
Cold tolerance of bacterial strains in ground veal

Background

The bacterium Escherichia coli lives in the intestines of many animals including humans.
Most strains of E. coli are harmless, but some cause illness and can contaminate food.
Ground meat, such as beef or veal, may have some level of bacterial contamination, despite
careful procedures to eliminate bacteria during the slaughter and meat production process.

In this study, several different strains of E. coli are inoculated into bags containing 25
grams of ground veal. The bags are stored in an incubator at 10 ◦C. At multiple time points
over a period of five days, some of the bags are emptied, mechanically digested, diluted in
a prepared solution, and plated on a substance that promotes bacterial growth. After some
time, the number of bacterial colonies on the plate is counted. Each colony represents the
growth from a single sampled viable bacterium.

The primary scientific questions are the following:

1. Are there differences between the strains of E. coli in their tolerance to a cool temper-
ature?

2. How do bacterial concentrations in ground veal at 10 ◦C change over time?

Currently, food safety regulations are based on strain O157:H7. There is a proposal to
strengthen regulations to include testing for each of six different strains known to cause
human illness. Is strain O157 representative among the group of strains of E. coli in this
study in their tolerance to cold? The study contains additional strains beyond the six that
are part of the proposed change in regulations.

Other questions to address:

1. Does the week in which the measurements were taken affect the results?

2. Are there substantial differences among replicates?

3. What is the measurement uncertainty associated with each measurement? Note that
the scientists choose a dilution so that the counts are in the range from 30–300. If the
count is less than 30, there is thought to be too much statistical variation. If the count
is more than 300, there is too much risk that colonies may not be distinguishable from
one another and the counts could be inaccurate.

This is the laboratory process for a single trial and a single strain. Each strain has
multiple trials.

1. DAY −1: Pick one isolated colony from the working culture plate and inoculate in
BHIB (9 ml), incubate 24 hours at 37 ◦C. This stock solution should be about 9 log
CFU/ml, a very high concentration.

2. DAY 0: Dilute 1ml of the stock (log 9 culture) with 9 ml BHIB blank; vortex at 1500
for 10 sec — this is the dilution stock. Repeat 3 more times. This is the inoculum.
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(a) Pipet 1 ml into each of 8 bags (25 grams) of ground veal. Massage to mix the
inoculum into the meat. Smooth to thin the packets of meat.

(b) Incubate Day 1–5 samples in 10 ◦C incubator.

(c) Plate 0.1 ml of the Day 0 (time 0) sample.

3. At every sampling point (18, 24, 36, 48, 72, 96, and 120 hours), remove one bag from
the incubator, wipe the outside with alcohol, evert the bag and stomach for 60 seconds.
Prepare dilutions in Butterfield’s Phosphate and plate 0.1 ml on MEMB+BS.

4. Count the number of colonies that grow on the plate and record the counts.

These raw counts of bacterial colonies are converted to units of log (base 10) colony
forming units (CFU) per gram by the formula

log CFU = log10

(
number of CFU

total dilution

)
where the total dilution is the product of the dilution factor and the aliquot size. For this
protocol, the scientist calculates the dilution factor as 26/125 as the inoculated veal weighs
26 grams (25 grams of veal plus one gram of inoculate as 1ml of water weighs one gram).
The aliquot size is 0.1 ml. Hence, the CFU per gram in the bag at the time of measurement
is estimated as the count times 1250/26.

Study Design

The experiment included 18 different strains of E. coli. Each strain was replicated from two
to four times. The experiment for a single replicate occured within a single week. Multiple
strains could be tested the same week, but no strain was replicated more than once during
the same week.

For each replicate, the bacteria was added to 8 bags of ground veal. One of the bags
was measured immediately. The remaining 7 were incubated at 10 ◦C and were sampled 18,
24, 36, 48, 72, 96, and 120 hours later. The contents of each bag was diluted and plated,
resulting in a measure of the log bacterial concentration as described above.

Data

The data set contains the results from 394 measurements. There is some missing data. The
variables are:

• strain, a label for the 18 different E. coli strains;

• time, the hours after inoculation that the measurement begins;

• trial, number for the replicate, by strain;

• week, the week (from 2–8) during which the measurements were made;

• count, the raw count of the number of colonies; and

• logCFU, the measured log 10 colony forming units per gram in each bag.
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