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The hygiene process criteria for many
foodstuffs now include a test for total
viable count (TVC) and Escherichia

coli (E. coli). TVC gives a quantitative idea of
the presence of mesophilic aerobic micro-
organisms of animal origin. 
It serves as important criteria for evaluat-

ing the microbial quality of various foods and
also degree of freshness of food. E. coli is
part of the normal microflora of the gas-
trointestinal tract of mammals and birds. As
early as the 19th century, E. coli was recog-
nised as a good indicator of faecal contami-
nation. Standardised methods (for example
ISO methods) are acknowledged as the ref-
erence analytical methods for official con-
trol. 
These standardised methods are based on

traditional microbiological culture standard
methods that are widely used in food
analysis laboratories. 
These techniques present several diffi-

culties and above all, by the long time

needed to obtain definitive results (from 3-7
days). In this context, we have developed an
alternative method, called the Micro
Biological Survey (MBS) method. It is a col-
orimetric fast system for the detection and
the selective counting of bacteria present in
agro-food, in water and in environmental
samples. The MBS method consists of an
analytical kit utilising disposable, ready-to-
use reaction vials for fast microbiological
analyses. 
The analysis is based on the colour change

of the vial content which is induced by the
presence of bacteria. The analyses can be
carried out by untrained personnel and any-
where where they are necessary, without
the need for any other instrumentation than
a thermostat provided on request. 
The MBS method measures the catalytic

activity of the redox enzymes in the main
metabolic pathways of bacteria, which
allows an unequivocal correlation between

the observed enzy-
matic activity and the
number of viable
cells present in the
samples. The time

required for a colour
change is inversely
related to the log of
bacterial concentra-
tion; like an enzy-

matic reaction, the greater the number of
bacteria, the faster the colour change.

Statistical analysis

Sterile water was initially used to avoid any
chemical interference due to organic matri-
ces. In MBS colorimetric method the change
of the starting colour of the vials from blue
for TVC and reddish for E. coli to yellow
colour indicates a positive result, presence
of micro-organisms.
The time occurred for colour change is

inversely related to bacteria content of
analysed samples. The water samples were
artificially contaminated. The statistical
analysis for the MBS method on TVC and
on E. coli vials was carried out according to
ISO/TR 13843 (2000) using as reference
method the plate counting method ISO
9998 (1991) on 10 different dilutions of 10
different samples.  
MBS reliable operating limits were compa-

rable to the reference methods for plate
counts at concentrations between 1x107 and
<10CFU/ ml. The results of the statistical
analysis were expressed in terms of: 
l Estimate of precision. 
l Coefficient of variance.
l Uncertainty. 

Continued on page 9

Microbiological analysis
of total viable count and 
E. coli in food samples

6

4

2

0
0 10 20

T
V
C
 (
lo
g 
C
FU
/m

l)

Colour change 
time (hours)

6

4

2

0
0 10 20

E.
 c
ol
i (
lo
g 
C
FU
/m

l)

Colour change 
time (hours)

Fig. 1. Linearity: correlation line between analytes (TVC and E.
coli) with the time occurred for colour change in the vials
MBS, on all five food matrix of the two methods. A linear
inverse relationship between the MBS method and the bacte-
ria concentration. The correlation factor is (R2) 0.95 for TVC
and 0.98. 

Fig. 2. Accuracy: correlation line between alternative MBS
method and reference method (TVC and E. coli). A good corre-
lation between the bacteria number (expressed as log CFU/ml)
obtained with the traditional counting method and the alterna-
tive MBS method could be observed. In fact the slope is close
to the theoretical value 1.00 (1.00 for TVC and 0.99 for E. coli).
The correlation factor is (R2) 0.94 for TVC and 0.99 for E. coli.
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General estimate of precision was made
according to ISO/TR 13843 (2000) using
Analysis of Variance (ANOVA) tests. 
Results obtained by both one-way analysis

of variance and two-way analysis of variance
have shown that there were no statistical
differences on bacterial count between the
results obtained with MBS method and the
results obtained with the reference method. 
The reliability of the bacterial count using

MBS method was also assessed by statistical
analysis using Coefficient of Variation (CV)
analysis according to ISO/TR 13843 (2000).
It appeared that the MBS method was more
reliable than the reference method. 
Likewise, the uncertainty of the bacterial

count using MBS method was less than that
of the reference method as determined by
c² statistical test according to ISO/TR
13843 (2000).

Primary validation

The primary validation of the MBS method
for TVC and for E. coli was made according
to ISO 16140 (2003). The main perfor-
mance parameters which the alternative
method must demonstrate are: linearity,
accuracy and selectivity.
l Linearity is the ability of the method when
used with a given matrix to give results that
are in proportion to the amount of analyte
present in the sample. An increase in analyte
should correspond to a linear or propor-
tional increase in results (ISO 16140:2003). 
This was achieved graphically as illustrated

in Fig. 1 by plotting bacteria numbers
(expressed as the log of CFU/ml) obtained
with the reference methods for TVC and E.
coli with the time occurred for colour
change of the identical samples analysed
with MBS methods for TVC and E. coli. 
A linear inverse relationship between the

MBS methods and the bacteria concentra-
tion, with a correlation factor (R2) close to
1.00, confirming the linearity of the data, can
be observed.
l Accuracy is the degree of correspon-
dence between the response obtained by
the reference method and the response
obtained by the alternative method on iden-
tical samples. The term ‘relative accuracy’
used here is complementary to the ‘accu-
racy’ and ‘trueness’ as defined in ISO 5725-
1:1994/COR 1 (1998). 
This states that accuracy is ‘the closeness

of agreement between a test result and the
accepted reference value’, and that trueness
is ‘the closeness of agreement between the
average value obtained from a large series of
test results and an accepted reference
value’. For the purpose of this standard, the
accepted reference values are chosen as the
values obtained by the reference method.
Thus, the term ‘relative’ implies that the ref-
erence method does not automatically pro-
vide the accepted reference value as
indicated by ISO 16140 (2003).  
In Fig. 2 the bacteria numbers (expressed

as log CFU/ml) obtained with the reference
counting methods for TVC and E. coli are
plotted against the bacteria numbers
(expressed as log CFU/ml) obtained with
the alternative MBS method for TVC and E.
coli. The straight lines in both graphs show a
perfect correlation between the reference
methods and the MBS methods. In fact the
slopes are close to theorical value of 1.00.
l Selectivity is the ability of an alternative
method to detect the target analyte from a
wide range of strains and is the lack of inter-
ference from a relevant range of non-target
strains of the alternative method as indi-
cated by ISO 16140 (2003). 
Fig. 3 illustrates selectivity of the MBS

method for E. coli. The figure shows the
vials for E. coli inoculated with five different
bacteria strains 24 hours after inoculation.
Only the vial inoculated with E. coli shows a

change of the colour from red to yellow.
Table 1 shows the lowest detection limit
(expressed as CFU/ml) of the MBS vials for
TVC and for E. coli towards different bacte-
rial strains in artificially contaminated sam-
ples.  
The lowest detection limit represents the

minimal bacterial quantity required for
inducing the colour change in either MBS
vials for TVC or for E. coli. 
The lowest detection limit is utilised to

assess of the MBS vial selectivity. It could be
noted that, using the E. coli vials, very high
concentrations of all the bacteria other than
E. coli were required for inducing the colour
change (i.e. a positive result of the test),
while just one E. coli cell (on average) was
sufficient to induce the colour change of the
same vials. 
These results indicate that the E. coli vials

are selective for E. coli, although the E. coli
vials showed a lower selectivity towards
other coliforms strains, medium level selec-
tivity towards Enterobacteriaceae and a
higher selectivity towards Gram-positive
bacteria. On the contrary, using TVC vials,
just one cell of all the aerobic bacteria
strains (on average) was sufficient to induce
the colour change, indicating the very low
selectivity of the TVC vials. 
Other results were obtained with MBS

method and reference method to detect E.
coli in naturally contaminated samples of five
different food matrices. 
Both methods have identified 100 target

strains on 100 as positives, with total
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Fig. 3. Selectivity of the MBS method
for E. coli. The selectivity has been
observed by testing samples artificially
contaminated with different bacterial
strains. The vials for E. coli are inocu-
lated with five different bacteria after
24 hours after inoculation. Only the vial
inoculated with E. coli shows a change
of colour from red to yellow.

Bacteria strains ATCC

Lowest detection
limits for 

E. coli vials 
(CFU mL-1)

Lowest detection 
limits for 
TVC vials 

(CFU mL-1)

Enterobacter cloacae 13047 >105 1
Enterobacter sakazakii 31329 >105 1
Pseudomonas aeruginosa 27853 >106 1
Salmonella enteritidis 13076 >106 1
Salmonella, enterica ser. typhimurium 14028 >104 1
Yersinia enterocolitica 19543 >106 1
Citrobacter freundii 43864 >103 1
Klebsiella pneumoniae 13883 >103 1
Escherichia coli 25922 1 1
Escherichia coli O157:H7 35150 1 1
Enterococcus faecalis 29212 >106 1
Bacillus cereus 11778 >106 1
Bacillus stearothermophylus 24567 >106 1
Bacillus subtilis 6633 >106 1
Listeria innocua 33090 >106 1
Listeria ivanovii 19119 >106 1
Listeria monocytogenes 7644 >106 1
Rhodococcus equi 31543 >106 1
Staphylococcus aureus 12600 >106 1
Staphylococcus epidermidis 12228 >106 1
Staphylococcus lentus 29070 >106 1
Lactobacillus delbrueckii subsp. lactis 12315 >106 >103

Clostridium perfringens 13124 >106 >106

The lowest detection limit represents the minimal bacterial quantity of each bacterial strain required for inducing the colour change in the
corresponding MBS vials for TVC or E. coli

Table 1. Results of selectivity tests.
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absence of false negatives; moreover both
have identified 25 non target strains on 25
with a total absence of false positives.

Discussion

In recent years, the need for the food indus-
try to rapidly assess the microbiological
quality of raw materials and finished prod-
ucts, has led to the development and refine-
ment of alternative microbiological methods
of analysis. 
Such alternative methods are quicker and

easier to perform than the corresponding
reference method. In this context, the goal
of the present study was the primary valida-
tion of the Micro Biological Survey (MBS)
method for both TVC and E. coli, defined,
according to European Directive
91/492/CEE, as thermophilic coliforms that
produce indole from tryptophan after incu-
bation at 44°C±2°C for 24 hours.
Validation studies aim to compare the

results obtained with an alternative method,
in this case the MBS method, with the
results obtained with the reference method
verifying the equivalence between the two
methods by looking at linearity, accuracy
and selectivity. The results of the validation
studies were statistically analysed and com-
pared according to the norm ISO/IEC
17025 (2005) and ISO 16140 (2003). 

Continued from page 9 All the performance parameters indicated
a total equivalence between the reference
method and the MBS method for detection
and counting of TVC and E. coli in artificially
contaminated water samples and in naturally
contaminated food samples. 
When a method is validated for environ-

mental sample analysis, it is important to
include naturally contaminated samples. In
our studies, we have selected five different
food matrices: cheese, vegetable, white
meat, red meat and fruit. 
The validation of the MBS method strongly

support its use as an alternative method for
food analysis. The linearity over a range of
bacterial concentrations was excellent. The
selectivity was more than satisfactory with
the absence of false negatives and false posi-
tives. The accuracy, evaluated on 125 natu-
rally contaminated samples, showed a high
correlation between the MBS method and
the reference methods.

Comparison of methods

With traditional count plate methods bacte-
ria replication can be observed with the
naked eye, but greater expertise in the
operators and operational complexity are
required. 
On the other hand, alternative methods

often turn out to be very expensive and also
require highly equipped laboratories. The

use of immunological or genetic probes
(with the assistance of PCR to increase sen-
sitiveness) had a great impact on microbial
analysis. Indeed they are very quick and sen-
sitivity can be improved by using automated
or semi-automated systems. The disadvan-
tages are not only related to the need for
specialised personnel and equipment, but
also for an high limit of sensitivity (immuno-
logical methods) and/or complexity and
high costs of analysis (genetic methods). 
In addition, the exact quantification of the

number of bacteria over a large range of
concentrations is not always possible. 
Colorimetric methods currently available

are mainly based upon micro-organisms sec-
ondary metabolism measuring. One of these
methods detects the presence of E. coli on
the basis of the activity of the enzyme b-glu-
curonidase. 
However, it should be mentioned that

using this method it is not possible to detect
the pathogenic, although relatively uncom-
mon forms of E. coli O157: H7 verocyto-
toxin producers, which do not exhibit b-
glucuronidase activity. 
Instead, E. coli O157: H7 is detected by

the MBS method on the basis of its indole
production from tryptophan. For the above
reported reasons, the MBS method can rep-
resent a worthy aid in food screening with-
out replacing the analysis carried out with
traditional methods which are very precise
though often long and complex.                 n


