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Problem Identification and Related Research
Cereal grains contain a wide assortment of microflora including bacteria, actinomycetes, molds
and yeasts (5).  Once harvested and stored under ideal conditions, cereals have water activities
below minimums needed for microbial growth; however, they still contain large numbers of
viable, but dormant bacteria (10).  Enteric pathogens, such as Salmonella spp. may be among this
microflora, if fecal contamination has occurred anywhere from pre-harvest through milling.
Other spore forming bacterial pathogens such as Bacillus cereus and Clostridium botulinum may
be present as well.  Nonpathogenic bacteria can present spoilage problems in milled products and
foods made from milled products.  Bread and pasta (particularly fresh pasta) are susceptible to
microbial growth during processing and storage (10).  Molds and yeasts in milled products can
also contribute to spoilage in products.  For these reasons, microbiological standards for cereals
and milled products have been deemed necessary by food processors.  However, some currently
used standards may not be practical or based on sound scientific information.
Flour from hard red spring (HRS) wheat (Triticum aestivum L.) is used to make bread.  Pasta is
usually made from semolina, the coarsely ground endosperm of durum wheat (T. turgidum var.
durum L.).  The Northern Plains produces over 90% of the HRS wheat and nearly 80% of the
durum wheat in the United States (24).
The milling industry commonly analyzes for the presence of Salmonella and Staphyloccocus
aureus and for acceptable levels of coliforms and/or Escherichia coli, molds, yeasts and aerobic
plate counts.  Some mills also test for Listeria if requested by the customer.  Mycotoxins such as
deoxynivalenol (DON) are also tested for incoming wheat and finished milled products.  The
United States Food and Drug Administration has an advisory level for DON in finished wheat
products destined for human food set at 1 :g/g (2).
Sources of information that processors might use when establishing microbial specifications
include the International Commission on Microbiological Specifications for Foods (10), the
Compendium of Methods for the Microbiological Examination of Foods (5), and the National
Research Council (19).  The Codex Alimentarius Commission standards (3) for wheat and durum
wheat (Stan 199); durum wheat, semolina and durum wheat flour (Stan 178); and wheat flour
(Stan 152) state, “shall be free from microorganisms in amounts which may represent a hazard to
health”.  The information on microbial loads in wheat and milled wheat products in these
reviews is primarily based on limited studies, the majority conducted prior to 1980.  Table 1
summarizes information found in the literature regarding microbial loads in durum wheat, milled
products and pasta.
Environmental factors and wheat production practices in the Northern Plains have changed
significantly over the last 20 years, so it is reasonable to expect that microbial populations may
have changed also.  The microbial loads in cereals can fluctuate as an effect of amounts and
timing of precipitation (22).  Weather patterns in the Northern Plains cycle through drought
conditions (26) to incidences of flooding, as during the 1990s.  Since 1993, wet growing seasons
in the Northern Plains have likely made a significant impact on the types and number of
microflora associated with harvested wheat.  One important change has been in the prevalence of
pre-harvest Fusarium mold infections in HRS and durum wheat (13).  Fusarium head blight
(FHB) is a food safety concern because the mold causing the disease is also known to produce
trichothecene mycotoxins, of which DON is the most common and abundantly produced in
North American small grains (17).  Other trichothecene mycotoxins such as 15-
acetyldeoxynivalenol (15-ADON) and nivalenol (NIV) can occasionally be detected in FHB
infected grain.




