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The modifications brought to the report are indicated by a double line 
in the margin on the left. 

 
Foreword 

 
Competences of the laboratory are certified by COFRAC accreditation for the 
analysis marked with symbol�. 
 
Any element which allows analysis quality certification can be consulted by 3M 
SANTE. 
 
The results are presented according to the NF EN ISO 16140 standard. 
 
 
9 Firm: 3M SANTE 

Boulevard de l’Oise 
F-95029 CERGY PONTOISE CEDEX 
 

9 Expert laboratory: ADRIA Développement  
 ZA Creac’h Gwen 
 F*29196 QUIMPER Cedex 
 
9 Studied method:  ISO 16140 validation of 3MTM PetrifilmTM Coliforms 

count plates (PCC) for gas producing colonies 
enumeration 

 
9 Validation standard: NF EN ISO 16140 (October 2003) : Food 

microbiology – Protocol for the validation of 
alternative methods 

 
9 Standard method♦ : NF ISO 4831 (August 2006): Microbiology of food 

and animal feeding stuffs. Horizontal method for 
the detection and enumeration of coliforms. Most 
probable number technique 

 
9 Validation area: All food products except raw shellfish  

                                            
♦  NF ISO 4831 : analysis performed according to the COFRAC accreditation 
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1 INTRODUCTION 
 
1.1 Validation standard 

 
The validation study has been performed according to the NF EN ISO 16140 
(October 2003) : Food microbiology – Protocol for the validation of alternative 
methods. 
 

1.2 Protocol and principle of the alternative method 
 
The Petrifilm CC plate is a ready-to-use system for the enumeration of the 
total coliforms. It is constituted by a cold water soluble dehydrated gel fixed 
between a support of polyethylene and a sheet leaf in polypropylene. The 
Petrifilm CC plate is based on the VRBL medium formulation. 
 
After 24 h ± 2 h of incubation (at 30°C ± 1°C), gas producing coliform appear 
as red colonies associated with gas bubbles within one colony diameter , 
whereas non gas producing coliform appear as red colonies not associated 
with gas bubbles. 
 
General use instructions are shown in Annex  1 ; the general protocol is 
presented below : 
 

Sample 

↓ 

First suspension and decimal dilutions in peptone-salt 

If necessary, adjust the pH of the suspension between 6.6 and 7.2 
↓ 

1 ml per Petrifilm CC plate 

↓ 

Incubation at 30°C ± 1°C, 24 h ± 2 

↓ 

Enumeration of colonies associated with gas 

 
1.3 Application area 
 

All food products except raw shellfish 
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1.4 Standard method 
 
The reference method is the ISO 4831 method “Microbiology of food and 
animal feeding stuffs. Horizontal method for the detection and enumeration of 
coliforms. Most probable number technique” (Cf. Annex 2).  
 

2 COMPARATIVE STUDY 
 
2.1 Bibliographical study 

 
No papers related to the alternative method have been published since the 
last study which has been done in May 2002. 
 

2.2 Linearity 
 
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, that is an increase in analyte 
corresponds to a linear or proportional increase in results. 
 

2.2.1 Food matrices and protocols  
 

Five food categories (category/strain) were tested. Five contamination levels 
were evaluated and two repetitions were realised by sample  
 
The contamination levels, the tested samples and the inoculated strains are 
presented in the table below:  
 

Category Souche Level  
(CFU/g) 

Method to be tested 

Minced beef  Enterobacter cloacae 58 100 - 500 - 1 000 - 5 000 - 50 000 ISO 4831 ; PCC 30°C 
Milk Enterobacter sakazakii 95 100 - 500 - 1 000 - 5 000 - 50 000 ISO 4831 ; PCC 30°C 
Egg product Klebsiella pneumoniae 89 100 - 500 - 1 000 - 5 000 - 50 000 ISO 4831 ; PCC 30°C 
Raw fish Escherichia coli Ad 228 100 - 500 - 1 000 - 5 000 - 50 000 ISO 4831 ; PCC 30°C 
Green peas Escherichia coli 19 100 - 500 - 1 000 - 5 000 - 50 000 ISO 4831 ; PCC 30°C 
 

2.2.2 Results 
 

The bi-dimensional graphs are shown in Annex 3. 
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2.2.3 Statistical interpretations  
 
Statistical interpretation results are shown in this table. 
 

Matrice R 
Selected 

regression 
Rob.F 

Critical 
value 

P% Correlation 
coefficient 

Regression equation* 

Minced beef 0,06 OLS2 3,1.107 5,41 0 0,98 log Ref. = 1,088 log Alt. - 0,335 
Milk 0,12 OLS2 4,80 5,41 6 0,93 log Ref. = 0,865 log Alt. - 0,677 

Egg product 0,29 OLS2 5,22 5,41 5 0,95 log Ref. = 1,245 log Alt. - 0,672 
Green peas 3,33 OLS1 0,753 5,41 57 0,98 log Alt. = 1,077 log Ref. - 0,432 

Raw fish 0,26 OLS2 0,000 5,41 100 0,98 log Ref. = 1,033 log Alt. + 0,094
 
* x-axis and y-axis choice depends on the selected regression. 

 
Statistical interpretation :  
P > 5 % : not significant  1 % < P < 5 % : significant  P < 1 % :highly significant  
 
The regressions lines are shown in Annex  3. 
 

2.2.4 Conclusion 
 
The linearity is accepted for the following categories: milk, egg, product, 
green peas and raw fish. 
 
Coefficient correlations are equal to 0,98 for minced beef, green peas and 
raw fish, these high values decrease the linearity test robustness. The 
linearity cannot be refuted for the matrix minced beef. 
 

2.3 Relative accuracy 
 
The accuracy is the closeness of agreement between a test result and the accepted reference 
value. 
 
The bias is the difference between the expectation of the test results and an accepted 
reference value. 
 
The results obtained in 1997 were interpreted according to the ISO 16140. 
The samples were the following: 
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 PCC 30°C / ISO 4831 

Meat products 47 
Dairy products 51 

Egg products and pastries 26 
Seafood 20 

Vegetables 38 
Cooked products 44 
Total analysed 226 
Total exploited 76 

 
2.3.1 Number and nature of the samples 

 
Categories and types of analysed food are presented table 1. 
 

Table 1 – Number and nature of the samples 
 

Categories Types Number of samples 
analysed 

Number of results 
used 

Meat  products Raw meat, raw and cooked delicatessen, 
cooked products 73 50 

Dairy products Raw milk, cheeses, ice creams, creams 51 30 
Egg products and 

pastries Mayonnaise, egg products, pastries  26 18 

Vegetables Frozen vegetables, salads, spices,  
flours, cooked vegetables 41 19 

Seafood Fishes and raw shellfish, smoked 
products, cooked products 35 12 

 
Only naturally contaminated samples were analysed. 

 

2.3.2 Results  
 
Samples were analysed in duplicate by the Petrifilm CC plate (colonies 
associated with gas) and in simple by the ISO 4831 method. 
 
The analysed samples presented the following levels of contamination: 
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Table 2 - Petrifilm CC plate (colonies associated with gas) / ISO 4831 
 

Food products Contamination scale (log) 

Meat products 0,56 to 5,97 

Dairy products 1,00 to 5,04 

Egg products and pastries 0,46 to 6,16 

Vegetables 0,63 to 6,04 

Seafood 0,95 to 5,66 

 
Bidimensional graphs for each category and for all analysed samples are 
presented Annex 4.  

 
2.3.3 Interpretation 

 
Table 3 - Petrifilm CC plate (colonies associated with gas) / ISO 4831 

 
P% 

Category n R 
Regression 

used 
a t(a) b t(b) 

Critical 
T Ordinate 

at 0 
Slope 
at 1 

Meat products 50 / GMFR 0,295 0,832 0,916 0,918 2,011 41 36 
Dairy products 30 / GMFR - 0,682 1,560 1,123 0,880 2,048 13 39 
Egg products and 
pastries 

18 / GMFR 0,030 0,122 0,940 0,981 2,120 90 34 

Vegetables 19 / GMFR 0,453 1,250 0,871 1,167 2,110 23 26 
Seafood 12 / GMFR - 0,073 0,284 0,939 0,864 2,228 78 41 
All products 129 / GMFR - 0,009 0,068 0,964 1,023  95 31 

 
Statistical interpretation :  
P > 5 % : not significant 1 % < P < 5 % : significant P < 1 % :highly significant 
 

Category Bias D 
Alternative method 
repeatability limit 

Reference method 
repeatability limit 

Meat products - 0,089 0,291 / 
Dairy products - 0,396 0,383 / 
Egg products and pastries - 0,180 0,330 / 
Vegetables - 0,021 0,275 / 
Seafood - 0,299 0,351 / 
All products - 0,220 0,365 / 

 
2.3.4 Conclusion 

 
According to the statistical tests, the intercept at 0 and the slopes at  1 are 
validated in every case. The Petrifilm CC plate shows satisfying relative 
accuracy. 
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NB : the bi-dimensional graphs show a light underestimate of the coliforms gas 
producers populations by the alternative method for the category Dairy products: the 
slope is equal to 1,123 and the intercept to 0 is - 0,682; the Petrifilm CC plate and 
the ISO 4831 method are comparable according to the P values, i.e. respectively 
39 % and 13 %. For the category Vegetables, the intercept is 0,453 and the slope is 
0,871: the Petrifilm CC plate and the ISO 4831 method are comparable according to 
the P Values, i.e. respectively 23 % and 26 %. 
 
Graphs including ISO 4831 confidence intervals are presented figures 1 and 2. The 
Petrifilm CC plate results are all close to or integrated into the ISO 4831 confidence 
intervals. 
 
Two exceptions are only observed for dairy products; the ISO 4832 values for 
the total coliforms enumeration are given: 
 
� 1 sample of cheese (Morbier) : 

• enumeration by Petrifilm CC plate: 3,85 et 4,04 Log (CFU/g) 
• enumeration by ISO 4831 method: 2,87 [2,11-3,30] Log (CFU/g) 
• enumeration by ISO 4832 method: not available  

 
�  1 sample of raw milk: 

• enumeration by Petrifilm CC plate: 4,18 et 4,30 Log (CFU/g) 
• enumeration by ISO 4831 method: 1,96 [1,18-2,54] Log (CFU/g) 
• enumeration by ISO 4832 method: 4,76 et 4,95 Log (CFU/g) 

 
Four exceptions can be noted in the Vegetables category: 
 
- 2 samples of raw frozen vegetables:  

• enumeration by Petrifilm CC plate: 3,02 and 3,03 Log (CFU/g) 
• enumeration by ISO 4831 method: 1,88 [1,23-2,30] 
• enumeration by ISO 4832 method:  2,69 et 2,56 Log (CFU/g) 
and 
• enumeration by Petrifilm CC plate: 3,26 and 3,36 Log (CFU/g) 
• enumeration by ISO 4831 method : 1,97 [1,26-2,56] 
• enumeration by ISO 4832 method: 3,36 and 3,16 Log (CFU/g) 
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- 2 samples with vegetables preparation : 
• enumeration by Petrifilm CC plate: 1,60 and 1,48 Log (CFU/g) 
• enumeration by ISO 4831 method: 0,63 [-0,05-1,26] 
• enumeration by ISO 4832 method : not available 
and 
• enumeration by Petrifilm CC plate: 2,64 et 2,65 Log (CFU/g) 
• enumeration by ISO 4831 method: 1,18 [0,60-1,58] 
• enumeration by ISO 4832 method: 2,37 and 2,57 Log (CFU/g) 

 
The possibility of an arterfact is avoided by the repeatability of the results 
obtained by the Petrifilm CC plate. The values generated by the Petrifilm CC 
plate and the ISO 4832 method are comparable, confirming that colonies 
associated with gas bubbles by the Petrifilm CC plate correspond to coliforms 
colonies. 
 
Finally, in the same way, two enumerations differences are mainly observed 
in the Meat products category on 50 exploited results: 

 
� 1 sample of merguez sausage: 

• enumeration by Petrifilm CC plate: 2,70 and 2,60 Log (CFU/g) 
• enumeration by ISO 4831 method: 4,66 Log (CFU/g) 
• dénombrements par la méthode ISO 4832 : 3,92 and 3,90 Log (CFU/g) 

 
� 1 sample of duck pâté: 

• enumeration by Petrifilm CC plate: 4,73 and 4,64 Log (CFU/g) 
• enumeration by ISO 4831 method: 2,04 Log (CFU/g) 
• enumeration by ISO 4832 method: 5,20 and 5,13 Log (CFU/g) 
 

 
The values obtained by the Petrifilm CC plate and the ISO 4832 method are 
comparable, suggesting that the enumeration of gas producing colonies by 
the alternative method belong to the coliforms group. But, in that case, the 
differences could be also considered as outliers points among 80 results. 
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Figure 1  
 

 
 

 
Figure 2 

 
 
 

Regression straight lines (graph and equation representations) for each food 
category and for all matrices are presented in Annex 4.  
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2.4 Detection limit (LOD) and quantification limit (LOQ) 
 

The critical level is the defined as the smallest amount which can be detected (not null), but 
not quantified as an exact value. Below this value, it cannot be sure that the true value is not 
null. 
 
The detection limit is defined as being higher than the critical level because it involves a 
power, the probability 1-β, which has to be well over 50 %, for example 95 %. 
 
The quantification limit is defined as the smallest amount of analyte (that is the lowest actual 
number of organisms) which can be measured and quantified with defined precision and 
accuracy under the experimental conditions by the method under validation. 

 
2.4.1 Protocol 

 
The detection limit of the alternative method has been done with pure 
cultures. Three different levels of inoculation have been tested, with six 
replicates per level, i.e. a total of 18 analyses by the alternative method. One 
E. coli strain has been used for the limit of detection of the Petrifilm CC plate. 
Quantification limit has been calculated for six independent  blank samples 
determinations.  
 

2.4.2 Results 
 
Data are intrinsic to the method used and are presented in the following 
tables : 
 

Table 4 
 

Level Positive samples nb Standard deviation Bias 
0,5 3 / 6 0,816 0,5 
1 3 / 6 1,549 0,5 
5 6 / 6 1,751 2 
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Table 5 
 

 Formulas Obtained Values  
LC 1,65 S0 + X0 1,8 
LOD 3,3 S0 + X0 3,2 
LOQ 10 S0 + X0 8,7 

 
2.5 Relative Sensitivity 
 

The relative sensitivity is defined as the ability of the alternative method to detect two different 
amounts of analyte measured by the reference method within a given matrix, at a specified 
average value, or over the whole measurement range ; that is, it is the minimal quantity 
variation (increase of the analyte concentration x) which gives a significant variation of the 
measured signal (response y). 

 
Data are intrinsic to the method used and are obtained from the results of the 
linearity study. 
 
Accuracy patterns obtained for different matrices are presented in figure 3. 

 
Figure 3 – Accuracy patterns for the different matrices used 
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2.6 Specificity/Selectivity 
 
The specificity is defined as the degree to which a method is affected (or not) by the other 
components present in a multi-component sample. That is the ability of a method to measure 
exactly a given analyte, or its amount, within the sample without interference from non-target 
components such as a matrix effect, or background noise. 
 
The results obtained during the previous validation have been completed in 
order to fit with the ISO 16140 standard requirements. 
 

2.6.1 Inclusivity 
 

30 targeted strains have been tested. The results are similar between both 
method, except for Enterobacter sakazakii 90 which produces gas only on 
Petrifilm CC plates. 

 
 

2.6.2 Exclusivity 
 
All the 20 tested strains show a negative result by both method. 
 
The Petrifilm CC plate shows a satisfying specificity and selectivity 
 

2.7 Praticability 
 

Petrifilm CC plate allows the saving of time since it is a ready-to-use method. 
 
Time delay to obtain results is much shorter by using the Petrifilm CC plate, 
contrary to the ISO 4831 standard :  
 
- 24 h ± 2 h are required by the Petrifilm CC plate for positive and negative 

results, 
- 24 to 48 are required by the ISO standard for negative results, 
- 96 h are required by the ISO standard for positive results 

 
No specific maintenance or traceability procedures are required. 
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3 CONCLUSION 
 

The linearity and the relative accuracy of the Petrifilm CC plate are satisfying.  
 
The Petrifilm CC plate selectivity and specificity are similar to ISO 4831 
standard. 

 
The Petrifilm CC plate minimizes :  
 
- the time of manipulation  
- the time to obtain results 
- the wastes management  
- the incubation space 
- the manipulation between different steps. 
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Annex  1 – Alternative method instruction use  
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Annex  2 – ISO 4831 standard 
 

 Solid sample (1/10 dilution) 
Liquid sample 

 
Ó

 
 

 
Ô 

 10 ml x 3 tubes 
Lauryl sulfate  

tryptose broth (LST) 
Double concentration 

 1 ml x 3 tubes 
Main suspension  

and decimal dilutions 
Lauryl sulfate 

tryptose broth (LST) 
Simple concentration 

 È  È 
 Incubation 30°C 

24 h ± 2 h 
 

 Incubation at 30°C 
24 h ± 2 h to 48 h ± 2 h 

 Ô  Ó 
   

Gas production 
confirmation  

Transfer 10 µl of positive tubes into a brilliant green 
lactose broth (BLBVB) 
Incubation at 30°C ± 1 ; 24 h ± 2 h or 48 h ± 2 h 
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Annex  3 – Linearity study  
 
Bi-dimensional graphs 
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Regression straight lines 
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Annex  4 – Relative accuracy 
 
Bi-dimensional graphs 
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Regression straight lines for each food category and for all matrices 
 

GMFR Regression - Meat products
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 GMFR Regression - Dairy products

y = 1,1226x - 0,6815
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 GMFR Regression - Egg products

y = 0,9399x + 0,0301
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GMFR Regression - Vegetables

y = 0,8707x + 0,4527
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GMFR Regression - Seafood

y = 0,9389x - 0,0731
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GMFR Regression - All products

y = 0,9642x - 0,0087
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