
I am delighted to talk with you about some work that we have been doing at the 
University of Wisconsin-Madison for the last few years.  It seems that every time I 
have the chance to talk about this work, we are able to gain greater insight into how 
the work that we are doing might be used to inform practice at retail 
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Let’s think about the definition for Potentially Hazardous Foods (time/temperature 
control for safety foods) in the FDA Model Food Code. Table B of the definition, which 
describes the interaction between pH and aw for control of vegetative cells and 
spores in food, we find that most natural cheeses would be declared 
time/temperature control for safety foods due to their relatively high pH and high 
water activity 
 
It is my understanding, therefore, that cheese, like other TCS foods, can be placed out 
of refrigeration for up to 6 hours at up to 70 F after which time the cheese must be 
discarded. 
 
For any time/temperature control for safety food, including cheese, extended storage 
out of refrigeration would require a product assessment to ensure that the growth or 
toxin formation of pathogenic microorganisms is NOT reasonably likely to occur. 
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When applying the Food Code criteria, the ability to display many cheeses at room 
temperature is limited, even though many people in the cheese industry and cheese 
connoisseurs will tell you room temperature storage enhances cheese flavor and 
aroma. 
 
It has also been suggested that the biochemical changes that occur during cheese 
ripening create an environment hostile for pathogen growth and that 
time/temperature control of some cheeses is primarily needed to maintain the 
organoleptic quality of cheese, to prevent oiling off, and not to maintain safety.  
 
The project that I am going to describe to you today  has been to look at existing data 
and to perform our own research in order to develop a decision-making framework 
that could be used at retail for evaluating extended room temperature storage of 
natural cheeses. 
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We performed a comprehensive search of the published literature and combined our 
data with published data build a comprehensive database of pathogen survival on 
cheese as a post-processing contaminant. We focused on Staph, Listeria, Salmonella 
and E. coli O157:H7 and pathogen survival post-processing.  
 
Across all the available literature and all the cheeses tested, a total of 19 cheeses 
supported growth of at least one type of pathogen, with Staph aureus exhibiting the 
greatest growth potential. This growth was noted in our study, with Staph growth of 
up to 3.0 logs over 15 days storage at 77°F. 
 
The ability of any one of the 4 pathogens to grow on cheese during storage was 
modelled using predictive equations which took onto account  intrinsic factors such as 
pH and % salt in the moisture phase, a SMP – a standard industry measurement. In 
some cases, water activity was measured in our lab, or in other research.  
 
Data are represented on this slide. What this table allows us to do is to look across all 
cheeses which supported pathogen growth and to begin to evaluate the intrinsic 
factors such as %SMP, water activity, and pH and to look at the impact that these 
factors have on pathogen growth on cheese.  
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We plotted the variables salt-in-the-moisture phase against pH across all cheeses in 
published studies.  We included the work published from our lab as well as the work 
of Genigeorgis and other researchers. We also included work in our lab which 
validated our initial results. 
 
All these data are shown here. Cheeses which did not support growth of any 
pathogen are marked with a blue ‘x’, cheeses which supported pathogen growth in 
our initially published work, and in the work done in other labs, are noted in red 
triangles. Our validation trials in which growth of Listeria and Staph was confirmed on 
certain market cheeses, those data are marked by black triangles.  
 
What you will notice is that there are boundaries for these variables of pH and %SMP 
which divide cheeses into 3 categories. Those cheeses which clearly support 
pathogen growth (red triangles only) – these cheeses must be kept refrigerated, 
labeled here with a stop sign.  Those chesses which, because of the combination of 
pH and %SMP clearly do not support pathogen growth (blue x’s only) – these cheeses 
can be safely stored at room temperature, labeled here with a ‘go’ sign. And then 
there is a region in which caution is urged – the combination of pH and %SMP will, for 
some cheeses support pathogen growth (red or black triangles), while other cheeses 
in this same region will not (blue x’s). Cheeses in this region would need a product 
assessment to evaluate extended room temperature storage.  
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Here we looked at pH and %moisture as factors on which to base a decision of 
safe/unsafe/unknown 
 
Solid lines depict the boundaries with data from 97 trials.  What we are looking for 
here are boundaries which are as clear as possible between growth and no growth 
(unsafe/safe). This will allow us to make the correct prediction of ‘growth’ when 
indeed growth would occur vs the correct prediction of ‘no growth’ when growth 
would not occur.  Where there is overlap, data would have to be consulted or a 
product assessment done. 
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Solid lines depict boundaries – data from 85 trials. 
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Solid lines depict boundaries – data from 116  trials. 
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Here I have presented all 3 graphs together so that you can see them in context with 
each other.  Again, our goal is to discern where we can most clearly set the 
boundaries between safe/unsafe.  
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