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Abstract 

The invention relates to a high hydrostatic pressure process for reducing the level of 

micro-organisms in commercial dairy products.
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HPP PROCESS FOR DAIRY FOODS 

Technical Field 

[0001] The invention relates to the field of commercial food manufacture. In 

particular, the invention relates to high pressure processing of dairy foods.  

Background of the Invention 

[0002] Nutritional value and product safety are two of the most important factors 

influencing food consumer choices at the present time, as well as being of significant 

importance to toad producers and distributors. In the food industry, one of the long

term goals is to assure food safety and extend product shelf life while retaining the 

characteristics of fresh, preservative-free, and minimally processed foods.  

[0003] Traditionally, heat-based methods are used to destroy harmful bacteria and 

reduce the numbers of spoilage organisms to extend shelf life of food products. Such 

methods are well known and are the subject of highly developed techniques.  

However, consumer demand for fresher tasting and fresher textured foods is driving 

the development of new methods of making the energy-intensive process more 

environmentally friendly, further extending shelf life and producing a product with a 

taste as close to an untreated product as possible.  

[0004] The best known technique to slow food decomposition and assure safety is 

heat pasteurisation. For example, temperatures above 72'C are used to heat treat 

dairy food to improve food safety and extend shelf life by effectively inactivating 

microorganisms and enzymes in the food. However, heat pasteurisation often has 

adverse effects on the nutritional and sensory attributes of food.  

[0005] High-pressure processing (HPP) involves application of a high hydrostatic 

pressure to foods susceptible to decomposition. HPP can inactivate spoiling and/or 

pathogenic microorganisms.  

[0006] An advantage of HPP over heat pasteurisation and other thermal processing 

technologies is the even and instantaneous distribution of pressure energy throughout 

the product. Because the high pressure is applied to the dairy food in its final 

packaging, the product is not subject to post-processing contamination with spoiling 

or pathogenic microorganisms, resulting in a product with a longer shelf life than 

products that are heat pasteurised and subsequently packaged.
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[0007] Another advantage of high pressure processing is that microorganisms can be 

eliminated while maintaining the 'fresh' flavour, quality, texture and other sensory 

properties of the food product, because it is not heat treated.  

[0008] High pressure processing (HPP) uses pressures up to 900 MPa (c. 9000 

atmospheres, c. 135 000 pounds per square inch) to kill many of the microorganisms 

found in foods, even at room temperature.' While considerable experimental data has 

been produced, it was not until the early 1990s that the first commercial food 
2 

applications of HPP were seen. There are considerable engineering challenges 

involved in generating and containing the immense pressures in a vessel suitable for 

food products on a repeatable basis necessary for commercial production.  

[0009] Unlike other food processing methods, such as heat pasteurisation or other 

thermal processing, HPP has had a somewhat limited application to date. As yet, 

HPP has not been universally applied to all food types on a commercial scale. Some 

animal and dairy products and shelf-stable low-acid foods cannot be readily treated 

with HPP on a commercial scale because of the difficulties associated with the 

engineering of the process, protection of microorganisms by the food matrix and 

pressure resistant spores that are often present in these products. Indeed, the 

problem of eliminating some pathogenic microorganisms in commercial dairy and 

other animal-based food production processes remains a significant challenge for the 

technology today.  

[0009a] It is an object of the present invention to overcome or ameliorate at least one 

of the disadvantages of the prior art, or to provide a useful alternative.  

[0010] For example, it is an object of the invention to provide a high pressure 

process for reducing the level of microorganisms in commercial dairy products that 

may ameliorate one or more of the problems associated with the prior art.  

[0010a] Any discussion of the prior art throughout the specification should in no way 

be considered as an admission that such prior art is widely known or forms part of 

common general knowledge in the field.  

1 Patterson, M.F. Microbiology of pressure-treated foods. Journal of Applied Microbiology. 2005, 98, 1400-1409.  

2 Patterson, M.F. Microbiology of pressure-treated foods. Journal of Applied Microbiology. 2005, 98, 1400-1409.
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Summary of the Invention 

[0011] As disclosed herein, there is provided a process for reducing the level of 

active spoilage micro-organisms in commercial dairy products, including on raw milk, 

the process comprising the steps of: (a) applying a source of high hydrostatic 

pressure of at least 5200 Bar to the dairy product for a first period of time; (b) 

removing the source of pressure from the dairy product; (c) reapplying the source of 

pressure to the dairy product for a second period of time; and optionally repeating 

steps (a) to (c).  

[0011 a] According to a first aspect of the present invention there is provided a 

process for reducing the level of active spoilage and pathogenic micro-organisms in 

an untreated dairy product, the process comprising the steps of: 

applying a source of high hydrostatic pressure of at least 5200 Bar to the 

untreated dairy product for a first period of time; 

removing the source of pressure from the dairy product; 

reapplying the source of pressure to the dairy product for a second period of 

time; and 

optionally repeating steps (a) to (c) to produce a treated dairy product, 

wherein there is no initial heat pasteurisation step of said untreated dairy 

product.  

[0012] It has been surprisingly found by the inventors that the cycling of the 

pressure in a HP process through at least two cycles produces an increased lethal 

effect on populations of certain pathogenic organisms than had hitherto been 

achieved using a single HP process, particularly in dairy products, especially raw 

milk.  

[0013] Preferably, the maximum hydrostatic pressure applied is 6000 Bar or greater.  

[0014] Best results have also been seen where said first and second periods of time 

are between 60 and 150 seconds, preferably 90 to 120 seconds; and where the 

source of pressure is removed for a time period of between 1 to 10 seconds, 

preferably 5 seconds.  

[0015] What has been especially noted by the inventors is that this process has
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been the first to report an >6 log1o reduction of both E. Coli and L. Monocytogenes 

and a 4.3 log1o reduction or more of S. Typhimurium in raw milk. Milk has presented 

particular challenges in the past regarding the effective use of HPP in producing a 

microbiologically safe and commercially stable product. It is thought that this is due 

to idiosyncrasies in the chemical make-up of raw milk.  

[0016] The particular advantage of achieving these levels of pathogen inactivation 

with such relatively short cycle times is that the overall throughput of the process 

can be much higher, creating greater manufacturing efficiency that allows a fully 

commercial process to be realised.  

[0017] As also disclosed herein, there is provided the use of a process according to 

any preceding claim, for the production of a commercial dairy product.  

[0017a] According to a second aspect of the present invention there is provided use 

of a process according to the first aspect, for the production of a treated dairy 

product 

[0018] As further disclosed herein, there are provided commercial dairy products 

produced by the process as described above. Commercial dairy products produced 

according to this process have been shown to have a shelf life of greater than 40 

days, specifically 42 days, at 50C.  

[0018a] According to a third aspect of the present invention there is provided a 

treated dairy product produced by a process according to the first aspect.  

[0019] Now will be described, by way of specific, non-limiting examples, a preferred 

embodiment of the invention.  

[0019a] Unless the context clearly requires otherwise, throughout the description and 

the claims, the words "comprise", "comprising", and the like are to be construed in 

an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in 

the sense of "including, but not limited to".  

Detailed Description of the invention 

[0020] The invention is embodied in a high pressure process that has been 

developed for the treatment of raw milk, particularly for bovine milk, to render it 

microbiologically safe and stable for a commercially viable time period under 

refrigeration. It will be appreciated that this embodiment is by way of example only 

and the inventive process could be used to treat a wide range of other dairy
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products, and food products generally.  

[0021] Food safety authorities in some jurisdictions mandate a specific log1 o 

reduction in particular types of spoilage organisms that must be achieved in order for 

the food to be considered commercially sterile and saleable. For example, the New 

South Wales Food Authority (NSWFA) require a treatment process to achieve a 

log1o reduction of 5 (i.e. a 100,000x reduction) in pathogenic microorganisms.  

[0022] In high pressure processing (HPP), there are two key variables that define 

the treatment process. Every different food type requires testing to ascertain at what 

point the process has been effective in inactivating the target pathogens. The 

variables are: time spent under pressure; and the magnitude of pressure applied.  

[0023] With typical HPP equipment, pressure can be applied up to about 6000 Bar.  

The time that a food item is placed under this level of pressure must be consistent 

with commercial food production process requirements and result in elimination or 

inactivation of a sufficient proportion of the target micro-organisms while maintaining 

the quality, texture and taste properties of the food.  

High Pressure Process Testing 

[0024] The following test conditions were applied to five replicates of pre- inoculated 

milk feedstock: 

i. Three pathogens: (Salmonella typhimurium, Listeria monocytogenes, and 

Staphylococcus aureus).  

ii. Two pressure hold times at 6000 Bar: 3 minutes and 4 minutes, as it was 

postulated that each additional minute of hold time should produce an extra log 

reduction.  

[0025] The results at 3 minutes showed a kill of pathogenic bacteria, with log1 o 

reductions of between 2x and 3x for Salmonella and Staphylococcus at four 

minutes, and 3 to 41og1 o reduction for Listeria. Results at four minutes were slightly 

better than at three minutes treatment (approximately 1 log1o). Taken together, these 

results were not sufficient to demonstrate equivalence to heat pasteurisation, in 

which a 5 log1o reduction is achieved.
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[0026] On this occasion, the raw milk used was incidentally contaminated with 

>1,100 coliforms and E. coli. These bacteria were not detected in the non

inoculated HP processed control sample, demonstrating at least a log1 o reduction of 

3.  

Extended treatment and Cycled pressure testing 

[0027] A further pathogen challenge test was conducted on five replicates using two 

new test processes: 

i. An 'extended' treatment of 6000 Bar/ 90 seconds for 15 minutes; and 

ii. A 'cycled' treatment process at 6000 Bar for 90 seconds, repeated once 

immediately.  

[0028] To date, there is no known reference to the commercial use of either of these 

treatments in the processing of commercial dairy products. The rationale for testing 

the cycled process was that the first cycle would induce sub-lethal injury of the cell 

walls of the microorganisms and that the second cycle would complete the lethal 

effect of the high pressure on the damaged cell. The extended treatment was tested 

to measure the effect of a longer period of high pressure on cell death. Of the two 

processes tested, only the cycled process is likely to be commercially viable, as the 

extended treatment reduces overall the maximum product throughput.  

[0029] In the extended treatment trial, pathogens tested were Salmonella 

typhimurium and Staphylococcus aureus.  

[0030] The results for the treatment of both bacteria showed a log1 o reduction of 5 

for Salmonella and a log1o reduction of 2 to 3 for Staphylococcus. Therefore, the 

required log1 o reduction of 5 was only demonstrated for one of the target pathogens 

in this instance.  

[0031] The cycled pressure testing was designed with the objective of confirming the 

impact of the 'cycled' process on reduction of Salmonella and testing it on Listeria, 

and E. coli. Five replicates were tested.  

[0032] Log reductions of greater than 6 were demonstrated for E. coli and Listeria.  

In the case of E. coli and Listeria, this was higher than the equivalent log reductions 

under process conditions of 6000 Bar for 3 minutes. The Salmonella challenge 

showed inconsistent results initially between replicates so that log reductions of 3 

and >6 were demonstrated. Low log reduction counts of Staphylococcus were
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reproduced from previous trials.  

[0033] Shelf life testing yielded a potential shelf life of greater than 42 days at 5'C, 

and a longer shelf life than that achieved using the 3 minute standard cycle, an 

superior to those obtained at 4000 Bar and at 5000 Bar, both of which indicated 

microbiological spoilage at approximately 23 days.  

[0034] A further trial was conducted, with the objective to test for the first time the 

impact on Campylobacter jejuni. Under these test conditions, Campylobacter 

demonstrated a degree of resistance to high pressure with a log reduction of 1.2.  

[0035] The results of the shelf life and challenge testing for the raw milk product are 

shown in Table 1.  

[0036] In most food products containing E. coli, Listeria, Salmonella, Campylobacter 

or Staphylococcus aureus, holding the product at pressures up to 6000 Bar for a 

period of 3 minutes would be sufficient to achieve a log1 o reduction of 5 in the 

pathogen level. However, in this trial with raw milk, these conditions were found to 

be insufficient to achieve a log1o reduction of 5 in Listeria, Salmonella, 

Campylobacter and Staphylococcus due to the protection of the bacterial cells 

afforded by the food matrix typical of raw milk. A 4-minute hold at 6000 Bar did 

achieve a log1o reduction of 5 for Listeria, but not for Salmonella.  

[0037] Testing was then done using a cyclic approach, as shown in Table 1. The 

cyclic approach held the raw milk product at 6000 Bar for two time periods of 90 

seconds, one immediately following the other. It was surprisingly discovered that this 

shorter, cyclic approach at 6000 Bar was successful in achieving a superior log 

reduction of E. coli and Listeria monocytogenes compared with a more standard 3 

minute pressure treatment at the same pressure, and produced a longer shelf life.  

The required log reduction of 5 (equivalent to heat pasteurisation) was achieved 

using the cyclic approach for Listeria monocytogenes and E. coli.  

[0038] It is proposed that those bacterial pathogens that were not reduced by 5 log 

using any of the tested high pressure process conditions (Salmonella, 

Staphylococcus aureus and Campylobacter jejum) can be controlled by applying 

hygienic raw milk production techniques and animal health strategies in combination 

with raw milk compliance testing prior to high pressure processing, to produce a 

commercially viable, safe unheated milk product with a longer shelf life.  

[0039] The inventors have found that a cycled HPP has a unique, significant impact 

on the reduction in numbers of Salmonella Listeria, and E. coli) in raw milk. Such
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results may also be applicable to other dairy products, particularly those using raw 

milk as an ingredient.  

Table I - Loq1O reduction and milk shelf life achieved under various high pressure 
process conditions 

Table 1. Login reduction and milk shelf life achieved undervarious high pressure process conditions 

Login reduction High pressure process condition 

6000 Bar for 6000 Bar for 6000 Bar for 6000 Bar for 
Pathogen 3min 4min 15min 2*90sec 

E. coli 3.26 >3 >6 

Listeria monocytogenes 4 to 5 5 >6 

Salmonella typhimurum 2.7 2 to 3 5 3 to 6 

Staphylococcus aureus . 2 to 3 

2 to 3 2 to 3 133 

Campylobacter 1.2 

Shelf Life at 4C 23 to >35 days 

Shelf life at 5C - - - > 42 days 

A range of results indicates variability obtained between the five replicates tested.  
Two results shown under the same process conditions are the results of replicate trials.  

Not tested 

[0040] It will be appreciated by those skilled in the art that the above described 

embodiment is merely one example of how the inventive concept can be 

implemented. It will be understood that other embodiments may be conceived that, 

while differing in their detail, nevertheless fall within the same inventive concept and 

represent the same invention.



9 

Claims 

1. A process for reducing the level of active spoilage and pathogenic micro

organisms in an untreated dairy product, the process comprising the steps of: 

a. applying a source of high hydrostatic pressure of at least 5200 Bar to the 

untreated dairy product for a first period of time; 

b. removing the source of pressure from the dairy product; 

c. reapplying the source of pressure to the dairy product for a second period 

of time; and 

d. optionally repeating steps (a) to (c) to produce a treated dairy product, 

wherein there is no initial heat pasteurisation step of said untreated dairy 

product.  

2. A process according to claim 1 wherein the maximum hydrostatic pressure applied 

is 5500 Bar or greater.  

3. A process according to claim 1 wherein the maximum hydrostatic pressure 

applied is 5800 Bar or greater.  

4. A process according to claim 1 wherein the maximum hydrostatic pressure 

applied is 6000 Bar or greater.  

5. A process according to any one of the preceding claims, wherein said first period 

of time is between 60 and 120 seconds.  

6. A process according to any one of the preceding claims, wherein said first period 

of time is about 90 seconds.  

7. A process according to any one of the preceding claims, wherein said second 

period of time is between 60 and 150 seconds.  

8. A process according to any one of the preceding claims, wherein said second 

period of time is about 120 seconds.
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9. A process according to any one of the preceding claims, wherein the source of 

pressure is removed for a time period of between 1 to 10 seconds.  

10. A process according to any one of the preceding claims, wherein the source of 

pressure is removed for about 5 seconds.  

11. A process according to any one of the preceding claims, wherein the untreated 

dairy product is raw milk.  

12. A process according to any one of claims 1 to 11 wherein the treated dairy 

product has a shelf life of greater than 40 days at 5'C.  

13. A process according to any one of claims 1 to 11 wherein the treated dairy 

product has a >6 log1o reduction of both E. Coli and L. Monocytogenes.  

14. A process according to any one of claims 1 to 11 wherein the treated dairy 

product has a >4.3 log1o reduction of S. Typhimurium.  

15. Use of a process according to any one of the preceding claims, for the 

production of a treated dairy product.  

16. A treated dairy product produced by a process according to any one of claims 1 

to 14.  

17. A treated dairy product according to claim 16 wherein said product has a shelf 

life of greater than 40 days at 5oC.  

18. A treated dairy product according to claim 16 wherein said product has a shelf 

life of greater than 42 days at 5'C.  

19. A treated dairy product according to any one of claims 16 to 18 having a >6 log1o 

reduction of both E. Coli and L. Monocytogenes.  

20. A treated dairy product according to any one of claims 16 to 19 having a >4.3 

loglo reduction of S. Typhimurium.
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