How To Keep RTE Foods Safe With High Pressure Process (HPP) Validation
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Process validation and verification are major requirements of the Food Safety Modernization Act (FSMA).  According to FSMA validation of high pressure process (HPP) used as a kill-step is required in order to make sure that the HPP treatment is at a level of effectiveness to ensure food safety objective. The hazard analysis mandated by FSMA regulations serves to identify the pathogens of significance for a specific food and its specific process or control measure.  

In the case of RTE foods, USDA/FSIS specified the regulatory requirements in 9 CFR 430.4  “Control of Listeria monocytogenes (Lm) in Post-Lethality Exposed Ready-To-Eat Products  (RTE)“.  The examples of RTE products included deli products, hotdog products, whole hams, sausages, meat salads, and other products that have been treated with a lethality step.  RTE products are of particular concern for contamination with Lm because they may support the growth of the pathogen during refrigerated storage and can be often consumed without further cooking.  Because the Lm infectious dose is thought to be low FSIS has maintained a “zero tolerance” for the pathogen in RTE products. 

HPP  is recommended by FSIS as a post-lethality treatment for RTEs. A scientifically sound validation process is a critical component in assessing the efficacy of HPP as a microbial control measure. 

Validation is defined as documented evidence that a control measure or combination of control measures, if properly implemented, it’s capable of controlling the hazard to a specified outcome. Validation is intended to answer the following questions: Are process parameters the right ones? Will they work and deliver the intended effect? Following the HPP validation of microbial efficacy, verification and monitoring procedures must be implemented to assure that the control measure is operating as intended.

Verification is defined as application of methods, procedures, tests, and other evaluations to determine whether a control measure is or has been operating as intended. 

Monitoring is the act of conducting a planned sequence of observations and/or measurements of control parameters to assess whether a control measure is under control. 

The objective of HPP process validation is to demonstrate that the critical limits of HPP process established for the given product are capable of providing the necessary microbial lethality. In the case of establishment of HPP treatment for RTEs, this means that a specific pressure (typically 600 MPa) and hold time (3 to 5 min) can be tied to a specific level of reduction of vegetative cells of pathogenic organisms. The post-lethality treatment as HPP must be validated according to 9 CFR 417.4 and 430.4 as being effective in eliminating or reducing Lm.

According to FSIS, if the HPP is validated to achieve at least a 5-log reduction of Lm and other pathogens of concern (e.g., E. coli O157:H7 and Salmonella), the process would be considered to achieve full lethality and the product would not be considered to be post-lethality exposed. Otherwise, the validation should demonstrate at least a 1-log reduction of Lm before the product leaves the establishment unless the post lethality treatment is being used to treat contaminated product.

Specified “critical processing parameters” for HPP treatment of foods by the regulatory agencies include the following: 

· Target process pressure 
· Time at target pressure 
· Time to achieve target pressure or come up time (CUT)
· Decompression time or come down time (CDT) 
· Initial temperature of the product 
· Initial temperature of the pressurization fluid
· Product pH
· Product water activity 

The effects of HPP process parameters on process lethality as reported in literature are summarized in Table. Any change in these parameters following validation may require revalidation.

When validating lethal treatments, the product formulation and the treatment parameters within the typical range that are most likely to result in survival should be used.  HPP process has to be defined for every type of product  treated. Given the variety and combinations of critical operational parameters, establishments may evaluate factors such as pH, water activity, composition, and preservatives to determine if these are critical factors for a specific food. For example, it should be considered that lower water activity can protect L. monocytogenes against HPP.

Summary of effects of process parameters on microbial efficacy of HPP  

	HPP process parameter
	Range

in min
	Effect on Lethality Reported
	Facility to Control Parameter in Processing
	Research Performed


	Come Up time, 
Come Down time
Holding time,
	2-3
0.3 – 0.4

3-5
	Yes
Yes

Yes
	No
No

Yes
	Limited

Yes

	
Process time
CUT+HT+CD, min
	
5 and  >
	
Yes
	
Yes
	
Yes

	Process pressure, MPa
	400-600
	Yes
	Yes and No
	Yes


	Initial temperature, oC
	4-20
	No
	Yes
	Reports of initial temperature
No effect

	Process temperature, oC
	20-50
	Yes
	Yes
	Available

	Product temperature, oC
	4 -30
	No
	No
	No




Once validation criteria are established, the approach to demonstrate that the control measure is capable to deliver the desired outcome must be selected. This includes 

1. References to scientific or technical literature, previous validation studies or historical knowledge. Published research may be used as a reference for validation provided the critical parameters used in the study (e.g., product type or size, product parameters including pH, water activity, and composition, the type of equipment, time, temperature, pressure and other variables) match the product or process used by the establishment.

2. Scientifically valid experimental data that demonstrate adequacy or Microbiological Challenge Testing. The guidance on experimental design for challenge test studies on how to assess the efficacy of lethality treatments for L. monocytogenes in RTE foods is recommended by Health Canada and available on the website.

3. Collection of data during operating conditions 

4. Mathematical modeling 

To account for a variation in growth and survival among strains of L. monocytogenes, challenge studies should generally be conducted with a pool (i.e., cocktail) of at least three to five different strains. Many of the organisms that are considered suitable for challenge testing have been carefully characterized and made available in international culture collections (ATCC and ILSI) from where they should be obtained. Microbiological challenge testing using surrogate organisms is widely used for the process validation. The surrogate being used should demonstrate growth and resistance characteristics equal to or greater than that of L. monocytogenes. Listeria innocua can be used as a surrogate for L. monocytogenes. 

Another important component of HPP validation is packaging. Packaging is a vital factor for any preservation method to be successful since it protects the food products from recontamination during processing and adverse environmental conditions during storage.  Any damage or alteration in the package or packaging materials during HPP can potentially cause the loss of its hermetical properties. Therefore quality, safety and shelf life of the food product can be adversely affected. Barrier, mechanical and mass transfer properties (sorption and migration) of the package must be resistant to the changes occurring during the process.  In general, most of the flexible packaging materials used in the food industry show reasonably good compatibility with HPP when there is no severe heat contribution.

The success of HPP implementation by a large number of companies has been demonstrated that HPP is an effective food safety measure that can be applied to RTE meals to mitigate risk of L. monocytogenes contamination. 
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