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How do you know if your process is e�ective against pathogens? In this case
study, see how the Silliker® Food Science Center setup a study to observe the
thermal resistance of Enterococcus faecium NRRL B-2354, Escherichia coli, and
Salmonella in Chocolate Chip Cookies at Three Moisture Levels.

ABSTRACT
This study investigated the thermal death
time characteristics of E. coli, Salmonella
and E. faecium in chocolate chip cookies
at three moisture levels.

Wheat flour was inoculated with freeze
dried E. faecium, a cocktail of E. coli, or
Salmonella at approximately 7 log CFU/g,
and acclimated at 25°C for 24 h.
Inoculated flour was combined with
other ingredients to achieve target
moistures. Samples were dispensed in to
pouches, vacuum sealed, exposed to 65
to 85°C and pulled at predetermined
intervals. Surviving organisms were
counted, averaged, then transformed to
log CFU/g.

The dough moistures were 7.86% (aw
0.647), 12.10% (aw 0.765), and 17.10% (aw
0.796). E. faecium was the most heat
resistant, followed by Salmonella and E.
coli. E. faecium was at least three times
more heat resistant compared to
Salmonella under the same moisture and
temperature condition. The E. faecium to
Salmonella ratio was larger at higher

moisture levels. Salmonella D values at
70, 75, and 80°C for 17.10% cookie
moisture were 2.36, 0.90, 0.48 min,
respectively, while the D values at 75, 80
and 85°C for 12.10% moisture were 1.17,
0.78, and 0.44 min, respectively, and for
7.86% moisture were 2.39, 1.07, and 0.48
min, respectively.
Salmonella resistance increased as
cookie moisture level decreased. Thermal
resistance data showed that E. faecium
would be a suitable surrogate for
in-plant validation studies of chocolate
chip cookies during baking. This data can
be used as a scientific basis for thermal
validation of similar soft cookies with
similar moisture.

RESULTS AND DISCUSSION
E. faecium NRRL B-2354 was significantly
more heat resistant compared to E. coli
and Salmonella. Salmonella was more
heat resistant than E. coli. E. faecium
NRRL B-2354 can be used as the
validated surrogate for Salmonella for
in-plant studies. This data can be used
as a scientific basis for validation of
similar cookie products.
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