color compared to thermal 
processes. In a way that the color of some products containing chlorophyll are affected during thermal processing 
while HPP better preserves the color of products such as spinach, carrots and potato puree (Matser , 2004). 
 Department of Agriculture of America has considered E. coli O157: H7 as an indicator species for raw materials 
or finished product and has required a 5-log reduction in time to get to safety and health of food for consumers. 
Although by using high pressure endospore strain growth cannot be completely prevented, no food processed with 
HPP at room temperature is supplied in stores now (Cheftel, 1995). 
 
The effects of high pressure on microorganisms 
 HPP can be applied to inhibit the growth of microorganisms in food, but there are different types of micro-
organisms with different physiological features, and many of them may have different characteristics of resistance to 
pressure. Table 1 shows deactivating microorganisms in meat by HPP (Campus, 2010). 
 

Table 1. Inactivating microorganisms in meat by HPP 
 

Target microorganism Product 
Initial counts 
(Log10  cfu/g) 

Cell load reduction 
(Log10  cfu/g) 

Treatment 

L. monocytogenes Cooked ham 2.6 2.6 
1.9, after 42 days 
at 6 C 

400 MPa, 10 mm 

Total viable count Bovine meat 4.0 2.5, after treatment. 520 MPa. 4.2 min, 10 C 

L. monocytogenes Dry-cured ham 4.65 
Total inactivation 
(<1 cfu/g) 

600 MPa, 9 min 

 
S.aureus 

Marinated beef 
Dry-cured ham 

362 2.67, after treatment 
600 MPa. 6 min, 
31 C 

Satmonetia spp. Cooked ham 3.8 
Total inactivation 
(<1 cfu/g), 

600 MPa. 6 min, 
31 C 

E. coli o157:H7 
Raw minced 
meat 

5.9 5, after treatment 
700 MPa. 1 min, 
15 C 

L monocytogenes 
Sliced beef 
cured ham 

4.0 2, after 210 days, 6_C 
500 MPa. 5 min, 
18 C 

C. freundii 
Minced beef 
muscle 

7 5, after treatment, 20_C 
300 MPa 
10 min, 20 C 

L. monocytogenes Iberian ham 6.3 3.6, after 60 days, 8 C 450 MPa. 
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10 min, 12 C 
Lactic Acid 
Bacteria 

Marinated beef 4.94 3.99, after treatment 
600 MPa. 6 min, 
31 C 

Campylobacter 
jejuni 

Pork slurry 6–7 6, after treatment 
400 MPa. 
25 mm., 10 C 

Toxoplasma gondii 
Ground pork 
meat 

Viable tissue 
cysts 

Inactivation (cysts not 
viabtes) 

300 MPa 

 
 Generally, increase of pressure causes different levels of impact on microorganisms. Table 2 shows how a 
commercial sterilization process can be accomplished through a two pulse process (pulse length 1 minute and 
interval 30 seconds). This table shows that pressure increase can be reduced by the initial temperature of the product 
(Meyer , 2000). 
 

Table 2. Two-pulse high pressure sterilization process for some food 
 

Type of Food Initial temperature (°C) Pressure (MPa) 

Most vegetables, pasta, meat 90 690 
Most vegetables, potatoes 80 828 
Vegetables, seafood, potatoes 70 1172 
Eggs, milk 60 1700 

 
 According to the reported articles, 50 MPa pressure can inhibit protein synthesis in microorganisms and reduce 
the number of ribosomes. Pressure of 100 MPa could partly lead to denaturation of proteins and 200 MPa pressure 
causes damage to the cell membrane and the internal structure of the cell. Rising the pressure to 300 MPa or more 
causes irreversible denaturation of the enzymes and proteins, resulting in rupture of cell membranes and withdrawal 
of intracellular contents which will lead to bacteria death. Thus, the effects of high pressure on microorganisms can 
be primarily divided to changes in cell morphology, inhibition of metabolic reactions essential for cell survival, and 
changes in the genetic mechanism (Huang  , 2014 ; Maria , 2013). 
 
Morphology 
 When microorganisms are under the influence of high pressure, the cell membrane is the usually the first organ 
that suffers. The main function of the cell membrane is to maintain cell morphology, balance the pressure inside and 
outside the cell and regulate the entry and exit of foreign substances from outside to cell (Mañas , 2014). When high 
pressure damages cell membrane and its structure, the absorption of nutrients in the cell of microorganisms is 
affected, the disposal of waste products in the cells is disrupted and the natural pathway of metabolism is destroyed. 
 It seems that bacterial cell membrane is one of the objectives of HPP. Increase of pressure around the cells 
causes swelling and disruption of membrane structure and disrupts the permeability of the membrane, which 
eventually leads to cell death. Disruption of membrane structure is the result of changes in morphology and physical 
properties of the cell (Kadam , 2012). 
 Wang  in 2013 used electron microscopy to observe changes in morphology of Vibrio parahaemolyticus after the 
process of 300 Mpa. The high pressure applied on cells showed great growth in rash and swelling of the membrane. 
Pressure increase also led to shattering and breaking of some cells (Wang , 2015). Yi  (2012) used a similar way to 
monitor the effects of 500 MPa on coli and Staphylococcus aureus. Wrinkles in the membrane of bacterial cell wall, 
small holes in the cytoplasm and intracellular fluid outpour were observed due to rupture of the cells. 
 
Changes in the genetic content 
 HPP can have negative effects in genetic factors in microorganisms such as DNA replication and gene 
expression. Studies show that HPP inhibits DNA replication and gene expression enzymes. Studies have found that 
some microorganisms have regulating genes to adapt to their environment (such as E. coli O157: H7, gram-positive 
bacteria such as Bacillus subtilis, Staphylococcus aureus and Listeria monocytogenes) so that when placed in an 
unsuitable environment for growth, stress-resistant strains of the bacteria appear (Muñoz-Cuevas , 2013).  
 
Factors affecting the pressure-resistance properties of microorganisms  
 Most of microorganisms have great ability to adapt efficiently to the environment. In unsuitable conditions, 
microorganisms use different protection mechanisms such as compliance with environmental, changing to dormant 
state (endospore), activation of expression of genes resistant to stress or production of resistant mutants. Thus, 
stress tolerance in microorganisms is not fixed, but they are influenced by internal and external factors, such as type 
of microorganisms, stage of development and the environment (Okazaki , 2000). 
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Diversity of micro-organisms 
 Comparing the studies carried out show that prokaryotes resistance to pressure is more than that of eukaryotes, 
Gram-positive bacteria is more than that of Gram-negative, and cocci bacteria are more resistant than Bacillus. 
Smaller and cocci-shaped bacteria are generally more resistant to HPP than larger rod-shaped bacteria. In Table 3 
the resistance of different microorganisms with D value is displayed during high pressure. In difficult environments 
for growth, some microorganisms to escape from stress or harsh conditions form endospore. Under such conditions, 
the resistance to morphological pressure of endospore is substantially increased compared with the original growth 
of microorganisms (Rastogi , 2007). 
 

Table 3. The difference between D-Value of several different microorganisms in HPP 
 

Microorganisms Pressure (MPa) Temperature (°C) D-Value (min) 

Clostridium pasteurianum 700 60 2.4 
Citrobacter freundii 230 20 14.7 
Listeria monocytogenes 414 25 2.17 
Salmonella typhimurium 414 2 1.48 
Listeria innocua 400 2 3.12 
Staphylococcus aureus ATCC 27690 250 20 15 

 
Growth Phase 
 In general, microorganisms are more resistant to pressure in stationary phase compared to exponential phase 
of growth. It is for the reason that during the growth phase, microorganisms are continuously involved in duplex cell 
division and synthesis and their stress tolerance reduces in difficult conditions. Microorganisms in the stationary 
phase have a full structure and are under membrane protection, so they can tolerate higher levels of stress (Okazaki 
, 2000). 
 
Environmental circumstances 
 According to Herdel's technology concept, when high pressure is used for the pasteurization of food, a 
combination of poor environmental conditions for the growth of microorganisms such as low pH and temperatures 
higher or lower than the suitable growth temperature reduce the resistance of microorganisms to pressure and 
facilitate its destruction (Garcia-Gonzalez, 2007). Combined use of these methods, is more efficient than using them 
separately in deterring microorganism growth, this means that combination of maintaining factors can dramatically 
increase food quality. For high-pressure pasteurization process, the combination of high pressure and temperature 
are considered as the most appropriate combination (Manas and Pagan, 2005). 
 
Conclusion 
 HPP has recently attracted the attention of researchers for different studies. The most successful commercial 
and industrial applications of HPP are to deactivate microorganism growth, to achieve pasteurization without heat, 
to increase shelf-life of food products without changing nutritional, functional and sensory properties of food. In 
traditional thermal and conventional food processing techniques, the main role of temperature is to inhibit the growth 
of pathogens and to ensure food security. Thus, the value of pasteurization at different temperatures should be 
carefully evaluated. High pressure can inhibit the growth of pathogens and maintain the quality of the food and just 
keep it the same as normal food with minimal processing. Although high pressure processing has developed for more 
than 100 years in America and Japan, in many countries it is still a new emerging trend. All new methods of 
processing should comply with food safety standards before commercial use. 
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