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Dear ,
 
Thank you for your information request of  6th June 2016.  Aberdeen City Council
(ACC) has completed the necessary search for the information requested.
 
I have repeated your request below for ease of reference.
 
Please could you send me a copy of the scientific assessment undertaken by the
University of Aberdeen into the challenge testing carried by Byrons.
 
Please find attached a copy of the requested report.
 
 
 
Yours sincerely,
 
 
Nicky Leiper
Information Compliance Officer
 
INFORMATION ABOUT THE HANDLING OF YOUR REQUEST
 
ACC handled your request for information in accordance with the provisions of the
Freedom of Information (Scotland) Act 2002. Please refer to the attached PDF for more
information about your rights under FOISA.
 
Information Compliance Team
Communications and Promotion
Office of Chief Executive
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Room 1-24
Town House
Broad Street
ABERDEEN AB10 1AQ

foienquiries@aberdeencity.gov.uk 
01224 523827/523602

Tel 03000 200 292
 
*03000 numbers are free to call if you have ‘free minutes’ included in your mobile call
plan.
Calls from BT landlines will be charged at the local call rate of 10.24p per minute (the
same as 01224s).
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Final Report: Preparation and cooking of beef-burgers 

Author: Norval Strachan 

 

Background 

 

There are a number of restaurants in the UK that serve beef-burgers that are served rare or medium. 

The apparent reason being that there are some people who consider these to be of higher quality 

(e.g. succulence and taste). However, lightly or under cooking beef-burgers can lead to the risk of 

foodborne pathogens such as E. coli O157 surviving the cooking process and resulting in human 

disease, which can be severe (Cassin, Lammerding et al. 1998, Strachan, Dunn et al. 2006). 

 

The current advice from Food Standards Scotland is that beef-burgers should be cooked in line with 

the report of ACMSF (Advisory Committee for the Microbiological Safety of Foods (ACMSF 2007)) 

which states that cooking for 2 minutes at 70 °C is sufficient to ensure a 6 log10 kill of pathogens such 

as E. coli O157. An important point to note is that the ACMSF recommendations are not for an 

expected or average reduction of E. coli O157 but are values that range between the 95 and 99% 

limits of the model that was developed (ACMSF 2007). 

 

A restaurant has recently opened in Aberdeen (Byron Hamburgers Ltd.) which sells beef-burgers that 

are cooked to different extents including “medium rare”. 

 

Aberdeen City council have provided the following documents: 

 John Dyson report 8th September, 2015 with two appendices providing reports on “Survival 

of E. coli O157 in burgers during cooking performed by Leatherhead Food Research (No. 

125802 and No. 125857) and a further entitled “Report on Challenge testing with respect to 

the survival of E. coli O157 in burgers after specific core temperatures were achieved carried 

out by Leatherhead Food Research on behalf of Byron Hamburgers Ltd.” 

 Byron, Food Safety Manual v4, Nov 2015 

 Byron, Think Pink Programme 

 

The council have asked for expert opinion on the following: 

1. The appropriateness of the challenge tests that were conducted. 

2. Scientific justification for disregarding the initial challenge test. 
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3. Scientific justification for using the challenge tests to extrapolate that 65 ºC for 1 second 

provides a log reduction of 4.69. 

4. Scientific justification for including the well-cooked outer parts in the analysis and not just 

the undercooked inner portions. 

5. Other points that are of relevance to Environmental Health. 

 

 

1. The appropriateness of the challenge tests that were conducted. 

 

Appropriateness of cooking conditions 

 

Byron serve burgers at the following temperatures  according to their “Think pink” documentation 

(Byron Hamburgers Ltd 2015). 

 

Table 1 Cooking conditions for Byron burgers. 

 

Burger Type Cook Temperature Holding Time 

Medium rare 65°C 1 second 

Medium 68°C 1 second 

Medium well 72°C 1 second 

Well done/kids burgers 78°C 1 second 

 

In order to be in line with guidance from FSA and/or FSAS (ACMSF 2007) burgers should be cooked 

at 70°C for two minutes in order to achieve a 6 log10 reduction. 

 

Note the ACMSF report says at there should be a holding time of 10 minutes at 65°C, 2 minutes at 70 

°C, 30 seconds at 75°C and 6 seconds at 80°C to achieve a 6 log reduction (ACMSF 2007). So none of 

the above time-temperature combinations proposed by Byron appear to be in line with the ACMSF 

recommendations. 

 

A recent report from the FSA (Wearne 2015) for England and Wales appears to indicate that a 4 log10 

reduction is acceptable provided that validated and verified food safety management is in place. 

 

Selection of times and temperatures for the challenge tests 

 

The selection of times and temperatures for the challenge tests seems at odds with the cooking 

conditions that are recommended.  It would have made sense to conduct the challenge test for the 

times and temperatures provided in Table 1. Only 65°C and 68°C for 1 second were conducted in the 

first challenge test. This would reduce the need for any extrapolation. It would also have made sense 

to include time/temperature combinations recommended by ACMSF. This was indeed carried out for 

70°C for two minutes. 
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Challenge study protocol performed by Leatherhead Food Research 

 

The cocktail of using two strains makes sense to attempt to include variability in heat sensitivity 

between the strains. Utilising vtec negative strains (no verocytotoxin genes present) is 

understandable to avoid laboratory staff handling high concentrations of strains that are highly 

pathogenic and also so that the work can be conducted at category 2 containment level. 

 

Growth of cultures and inoculation into burgers appears to be appropriate as is the recording of 

cooking using thermocouples. Carrying out each time-temperature combination in triplicate is good 

practice. The method to enumerate the survivors is also appropriate. Inclusion of a step that allows 

for recovery of survivors (4 hours on a membrane) is likely to improve recovery. It has not been 

possible to check whether such steps were included in all of the evidence that was used for the 

ACMSF report (ACMSF 2007) and it may be that the method Leatherhead uses will increase recovery.  

 

The tables and calculation presented in both challenge studies appear to be accurate. 

 

 

2. Scientific justification for disregarding the initial challenge test. 

 

The results from the two studies are summarised in Fig. 1(a). By visual inspection of the graph it 

appears that in the second challenge test (shown in blue) achieves a higher log10 reduction for all of 

the temperatures tested except for 60°C. Hence, at first sight there appears to be some difference 

between the two challenges. Since each data point is carried out in triplicate it has been possible for 

me to calculate the 95% confidence intervals (the range of values through which 95% of the data 

occur) for each point (See Annex 1) and these are plotted in figure 1(b). 

 

Figure 1(b) illustrates that the confidence intervals between the two studies overlap between the 

three pairs of common temperatures used in both challenges (i.e. 60 ºC, 65 ºC and 70 ºC). Further, a 

statistical randomisation test was performed to determine if the two measurements for 120s at 70 

ºC were statistically different (Manly 2007). This found a P value of 0.08 which is not statistically 

significant (Note: a p-value of 0.05 or less is required for statistical significance). Hence, although the 

first study achieved lower log10 reductions for a number of the temperatures studied, it appears that 

there is not a strong reason why the second challenge study should be taken and the first ignored. 

 

A further argument that can be used to suggest that there are problems with the first challenge is 

that the ACMSF recommendations indicate that cooking of a burger for 70 ºC for 2 minutes should 

achieve a 6 log reduction with 95% probability according to the model. Although the 95% confidence 

interval from the first challenge data just reached 6 logs, the results are lower than what would be 

expected by the ACMSF criteria. 

 

To conclude, there is considerable variation in the measurements taken and so there is not a strong 

argument to discount the first challenge test. However, the first challenge test does produce a test 

result that is low when compared with the ACMSF criteria. There is a strong argument to conduct 

additional challenges to better quantify variation. 
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(a) 

 
(b) 

 
Figure 1. (a) Average log10 reductions achieved in the challenge tests carried out by Leatherhead 

Food Research. First challenge test (125802) – red, second challenge test (125857) – blue. The 

numbers next to the data points denote the holding time in seconds, (b) identical to (a) but includes 

the error bars (95% confidence intervals for each data point). 
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3. Scientific justification for using the challenge tests to extrapolate that 65 ºC for 1 second 

provides a log10 reduction of 4.69. 

 

In the report on challenge testing there is an extrapolation carried out to demonstrate that 

cooking at 65ºC provides a reduction of 4.69 log10. The argument presented is as follows. The 

second challenge test (125857) is considered in isolation. All data use the average log reductions 

at each temperature. On average the challenge test shows that at 60 ºC for 1 second the log10 

reduction is 1.15. At 63 ºC there is an additional 2.54 log10 reduction totalling 3.69. It is then 

extrapolated that there would be at least a further 1 log10 reduction if a burger was cooked to 65 

ºC for 1 second. This would provide a total of 4.69 log10 reduction. 

 

The extrapolation is made on the basis of three main assumptions: 

(i) The first challenge test can be ignored 

See comments above on this. 

(ii) Linearity 

The literature provides two examples (Boqvist, Fernstrom et al. 2015, Cassin, 

Lammerding et al. 1998) which demonstrate that the log reduction increases linearly 

with temperature (Fig. 2(a)). Note that these linear relationships are derived from an 

appropriate number of data points (19 and 30 respectively). Hence, linearity is a 

reasonable assumption. However the published gradients of the line are 0.205 log/ºC 

(Boqvist, Fernstrom et al. 2015) and 0.211 log/ºC (Cassin, Lammerding et al. 1998), 

whereas for the Leatherhead test this would be 0.718 log/ºC (Fig. 2(b)). This is 3.5 times 

greater than the literature and appears to be unrealistically high. 

(iii) Utilising average log reductions 

Fig.2(a) shows the datapoints from the second challenge (125857) in blue together with 

the 95% confidence intervals. As can be seen, these data fit within the prediction ranges 

of another study on the cooking of beefburgers (Boqvist, Fernstrom et al. 2015). Since, 

for the extrapolation, only two data points are used and the 95% CI for each of these 

two data points are approximately ±0.26 log10 and ±1.13 log10 respectively, there would 

need to be considerable caution in accepting this extrapolation. It is worth noting that it 

is unsurprising to have this amount of variation with this type of microbiological data. 

The final point to note here is that even if you take on board this extrapolation, the 

value that is obtained is for the average reduction at 65 ºC, not the 95% safety margin 

which appears to have been adopted by ACMSF. 

 

In conclusion the extrapolation is based on too few data points, does not take into account the 

variation of the data and does not seem to be in line with other published studies on E. coli O157. 
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(a) 

 
 

(b) 

 
Figure 2. (a) Regression relationship between log10 reduction of E. coli O157 and core temperature of 

beefburgers. Swedish data provides the relationship, 95% prediction intervals anda data points 

(green) (Boqvist, Fernstrom et al. 2015), whilst the North American data provides the relationship 

only (Cassin, Lammerding et al. 1998). Added to the figure are the data (held for 1 second at the 

highest temperature) and 95% confidence intervals obtained from the two challenge tests 

conducted by Leatherhead Food Research. 

(b) Provides the data from the 1 second tests carried out in the second challenge study by 

Leatherhead, together with the extrapolated point at 65 ºC (in red) and the resulting regression line. 
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4. Scientific justification for including the well cooked outer parts in the analysis and not just 

the undercooked inner portions. 

 

The determination of log10 reduction in both challenge studies involves using the whole 

burger. This therefore includes the well-cooked outer part and the undercooked inner part. 

This is acceptable since these studies determine the overall reduction in the burger. This is 

what is used as a basis for decision making by ACMSF (ACMSF 2007) and also in risk 

assessment models (Kosmider, Nally et al. 2010, Cassin, Lammerding et al. 1998). 

 

 

5. Other points that are of relevance to Environmental Health. 

 

 Commensal E. coli has a much higher prevalence in raw beef products than E. coli  O157 (e.g. 

11% compared with 0.75% (Solecki, MacRae et al. 2007)). Hence, when analysing 

medium/rare burgers for environmental health inspection purposes it is worth looking for 

this organism as well as E. coli O157. The indicator E. coli should not be present after cooking 

as it is an indicator of faecal contamination and if it is found there would be concern that E. 

coli O157 could also survive the cooking process. 

 The recent FSA documentation for England and Wales (Wearne 2015) on undercooked 

burgers stated that “local authorities should focus their enforcement activity on businesses 

that lacked a validated and verified food safety plan which delivered at least a 4 log 

reduction”. These plans can be audited but there is also the scope to check their efficacy in 

terms of microbial loads – for example of indicator organisms. Ideally, evidence presented 

by the company showing the reduction in bacterial load once a plan was brought into place 

would potentially help confirm suitability of the food safety plan. 

 Channel 4 Tricks of the Restaurant Trade Episode 1 shown 5th Jan 2016. This programme 

appears to show the serving of medium rare burgers to children aged 11 and 15 and also 

claims the finding of Listeria innocua in one of the burgers sold at these outlets. 

 

 

Further work and recommendations. 

 

 It appears that the preferred option for some burger suppliers, because of practicality, is to 

cook to a particular temperature and hold for 1 second. This being the case it would make 

sense to provide guidance to identify the temperature to achieve 6 and 4 log reductions for 

1 second respectively. ACMSF have been asked to carry out further work in this area (Anon. 

2015). 

 There is a need to explain the difference between achieving a 6 log reduction on average 

and 95% of the time. 

 In the UK with the large numbers of burgers being consumed undercooked (e.g. medium 

rare) there is a need to check for an increase in sporadic cases of E. coli O157 and if there are 

any cases that are associated with consumption of these burgers. 

 The ACMSF (ACMSF 2007) stated that “very few experimental data reported in the literature 

are currently available on the thermal inactivation of E. coli O157:H7 at or above 70 ºC.” It 



 

8 
 

may well be worth collecting additional data on cooking burgers that reach 70 ºC and 

beyond. It appears that it is more practical for companies to achieve a temperature in a 

burger, rather than holding the burger at a temperature for a period of time. It would be 

worth surveying current practice in restaurants prior to carrying out addition work. 
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Annex 1 Calculating the 95% confidence interval of the log10 reduction 

Calculating the log10 reduction requires finding the difference between the log10 of the bacteria with 

no cooking (controls) minus the log10 of bacteria after cooking (bacteria present after cooking). Since 

both the controls and the cooked burgers are done in triplicate, then the standard deviation can be 

calculated for each. To determine the standard deviation in the log reduction of each cooking event, 

first, the log bacterial numbers in the controls and the cooked burgers were described by normal 

probability distribution parameterised by their respective mean and standard deviations. Second, 

the difference between each control and “cooked” distribution was determined. This was repeated 

for 100,000 iterations using the Monte Carlo method in @RISK (version 6.2.1, Palisade Corporation). 

The resulting 95% confidence intervals were then obtained from the output distribution and plotted 

in Figure 1(b). 




