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Development of outcome-based and effective regulatory 
measures to minimise Verocytotoxin producing Escherichia 
coli contamination in fermented sausages
Hong Jin and Amanda Hill
Food Standards Australia New Zealand, Canberra, ACT, 2610, Australia

Introduction
Uncooked comminuted fermented meat (UCFM) if contaminated by verocytotoxin producing 
Escherichia coli (VTEC), poses a significant public health risk to consumers. In response to a 
large scale outbreak of human illness caused by consumption of VTEC contaminated UCFM, the 
Australia government introduced in 1996 a processing requirement that requires a 99.9% or more 
reduction of E. coli (3-log10

 reduction) during UCFM production to minimize VTEC contamination. 
Difficulties associated with its implementation prompted a review of the efficacy of this regulatory 
requirement. As a result of the review, outcome based regulatory measures and implementation 
tools were developed to replace the 3-log10

 reduction requirement. This poster reports the research 
behind the review and the development of outcome-based and effective regulatory measures to 
minimize VTEC contamination in UCFM. 

Methods
Efficacy of a processing requirement of 3-log

10
 reduction of E. coli in manufacturing UCFM 

was assessed using an Excel based predictive model developed by the University of 
Tasmania. Temperature and time parameters applied to the predictive model were collected 
from Australian UCFM producers. Food safety outcome-based regulatory measures to 
minimise VTEC contamination in UCFM were developed based on the outcomes of a semi-
quantitative microbiological risk assessment, close consultation with the Australian UCFM 
sector and enforcement authorities, and a regulatory impact analysis. Tools to facilitate effective 
implementation of the outcome based regulatory measures were developed with the assistance 
of a national expert advisory panel on UCFM safety.

Results 1 
Efficacy of the 3-log10 reduction requirement 

E. coli log10 reductions achievable by Australian UCFM production protocols

More than 50% of the Australian UCFM production protocols assessed using the predictive 
model failed to reach 3-log

10
 reduction of E. coli. The highest reduction achievable was 9.08, 

and the lowest was 0.13. Additional efficacy issues identified included

•	 the	applicability	of	3-log
10

 reduction of E. coli in situations of excessively high numbers of 
VETC or absence of VTEC contamination

•	 Availability	of	reliable	verification	tools.

Results 2A
Establishing the dose response correlation

                        Reported estimates of VTEC threshold leading to illnesses 

Results 2B
Identifying susceptible population groups

•	 The	1994	Washington	and	California	outbreak	due	to	consumption	of E. coli O157:H7 
contaminated	dry-cured	salami	affected	24	people.	All	those	who	developed	HUS	were	4	
years or younger.

•	 The	1995	Australian	outbreak	due	to	consumption	of	E. coli O111:H- contaminated 
mettwurst	affected	more	than	200	people.	Of	those	22	children	developed	HUS,	a	
4-years-old	died,	and	four	aged	people	developed	TTP.

•	 In	the	1996	Central	Scotland	outbreak	due	to	consumption	of	E. coli O157:H7 
contaminated food, 12 out of the 18 deaths were people aged between 69 and 93 years.

	 (HUS	-	haemolytic	uraemic	syndrome;	TTP	-	thrombotic	thrombocytopenic	purpura)

Results 2C
Assessing VTEC contamination in UCFM

Results 2D
Findings of the microbiological risk assessment

The microbiological risk assessment identified that:

•	 VTEC	infectious	dose	is	low	and	ingestion	of	as	little	as	1	organism	could	result	in	severe	
adverse	health	consequences	in	susceptible	individuals;

•	 young	children	and	the	frail	elderly	are	more	susceptible	 
to the development of complications resulting  
from VTEC infection than the  
rest of the  

population, and children under the age of 6 are likely to develop severe complications 
from	VTEC	infections;	and	

•	 based	on	the	available	data,	VTEC	is	likely	to	be	present	at	approximately	0.15	MPN	per	
100 grams of UCFM in approximately 7.2% of the UCFM manufactured in Australia at the 
time of assessment. 

The microbiological risk assessment provided the scientific basis for the identification and 
development of effective and outcome based regulatory measures to minimize VTEC 
contamination in UCFM.

Results 3
Development of outcome-based regulatory measures

The risk management decision-making took into consideration of:

•	 the	HACCP	based	food	safety	system	had	been	introduced	into	the	Australian	UCFM	
sector on the voluntary basis since 1998, and therefore mandatory requirement of 
HACCP	based	food	safety	program	for	the	sector	would	impose	minimal	compliance	
cost;

•	 the	inability	of	compliance	by	UCFM	producers	on	the	requirement	of	3-log10
 reduction 

of E. coli, and the inability of auditors verification of compliance by the enforcement 
authorities.

Results 4
Tools to assist implementation of outcome-based regulatory measures

To	assist	the	implementation	of	HACCP	based	food	safety	programs	and	to	raise	the	overall	
level of skills and knowledge on food safety of the UCFM sector, two implementation tools 
have been developed as part of the development of the revised regulatory measures.  
One is a Protocol	for	Assessing	HACCP-Based	Food	Safety	Programs	in	the	UCFM	Sector. 
The protocol has since been used by the UCFM industry to measure compliance against 
the	regulatory	requirement	of	implementation	of	HACCP-based	food	safety	programs.	
Enforcement authorities have taken up the protocol to assess industry compliance against 
the regulatory requirement. The second tool is a set of Competency Criteria for UCFM 
Manufacturers on food safety skill and knowledge. The competency criteria developed have 
subsequently been incorporated into an industry training subject designed specifically for 
people who are involved in producing UCFM and for those who intend to enter the sector. 
The subject is available nationwide through the technical and further education institutes in 
Australia.

Conclusion
Critical production parameters such as time and temperature of food production processes, 
and appropriate tools such as a predictive model of E. coli inactivation, when available, allows 
objective assessment of processing requirements based on log reductions of pathogens.  
The development of appropriate validation and verification tools is important for implementation 
of outcome-based food safety requirements.

Assumption and Criteria
Estimation of VTEC population in UCFM 

– from raw beef to end product

8 E. coli per gram of boneless box beef (a mean value 
from an extensive Australian survey) and 0.28 log 
increase due to meat transportation (a mean value 

from an Australian survey)

Convert 8 E. coli	per	gram	to	0.90	log	unit;	plus	
transportation	resulted	increase	of	0.28	log;	E. coli per 

gram of meat at the  production site is then: (0.9 + 
0.28) log unit per gram

1% is assumed as the highest VTEC contamination 
in a generic E. coli population (a combination of 

published data and expert opinion) and assuming 
all the lean meat used for making UCFM products is 
beef, which is approximately 75% of all the ingoing 

ingredients (expert opinion) 

Convert E. coli	to	VTEC;	VTEC	per	100	grams	of	
UCFM batter is expressed as: 10(0.90+0.28) x 1% x 100 g 

x 75% per 100 gram

2-log10 reduction of E. coli numbers and 28% 
weight loss as a result of UCFM production (median 

parameters of UCFM production processes in 
Australia)

With	2-log	reduction	and	28%	weight	loss,	VTEC	
contamination at the end of production is:

{[10(0.90+0.28) x 1% x 100 x 75%] / 102} x 1/(1-28%) = 
0.15 VTEC per 100 grams of UCFM product

The 3-log10 reduction requirement Revised regulatory requirement 

The process of fermentation and any other 
subsequent processes must reduce prior to sale 
from the processing factory by 99.9% or greater 

the number of Escherichia coli organisms potentially 
present in a fermented comminuted meat product 

which has not been cooked.

A UCFM must be produced in accordance with a 
(validated) food safety program which –

(a) has been verified and audited to ensure the 

number of Escherichia coli organisms in the final 

UCFM	comply	with	the	following	limits;	and

(b) demonstrates that the production process 

handles the variations of Escherichia coli 

contamination in the ingoing raw meat 

ingredients.

A UCFM may be sold where it is produced using an 
alternative technology or method specified elsewhere 
in	the	(Australia	New	Zealand	Food	Standards)	Code,	
provided that the equivalent food safety outcome in 
the above subclause is achieved. 

Date of 
assessment

No of protocols 
assessed

> 3 log10 2 to < 3 log10 < 2 log10

April 2002 96 19% 31% 50%

July 2002 53 47% 11% 42%

September	2002 27 44% 15% 41%

September	2003
7  

(resubmitted 
protocols)

19% 31% 50%

n C m M

Escherichia coli/g 5 1 3.6 9.2
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