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ABSTRACT

Farm milk consumption is reported to be inversely
related to the development of asthma and atopy in
children and it has been hypothesized that microorgan-
isms in milk might contribute to this protective effect.
The GABRIEL study was designed to investigate this
hypothesis in a large population of European children,
calling for a rapid alternative to classical culture tech-
niques to determine bacteriological properties of milk
samples. One objective was to evaluate 2 different rapid
methods to determine bacteriological properties in a
large number of cow milk samples collected under field
conditions. BactoScan (Foss Analytical, Hillergd, Den-
mark), an automated standard flow cytometric method
utilized for routine testing of milk quality, and TEMPO
(bioMérieux, Marcy I'Etoile, France), an automated
most-probable-number method, were used to assess
the total viable bacterial count in farm and commer-
cial milk samples. Both methods were compared with
standard plate count method and each other. Measure-
ments based on the TEMPO method were in good
agreement with the standard plate count method and
showed reliable results, whereas BactoScan results did
not correlate with standard plate count measurements
and yielded higher bacteria counts in heat-treated milk
samples compared with raw milk samples. Most likely,
these discrepant results were due to inferences with
staining reactions and detection of bacteria in heat-
treated milk samples. We conclude that, in contrast
to the routinely used BactoScan method, the TEMPO
method is an inexpensive and rapid alternative to stan-
dard culture methods suitable to assess total bacterial
counts in processed and raw milk samples.
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Short Communication

Previous epidemiological studies have shown that
consumption of farm milk is associated with less child-
hood asthma and atopy (Riedler et al., 2001; Waser
et al., 2007; Loss et al., 2011). The hygiene-hypothesis
states that infections or microbial exposure in early
childhood decrease the risk for allergy development
(Strachan, 1989). The microbial load of unpasteurized
milk thus offers a possible explanation for the protec-
tive effect of farm milk (Perkin and Strachan, 2006). To
establish valid associations of environmental exposures
and health outcomes, large numbers of samples are
required. The standardized classical culture method is
regarded as the gold standard to determine microbio-
logical properties of foods. However, a serious drawback
is that it is laborious and time consuming to perform.
During recent decades, several rapid methods have
been developed, reducing the time, and thus cost, to
obtain a microbiological test result. However, it remains
a challenge to choose the ideal method for the user’s
practical context. Although molecular, immunological,
and microscopic methods are automatable, rapid, less
labor-intensive, and show better reproducibility com-
pared with conventional methods, they require high
investment for equipment and materials (Jasson et al.,
2010).

The GABRIEL study (Multidisciplinary Study to
Identify the Genetic and Environmental Causes of
Asthma in the European Community) used 2 differ-
ent rapid methods to analyze the total viable bacte-
rial count (TVC) of milk samples that were collected
at participants’ homes during a field visit. BactoScan
(Foss Analytical, Hillersd, Denmark) is a rapid flow
cytometry system that is utilized in routine testing
of bacteriological quality of milk where bacteria are
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stained with ethidium bromide and their optical char-
acteristics are quantitatively measured by a focused
light beam (Suhren and Walte, 1998; Jasson et al.,
2010). The ready-to-use TEMPO system (bioMérieux,
Marcy I'Etoile, France) is a modified culture method
that makes use of vials with culture medium specific
to the test and cards simulating the most-probable-
number method. It is based on an automated system
that reduces workload and number of manipulations
without the necessity of a full laboratory infrastructure
(Torlak et al., 2008; Jasson et al., 2010). The aim of
this communication is to compare the flow cytometry
and the automated most-probable-number method to
standard plate count measurements and to each other,
and to suggest the most appropriate rapid method to
measure the TVC in this epidemiological setting.

The cross-sectional GABRIEL study was conducted
in rural areas in Germany, Switzerland, Austria, and
Poland. Environmental samples were taken from a
stratified random subsample of 895 Bavarian partici-
pants, and milk samples were collected in 2 periods of
the year [October to December (n = 543) and April to
August (n = 744); Genuneit et al., 2011]. During a field
visit at the participants’ homes, trained field workers
collected 9 aliquots of cow’s milk (6 x 45 mL and 3 x
20 mL per visit) as it was consumed by the child. Chil-
dren consumed either boiled or unboiled milk directly
from a farm or pasteurized or UHT commercial milk.
Samples were transported on ice and frozen at —18°C
immediately after arriving at the laboratory. The TVC
was assessed in 1,287 milk samples by flow cytometry
(BactoScan) and by the TEMPO method (detection
limit = 1 cfu/mL) using TEMPO TVC (total viable
count). For validation of the rapid methods, the viable
count of every tenth milk sample was also assessed by
SPC method (IDF Standard 100B; International Dairy
Federation, 1991). All microbiological measurements
were performed at the University of Natural Resources
and Life Sciences (Vienna, Austria).

The heating status of all milk samples was defined by
residual activity of the milk intrinsic enzymes alkaline
phosphatase [fluorimetric method according to EN ISO
11816-1 (ISO, 2000); lower detection limit = 10 mU /L)
and lactoperoxidase (Reflectoquant, Merck KGaA,
Darmstadt, Germany; lower detection limit = 5,000
mU/L) at the Max Rubner Institut (Kiel, Germany)
according to the EC council directive 92/46/EC. The
measurements allowed the samples to be categorized as
(1) commercial milk heated to at least 85°C (n = 986),
(2) commercial milk heated to below 85°C (pasteurized
commercial milk, n = 72), (3) farm milk heated to at
least 72°C (n = 49), and (4) raw farm milk or farm milk
heated to below 72°C (n = 180). For all analyses, staff
was blinded to all milk properties.
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Statistical analyses were performed with Stata/SE
10.1 for Windows (Stata Corp., College Station, TX),
and TVC were expressed as geometric means with 95%
confidence intervals.

Measurements using the TEMPO method were in
good agreement with bacterial counts based on standard
culture technique (Spearman rho = 0.81), whereas Bac-
toScan measurement did not correlate at all (Spearman
rho = —0.29). Figure 1A illustrates the geometric mean
levels of TVC measured with BactoScan and TEMPO
in all 1,287 milk samples according to milk type and
milk heating status. Figure 1B shows bacterial levels
measured with BactoScan, TEMPO, and SPC method
in a subsample of 95 samples that were measured by
all 3 methods. Total viable bacteria counts were high in
raw farm milks when measured by both the BactoScan
and TEMPO methods and became decreasingly lower
in heated farm milk, pasteurized commercial milk, and
high-heated commercial milk samples when measured
by SPC or the TEMPO method. Conversely, Bacto-
Scan measurements showed significantly higher levels
of total viable bacteria in heated farm and commercial
milk samples compared with raw milk levels.

The 2 rapid methods to measure TVC in milk
samples collected at study participants’ homes showed
contrasting results when compared with each other and
to the standard culture technique. Only the TEMPO
method yielded valid and appropriate results when
both raw and heat-treated milk samples were analyzed.
BactoScan was developed as an automated instrument
to assess the bacteriological quality of raw milk (Suhren
and Walte, 1998) and is widely used for routine qual-
ity control of milk (Jasson et al., 2010). In contrast
to routine raw milk quality control, the present study
aimed at analyzing milk samples as they were usually
consumed by the participating children and their fami-
lies. Thus, processed milk samples such as boiled farm
milk as well as pasteurized and UHT milk purchased
on the retail market were tested. The discrepant results
obtained by the BactoScan flow cytometry method are
most likely explained by the presence of proteins and
lipid globules in heated milk that have been reported
to bind nonspecifically to fluorescent stains and in-
terfere with staining and detection of bacteria unless
milk-clearing treatments are applied before measure-
ment (Gunasekera et al., 2000). Future epidemiological
studies aiming at detecting microorganisms in raw and
heat-treated milk need to account for this methodologi-
cal aspect.

We conclude that the automated most-probable-
number TEMPO method is an inexpensive and rapid
alternative to standard culture that is suitable for as-
sessing total bacterial counts in processed and raw milk
samples.
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Figure 1. Geometric means and 95% confidence intervals of total
viable bacterial count measured with (A) BactoScan (Foss Analytical,
Hillergd, Denmark) and TEMPO method (bioMérieux, Marcy 1'Etoile,
France) in all 1,287 commercial and farm milk samples and (B)
BactoScan, TEMPO, and plate count method in 95 commercial and
farm milk samples stratified by milk’s heating status.
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