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Microbiological Safety Concerns in the Milling and 
Baking Industry 
 
Although it is generally agreed that flour and bakery products are microbiologically safe foods 1-4, the growing 
attention on food safety has resulted in increased demands for microbiological specifications on flour and bakery 
products, which has challenged many flour mills and bakeries. This technical bulletin summarizes the major 
microbiological indicators, the sources of contamination and the control measures used in both the milling and 
baking industry.  
 
Microbiological Indicators 
 
The most common microbiological indicators in flour and baked products are total aerobic count (often referred to 
as total plate count), coliform/enteric bacteria count, and yeasts and mould counts. 
• Total aerobic count refers to a total count of microbe colonies growing on the media plate from the sample.  
• Coliform or enteric bacteria count is a subset of the total aerobic microbe colony count and is often used as 

an indicator of direct or indirect fecal contamination.  
• Yeasts and mould counts are not included in total aerobic counts although they are also often subject to 

maximum tolerances. Their main relation to food safety is the potential to produce mycotoxins which are 
toxic compounds produced by fungi that contaminate plants. 

 
Microbial counts found in a flour mill will vary widely depending on a number of factors such as initial counts in 
the grain from crop conditions, milling practices, post-milling handling, moisture content of flour and storage 
conditions. Typical microbiological counts in flour are 1.5×104 for total aerobic count; 200 count for coliforms; 120 
count for yeasts and 800 count for moulds 5.  Significant correlations have been observed between all microbial 
indicators and some quality criteria (e.g. test weight) and grading factors (e.g. wheat grade number, vitreous 
kernel content) 6. A weak but significant correlation has also been reported between the total plate count and the 
moisture content of grain. Typical microbial counts for dough and baked products are given in Table 1. 
 

Table 1. Microbial criteria for chilled and frozen dough and baked products (cfu/g)7

Micro-organism Chilled and Frozen Dough Baked Products 
Total aerobic count 102 – 106 101 – 103

Coliforms 101 – 102 0 – 102

Yeasts 105 – 106 101 – 103

Moulds 102 – 104 101 – 103

 
 
Sources of Contamination 
 
The baking process effectively eliminates the safety risk of microbial populations present in flour; however, to 
maintain acceptable levels in the flour during the milling process, other contributing factors prior to milling must 
be evaluated for their effectiveness in reducing counts.  
 
Vegetative bacteria, including pathogens, moulds and viruses, are readily destroyed during baking, but post-
baking contamination from air, equipment and handlers can occur 7-9. A freshly baked product is essentially 
sterile2, 4, but certain spore-forming bacteria can survive the baking process and can grow to levels of concern if 
packing and storage conditions favour growth 9. 
 
Many ingredients other than flour pose a greater microbiological safety risk in the bakery. Ingredients containing 
meat, egg or dairy products such as fresh and synthetic creams, custards and icings (interface between icing 
and baked product) are the most likely sources of serious food safety hazards. Other ingredients added after 
baking, such as spices, nuts and fruit toppings or fillings, may also be a potential source of contamination. 
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Modified atmosphere packaging (MAP) appears to be another area of concern for the health risk of baked 
products, although little data presently exists regarding the safety of baked products packaged with this 
technology 9. MAP is used to extend the shelf life of baked products stored at ambient or refrigeration 
temperatures 3.  This technology, however, may pose serious problems when used with high moisture products 
such as crumpets, as the higher water activity can lead to certain pathogenic anerobic microbial growth at 
ambient temperatures. 
 
According to the Canadian Food Inspection Agency (CFIA) 10, baked products do not pose a health risk unless 
they have cream or meat fillings. Food safety issues associated with microbiological contamination of unfilled 
baked products have not been observed over the last two decades. Rope (spoilage due to B. subtilis) was 
occasionally encountered in the past and today mould is only rarely observed. Of almost 700 food recall notices 
posted by the CFIA over the last five years, about 50 involved baked products (crackers, cookies, cakes, breads) 
or dough. All except two were due to undeclared allergens (soy, peanut, nuts, egg, milk, gluten/wheat) – a health 
risk related to food labeling. The remaining two recalls were caused by chemical contamination (cakes) and 
packaging technology (MAP of flat bread products). No recalls of baked products contaminated by pathogenic 
(or non-pathogenic micro-organisms) was reported in this time period. 
 
Control Measures 
 
Control measures to minimize the presence of moulds and mycotoxins should be implemented at the grain 
handling, transportation, storage and milling stages. Once at the bakery, control measures will include proper 
flour storage, good manufacturing practices (GMP), process control (e.g. proper cooling prior to packaging ) and 
the use of antimycotics (e.g. propionates). 
 
Post-baking contamination can be controlled with proper GMP (e.g. sanitation, employee training). Newer 
technologies such as MAP can be employed to increase shelf life stability. Industrial bakeries are well equipped 
to minimize risks, while there may be greater potential for hazards in smaller bakeries. Similarly, higher risks will 
occur in tropical countries as opposed to temperate ones due to climate conditions. 
 
We are unaware of any report comparing overall microbial load in wheat and its relationship to quality 
parameters. This limits our ability to provide solid technical evidence to wheat buyers of acceptable limits of 
bacteria, yeasts and moulds, until additional data can be compiled. Such data will help to (i) establish confidence 
in what defines normal microbial loads in wheat shipments, (ii) verify authenticity/reliability of microbial counts 
reported by the wheat buyers, (iii) identify factors contributing to high counts as reported and validated by the 
wheat buyers, and (iv) evaluate the relative contribution of wheat to the health hazard risk associated with baked 
products. 
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