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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 
95029 CERGY PONTOISE CEDEX 
 

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

Coliforms (PCC) for total coliforms enumeration 
 
9 Validation standard: NF EN ISO 16140 (October 2003) : Food 

microbiology – Protocol for the validation of 
alternative methods 

 
9 Standard method♦ : ISO 4832: Horizontal method for the enumeration 

of coliforms - Colony Count Technique  
 

9 Validation area: All food products, except raw shellfishes 
 

                                            
♦  ISO 4832: 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 
 
General use instructions are shown in Annex 1. 
 

1.2.1 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 an incubation for 24 h ± 2 h at 30°C ± 1°C, coliforms appear as red 
colonies associated or not with gas  
 

1.2.2 Protocol 
 

The general protocol is presented below :  
 

Sample 
↓ 

Suspension (1/10) in peptone-salt (PS) 
If necessary, adjust the pH of the suspension between 6.6 and 7.2 

↓ 
Decimal dilutions in PS 

↓ 
One Petrifilm inoculation per dilution with 1ml suspension 

↓ 
Incubation for  24 h ± 2 h at 30°C ± 1°C  

 
 

1.3 Application area 
 

Food products, except raw shellfishes 
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1.4 Reference method 
 
The reference method is the ISO 4832 method “Horizontal method for the 
enumeration of coliforms - Colony Count Technique”. The protocol is 
presented below:  
 

Suspension and decimal dilutions 
in peptone-salt 

È 
1 ml per Petri dish  

(2 Petri dishes per dilution) 
È 

Pour 15 ml VRBA 
È 

Solidification 
È 

Add a double layer of VRBA 
È 

Incubation 24 h ± 2 h at 30°C ± 1 
È 

Count characteristic colonies (red ∅ ≥ 0,5 mm 
sometimes surrounded with red colorant) 

 
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. 
 

2.1 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. 
 

2.1.1 Food matrices and protocols 
 
The linearity was investigated with 5 couples (category / strain and matrix / 
category). 
 
Five contamination levels were analysed in duplicate.  
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The contamination levels, the tested samples and the inoculated strains are 
presented in the table below :  
 

Category Strain 
Ground beef Enterobacter cloacae 58 
Pasteurised milk Enterobacter sakazakii 95 
Egg product Klebsiella pneumoniae 89 
Raw fish fillet Escherichia coli Ad 228 
Green peas Escherichia coli 19 
 

2.1.2 Results 
 

The bi-dimensional graphs are shown figure 1. 
 

 
Figure 1 - Relative linearity: bi-dimensional graphs 
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Figure 1 - Relative linearity: bi-dimensional graphs 
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2.1.3 Statistical interpretations 
 

Table 1  - Comparison Petrifilm CC plate / ISO 4832 
 

Matrix R 
Selected 

Regression 
Rob.F 

Critical 

value 
P% 

Correlation 

coefficient 
Regression equation* 

Ground beef 3,33 OLS1 0,69 5,41 60 0,997 log Alt = 1,060 log Ref. - 0,260 
Pasteurised milk 0,63 GMFR 12,72 5,41 1 0,998 log Alt = 1,023 log Ref. - 0,012 

Raw fish fillet 4,00 OLS1 3,53 5,41 10 0,999 log Alt = 0,973 log Ref. + 0,065 
Egg product 1,67 GMFR 9,41 5,41 2 0,998 log Alt = 0,939 log Ref. + 0,194 
Green peas 3,00 OLS1 0,642 5,41 62 0,980 log Alt = 1,056 log Ref. - 0,187 

 
* x-axis and y-axis choice depends on the selected regression. 

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

 

The regression lines are shown in Annex 2. 
 

2.1.4 Conclusion 
 
The correlation coefficients are all above 0,99 whatever the matrix tested. 
 
The non-linearity test is not significant for the matrices beef meat, raw fish 
and beans. 
 
The correlation coefficients associated with P value below 5 % show high 
values which decrease the non-linearity test robustness. 
 
The Petrifilm CC plate shows satisfying linearity. 
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2.2 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. 

 
2.2.1 Number and nature of the samples 

 
Categories and types of analysed food are presented in table 2. 
 

Table 2 – Number and nature of the samples 
 

Categories Types Number of analysed 
samples  

Number of results used 
in statistical tests 

Meat products Raw meats, raw and cooked 
delicatessen, ready-to-eat food 67 49 

Milk products Raw milk, cheeses, creams, ice 
creams 51 28 

Egg products and 
pastries Egg product, pastries, mayonnaises 26 17 

Vegetables Frozen vegetables, salads, spices, 
cooked vegetables, flours   41 30 

Sea food Fishes, cured products, ready-to-eat 
food  42 23 

All products 227 147 
 
Only contaminated samples have been analysed. 
 

2.2.2 Results  
 
Samples have been analysed in duplicate for both methods. 
 

Table 3 - Petrifilm CC plate / ISO 4832 
 

Food category Contamination scale (log CFU/g) 

Meat products 1,00 to 7,70 
Milk products 1,00 to 7,56 

Egg products and pastries 1,30 to 6,57 
Vegetables 1,00 to 6,15 

Seafood 1,30 to 5,76 
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Bi-dimensional graphs for each category and for all samples analysed are 
presented figure 2. 

 
Figure 2 – Relative accuracy : bi-dimensional graphs  
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Figure 2 – Relative accuracy : bi-dimensional graphs  
 

 

 

 
All products 
 

 
 

 
2.2.3 Statistical interpretations 

 
Regression lines (graph and equation representations) for each food 
category and for all matrices are presented in Annex 3  

Vegetables

0

1

2

3

4

5

6

7

8

9

0 1 2 3 4 5 6 7 8 9

log(Reference method)

lo
g(

Al
te

rn
at

iv
e 

m
et

ho
d)

Tous produits
CT-TC

0

1

2

3

4

5

6

7

8

9

0 1 2 3 4 5 6 7 8 9

log(Méthode de référence)

lo
g(

M
ét

ho
de

 a
lte

rn
at

iv
e)

All products 

Log (Reference method) 

Lo
g 

(A
lte

rn
at

iv
e 

m
et

ho
d)

 



3M SANTE 

ADRIA Développement 12/30 September 3, 2008  
PCC Total Coliforms Synthesis (Version 2) 

Table 4 - Petrifilm CC plate / ISO 4832 
 

P% 
Categories n R Selected 

regression a t(a) b t(b) Critical T  Ordinate 
at 0 

Slope at 
1 

Meat products 49 0,70 GMFR 0,404 4,274 0,940 2,730 2,012 0 1 
Milk products 28 1,06 GMFR - 0,097 0,947 1,062 2,162 2,056 35 4 
Egg products and 
pastries 

17 0,54 GMFR 0,217 1,087 0,990 0,215 2,131 29 83 

Vegetables 30 0,54 GMFR 0,347 2,708 0,974 0,678 2,048 1 50 
Seafood 23 0,76 GMFR 0,140 0,835 0,992 0,187 2,080 41 85 

 
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 0,119 0,166 0,232 
Milk products 0,094 0,336 0,309 
Egg products and pastries 0,156 0,146 0,268 
Vegetables 0,155 0,224 0,406 
Seafood 0,042 0,160 0,205 
All products 0,101 0,188 0,232 

 
2.2.4 Conclusion 

 
Bias between both methods show low values whatever the categories and 
vary between 0,042 to 0,156 log CFU/g. 
 
The alternative method shows generally better repeatability limit values than 
the reference method. 
 
The regression equations are the following : 
 
-  Meat products: Log (reference method) = 0,940 Log (alternative method) + 0,404 
-  Milk products: Log (reference method) = 1,062 Log (alternative method) – 0,097 
-  Egg products and pastries: Log (reference method) = 0,990 Log (alternative method) + 

0,217 
-  Vegetables: Log (reference method) = 0,974 Log (alternative method) + 0,347 
-  Seafood: Log (reference method) = 0,992 Log (alternative method) + 0,140 
 

For all products, the regression equation is: 
Log (reference method) = 0,987 Log (alternative method) + 0,209 

 
The Petrifilm CC plate shows satisfying relative accuracy for all 
products. 
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2.3 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. 

 
2.3.1 Protocol 

 
The detection limit of the alternative method has been done with pure culture 
of Escherichia coli. Three different levels of inoculation have been tested, 
with six replicates per level, i.e. a total of 18 analyses by the alternative 
method.  
 
Quantification limit has been calculated for six independent determinations 
done with sterile dilution solution.  
 

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

Table 5 - Petrifilm CC plate  
 

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 1,602 2 

 
 Formulas Obtained values 

LC  S0 + X0 1,8 
LOD  S0 + X0 3,2 
LOQ S0 + X0 8,7 

 



3M SANTE 

ADRIA Développement 14/30 September 3, 2008  
PCC Total Coliforms Synthesis (Version 2) 

2.4 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 figure 3. 

 
Figure 3 - Accuracy patterns for the different matrices used 
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The five target strains give similar results on Petrifilm CC plate and VRBA. 
For the non-target strains, two Providencia strains grow on VRBA and give 
microcolonies on Petrifilm CC plate. 
 
The specificity and the selectivity of both methods are similar. 
 
 

2.6 Praticability 
 
The saving of time is mainly obtained by the fact that: 
 

- the Petrifilm CC plate is ready-to-use and allows to avoid the medium 
preparation.  

- it is not necessary to pour a double layer of medium. 
 
The time delays to obtain results are equivalent between both method, i.e.  

24 h ± 2 h. The space needed for incubation is much smaller for the Petrifilm 
CC plate than for ISO 4832 method. The Petrifilm CC plate minimizes the 
volume of wastes and the manipulation between two different analysis steps. 

 
 

3 COLLABORATIVE STUDY 
 

3.1 Organisation study 
 
9 Collaborator laboratories 

 
14 laboratories have participated to this study. 
 
9 Instructions for collaborator laboratories  

 
Detailed instructions have been transmitted to the collaborators by the expert 
laboratory.  
 
9 Samples 

 
Pasteurised semi-skimmed milk has been inoculated by Escherichia coli 94, 
isolated from dairy product. 
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9 Inoculation 
 
Inoculation levels targeted are : 
 
- 0 CFU/ml, 
- 10 – 100 CFU/ml, 
- 100 – 1 000 CFU/ml, 
- 1 000 – 10 000 CFU/ml. 
 
Each laboratory received eight flasks of 25 ml sample, i.e. two flasks per 
inoculation level. Furthermore, one non-inoculated sample have been added 
to the package for total viable count microflora (NF ISO 4833 method). 

 
9 Labelling and shipping 

 
Coded samples (code is only known by the expert laboratory) have been 
placed in isothermal boxes which contained cooling blocks, and express-
shipped to the different laboratories. 
 
A temperature control flask containing temperature register has been added 
to the package in order to register temperature profile during transport and at 
reception. 
Samples have been shipped in 24 h to laboratories of the collaborative study. 
Sample temperature should be lower or equal to 8°C during transport, and 
between 0°C - 8°C at arrival. 
 
9 Analyses 

 
Collaborative study laboratories and the expert laboratory have carried out 
the analyses with the alternative and reference methods. 
 
A stability study of the strain inoculated has been realised in order to verify 
there is no evolution during the transport. 
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3.2 Results 
 

3.2.1 Results obtained by the expert laboratory 
 
9 Strain stability during transport 

 
In order to evaluate the Escherichia coli 94 strain variability during transport, 
bacterial count of all inoculated flasks have been checked at different time, 
i.e. inoculation time, after 24 h and 48 h of conservation at 2°C. Results are 
reported in table 6. 
 

Table 6 - Escherichia coli 94 count with the alternative method  
and reference method (in log CFU/ml) 

 
Level 1 Level 2 2 Level 3  

Reference 
method 

Atlernative 
method 

Reference 
method 

Atlernative 
method 

Reference 
method 

Atlernative 
method 

Day 0 73 / 85 55 / 80 720 / 670 450 / 420 6 600 / 6 800 3 500 / 4 900 
Day 1 47 / 42 61 / 64 630 / 550 480 / 520 7 000 / 5 700 3 500 / 3 500 
Day 2 83 / 91 74 / 68 740 / 610 650 / 810 6 500 / 1 600 4 900 / 6 200 
 
No evolution of the strain has been observed after 48 h of storage at 4°C in 
the isothermal box. 
 
9 Results obtained for both methods 

 
The mesophilic aerobic microflora has been done on the matrix with ISO 
4833 method. The results varied from 70 to 3 600 CFU/ml. 
The results obtained by the expert laboratory for Escherichia coli count for 
the both method are given table 7. 
 

Table 7 - Expert laboratory results (in log CFU/g) 
 

Reference method Alternative method Targeted 
rate 

(log CFU/g) Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2 

0 0 0 0 0 

1 to 2 1,67 1,62 1,79 1,81 

2 to 3 2,80 2,74 2,68 2,72 

3 to 4 3,85 3,76 3,54 3,54 

 
Contamination levels targeted have been reached. 
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3.2.2 Results obtained by the collaborative laboratories 
 

3.2.2.1 Sample temperature on receipt  
 
Measured temperatures on receipt are listed table 8.  
 
The packages have been chipped in 24 h for the 14 laboratories. Any 
temperature upper than 8°C has been noted at reception. 

 
Table 8 – Sample temperature on receipt 

 
Laboratories Temperature measured by the 

thermobutton (°C) 

A 2,2 (J2) 

B 2,0 

C 5,3 

D 1,7 

E 2,7 

F 3,3 

G 2,8 

H 4,9 

I 3,5 

J 1,5 

K 1,8 

L 3,9 

N 2,5 

O 5,0 
 

3.2.2.2 Sample temperature during transport  
 
Any temperature upper than 8°C has been noted during transport. 
 

3.2.2.3 Results 
 
The laboratory A has received the package at J1, but has realised the 
analyses only at J2 and the laboratory I has not realise two successive 
dilutions. These results were not took into account for statistical 
interpretation.  
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The results from 12 laboratories have been retained for statistical 
interpretation. 
 
A results synthesis is presented in table 9. 
 

Table 9 - Results synthesis obtained by ISO 4832 method 
and Petrifilm CC plate  

 
Level 0 Level 1 Level 2 Level 3 

Laboratories 
Reference 

method 

Alternative 

method 

Reference 

method 

Alternative 

method 

Reference 

method 

Alternative 

method 

Reference 

method 

Alternative 

method 

A 0 0 0 0 84 65 60 53 800 600 400 360 9300 5500 5000 3800 

B 0 0 0 0 64 63 75 63 690 710 560 650 4600 6500 4200 4700 

C 0 0 0 0 38 33 55 57 460 430 540 410 4800 3600 3100 4000 

D 0 0 0 0 74 62 85 64 720 690 560 660 5700 6600 3200 3900 

E 0 0 0 0 73 84 76 68 620 960 670 650 8700 7700 6900 6200 

F 0 0 0 0 66 63 64 76 560 560 550 560 7000 5300 5500 4700 

G 0 0 0 0 61 73 77 91 820 750 710 620 7800 9100 6600 6100 

H 0 0 0 0 62 73 71 76 690 680 560 560 6500 6700 4200 5100 

J 0 0 0 0 56 65 62 44 590 850 490 500 4900 5900 6500 4000 

K 0 0 0 0 77 67 76 68 770 750 660 660 5700 5900 5100 5500 

L 0 0 0 0 21 33 70 65 380 540 540 600 6400 5900 4800 5300 

N 0 0 0 0 76 88 68 87 860 920 680 650 9500 9900 8000 5200 

O 0 0 0 0 92 86 77 89 900 880 650 670 7800 6500 5800 5000 

 
3.2.2.4 Statistical interpretation 

 
ª Bias calculation 
 

For each level, difference between duplicate means (di) obtained by the 
alternative method and reference method has been calculated as : di = 
(Mi,alt - Mi, réf). 
 
Median (MED {di} of di allows the determination of bias D  
(MED{di} = biais D). 
 
Bias D and robust standard deviation S {di} = K1Sn give t  statistic (t(d) = 
MED{di} n /S{di}). This t value obtained is compared  to a critical value 
found in Student table (for n = 12, critical t = 2,201). 
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t(d) values obtained by level are reported in table 10. 
 

Table 10 -  t(d) values obtained by level  
 

Level  Bias D t(d) 
Critical t  
ddl (n-1) Conclusion 

1 (n = 12) + 0,03 1,525 2,201 
Biais D 

Non significant bias 
2 (n = 12) - 0,07 3,137 2,201 Significant bias 
3 (n = 12) - 0,09 5,814 2,201 Significant bias f 

 

Critical level : t(d) < critical t 
 

ª Repeatability calculation 
 

Values obtained for the repeatability limit, as well as values obtained for F 
test are reported in table 11. 
 

Table 11 – Obtained values for repeatability limit and values for F test  
 

Repeatability limit 
Level Reference 

method 
Alternative 

method 

Calculated F 
(or 1/F*) 

Critical F 
(0,05 ; n ; n) 

P % 

1 (n = 12) 0,183 0,199 1,175 2,69 39 

2 (n = 12) 0,070 0,048 2,127 2,69 10 

3 (n = 12) 0,192 0,195 1,033 2,69 47,8 

 
Statistical Interpretation 
P > 5% : non significant   1 % < P < 5 % : significant 
0,1 % < P < 1 % : highly significant  P < 0,1 % : very highly significant 

 
ª Reproducibility 
 

Values obtained for reproducibility limit, as well as values obtained for F test 
are given in table 12. 
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Table 12  - Obtained values for reproducibility limit and F Test values 
 

Reproducibility limit 
Level Reference 

method 
Alternative 

method 

Calculated F 
(or 1/F*) 

Critical F 
(0,05 ; n - 1; n - 1) P % 

1 (n = 12) 0,243 0,180 1,820 2,82 17 

2 (n = 12) 0,196 0,143 1,865 2,82 16 

3 (n = 12) 0,305 0,300 1,028 2,82 48 

 
Statistical Interpretation 
P > 5% : non significant   1 % < P < 5 % : significant 
0,1 % < P < 1 % : highly significant  P < 0,1 % : very highly significant 

 
ª Ratio reproducibility limit / repeatability limit 

 
The ratio reproducibility limit / repeatability limit are given in table 13. 
 

Table 13 - Ratio of reproducibility limit / repeatability limit 
 

Level Reference method Alternative method 

1 (n = 12) 1,321 0,906 

2 (n = 12) 2,793 2,983 

3 (n = 12) 1,588 1,542 

 

Critical level : reproducibility / repeatability < 2 

 
ª Dispersion between laboratories 

 

Level 
Reference method 

F 
Alternative method 

F ou 1/F 
Critical F 

(0,05 ; n-1 ; n) 

1 (n = 12) 2,508 1,563 2,79 

2 (n = 12) 14,600 16,791 2,79 

3 (n = 12) 4,046 3,753 2,79 

 
Niveau critique : F ou 1/F < Fcritique 
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Discussion 
 
The bias between the reference method and the Petrifilm CC plate is not 
significant for the first level. A significant bias is obtained for the two other 
levels. 
 
However, the observed values (respectively - 0,07 a, d - 0,09 log CFU/g) are 
low values. 
 
The repeatability and reproducibility limits are similar for both methods for the 
tested levels. 
 
The ratio repeatability / reproducibility are similar for both methods. They are 
above 2 for level 2. 
 
The dispersion between the laboratories is important for level 2 for both 
methods ; it is better for the alternative method for levels 1 and 3. 
 
 

4 CONCLUSION 
 
Conclusions of comparative study are the following: 
 
The Petrifilm CC plate shows satisfying linearity. 
 
The Petrifilm CC plate shows satisfying relative accuracy for all products. 
 
Petrifilm CC plate and ISO 4832 standard show equivalent specificity and 
selectivity. 
 
The time delays to obtain results are equivalent between both method, i.e.  
24 h ± 2 h. The Petrifilm CC plate minimizes the incubation space, the 
volume of wastes and the manipulation between two different analysis steps. 
 
Conclusions of the interlaboratory study are the following: 
 
The bias between the two methods are small for the three level tested : + 
0,03, - 0,07 et - 0,09 CFU/g. 
 
The repeatability and the reproducibility limits are similar between both 
methods. 
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Annex 1 - Alternative method use instruction 
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Annex 2 - Relative linearity: regression equation 
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GMFR Regression
(Pasteurised milk)

y = 1,0232x - 0,0119
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OLS 1 Regression
(Raw fish fillet)

y = 0,9729x + 0,0652
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GMFR Regression
(Egg product)
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OLS 1 Regression
(Green peas)

y = 1,0556x - 0,1869
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Annex 3 - Relative accuracy:  regression equation 
 

  

  

GMFR Regression
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 GMFR Regression
(Egg products)

y = 0,9903x + 0,2166
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 GMFR Regression
(Egg products)
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GMFR Regression
(Meat products)

y = 0,9403x + 0,4043
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All products 
 

 

 

 
 

 

GMFR Regression
(Vegetables)
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GMFR Regression
All products
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