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

 
Foreword 

 
Competences of the laboratory are cert ified by COFRAC accreditation for the 

analysis marked with symbol �. 

 
Any element, which allows the certific ation of the analysis quality, can be 

consulted by BIOMERIEUX. 

 

The results are presented according to the NF EN ISO 16140 standard. 

 
o Firm : Société BIOMERIEUX 
 Chemin de l’Orme 
 69280 MARCY L’ETOILE 
  
o Expert Laboratory  : ADRIA Développement 
 ZA Creac’h Gwen 
 29196 QUIMPER Cedex 
 FRANCE 
 
o Studied method  :  TEMPO ® EB method 
 
o Validation standard : NF EN ISO 16140 (October 2003): Food 

microbiology – Protocol for the validation of 
alternative methods 

 
o Standard method ♦ :  NF ISO 21528-2: Microbiology of food and animal 

feeding stuffs -Horizontal methods for the 
detection and enumeration of Enterobacteriaceae 
- Part 2: Colony-count method 

 
o Validation area : All food products and pet food, except beverages 

and feedstuffs. 
 

                                            
♦ NF ISO 21528-2: analysis performed according to the COFRAC accreditation  
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1 INTRODUCTION 
 
1.1 Validation standard 

 
The validation 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 
 
TEMPO® system is an automated method associating an innovative card 
with an adapted medium to ensure rapid enumeration of several quality 
indicators.  
 
The TEMPO® EB test consists of a vial of culture medium and a card, which 
are specific to this test. The culture medium is inoculated with the sample to 
be tested and homogeneously transferred by the TEMPO® Filler into the 
card containing 48 wells of three different volumes. The TEMPO® Filler seals 
the card in order to avoid any risk of contamination during subsequent 
handling.  
 
The culture medium contains fluorescent pH indicator which, when its pH is 
neutral, emits a signal detected by the TEMPO® Reader. During incubation, 
the Enterobacteriaceae present in the card assimilate the nutrients in the 
culture medium, resulting in a decrease of pH and the extinction of the 
fluorescent signal.  
 
Depending on the number and size of the positive wells, the TEMPO® system 
deduces the number of Enterobacteriaceae present in the original sample 
according to a calculation based on the MPN (Most Probable Number) 
method. Card reading, interpretation and reporting are managed by the 
TEMPO® system after a 22h incubation at 35°C. TEMPO® EB method allows 
Enterobacteriaceae enumeration.  
 
General use instructions are shown in Annex  1; the general protocol is 
presented below: 
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Sample 1/10 dilution in a TEMPO® stomacher bag 
Diluent : peptone-salt 

 
 

 1/4000 Dilution 1/400 Dilution 1/40 Dilution  

 
3,9 ml distilled water 3,9 ml distilled water 3 ml distilled water 
 + + + 
0,1 ml suspension 1/100  0,1 ml suspension 1/10  1 ml suspension 1/10 
  in a TEMPO® EB vial  

 
Incubation : 22 h - 27 h at 35°C ± 1°C 

 
Reading 

 
The 1/40 dilution allows 10 to 49 000 cfu/g enumeration 
The 1/400 dilution allows 100 to 490 000 cfu/g enumeration 
The 1/4000 dilution allows 1 000 to 4 900 000 cfu/g enumeration. 
 

1.3 Application area 
 

All food products and pet food, except beverages and feedstuffs. 
 

1.4 Standard method 
 
The reference method is the ISO 21528-2 method (December 2004): 
Horizontal methods for the detection and enumeration of Enterobacteriaceae 
- Part 2: Colony-count method (Cf. Annex 2).  
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2 COMPARATIVE STUDY 
 
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 by mixing pure culture serial dilutions with 
5 food categories: dairy, meat, egg products, seafood and pet food. Five 
contamination levels were analysed with two repetitions. 50 analyses were 
performed by the alternative and the standard methods. The contamination 
levels, the tested samples and the inoculated strains are presented in the 
table below:  
 
 

 
During the samples preparation steps, different dilutions were realised 
according to the contamination levels: 
 
- The samples inoculated by levels included between 100 and 5.103 CFU/g 

were analysed by performing a 1/40 dilution.  
- The samples inoculated by levels included between 500 and 1.104 CFU/g 

were analysed by performing a 1/400 dilution.  
- The samples inoculated by levels included between 5.103 and 1.104 CFU/g 

were analysed by performing a 1/4000 dilution.  
 

2.1.2 Results 
 

Two interpretations were done: 
 
- Interpretation combining all the dilutions: 

Contamination level 1: 1/40 
Contamination level 2: 1/40 

Samples Strains Contamination levels (CFU/g) 
Ground beef Enterobacter cloacae 128 
Egg products Klebsiella pneumoniae 114 
Milk Escherichia coli 94 
Fish terrine Citrobacter freundii 24 

Pet food Hafnia alvei 124 

 
 
100 - 500 – 1000 – 5. 103 - 1.104
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Contamination level 3: 1/400 
Contamination level 4: 1/400 
Contamination level 5: 1/4000 

 
- Interpretation by minimizing dilutions variations: 

Contamination level 1: 1/40 
Contamination levels 2-3-4-5: 1/400 

 
The bi-dimensional graphs are shown in Annex 3. 
 

2.1.3 Statistical interpretations  
 
Statistical interpretation results are shown in the tables below by combining 
the dilutions or not. 

 
- Combined dilutions: 

 

Matrix R 
Selected 

regression 
Rob.F 

Critical 
value 

P% 
Correlation 
coefficient 

Regression equation* 

Raw ground beef 2,17 OLS1 4,286 5,41 8 0,986 log Alt = 1,114 - 0,351 log Ref 
Milk 2,70 OLS1 0,000 5,41 100 0,989 log Alt = 1,102 - 0,181 log Ref 

Fish Terrine 8,00 OLS1 1,482 5,41 33 0,991 log Alt = 1,096 - 0,299 log Ref 
Raw egg product 8,00 OLS1 2,160 5,41 21 0,987 log Alt = 1,045 - 0,091 log Ref 

Pet food 8,33 OLS1 0,385 5,41 77 0,985 log Alt = 1,004 - 0,012 log Ref 
* 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 

 

- Dilutions 1/40-1/400: 
 

Matrix R Selected 
regression 

Rob.F Critical 
value 

P% Correlation 
coefficient 

Regression equation* 

Raw ground beef 3,33 OLS1 2,887 5,41 14 0,973 log Alt = 1,067 - 0,137 log Ref 
Milk 0,50 GMFR 0,219 5,41 88 0,999 log Alt = 0,998 - 0,138 log Ref 

Fish Terrine 8,00 OLS1 1,662 5,41 29 0,991 log Alt = 1,141 - 0,416 log Ref 
Raw egg product 4,00 OLS1 5,504 5,41 5 0,994 log Alt = 1,058 - 0,116 log Ref 

Pet food 7,67 OLS1 2,199 5,41 21 0,974 log Alt = 0,965 - 0,004 log Ref 
* 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 are shown in Annex  3  (combined dilutions or not). 
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2.1.4 Discussion 
 
The linearity is accepted in all cases, for all food categories, with 
P values ≥ 5 % and correlation coefficients superior to 0,97 
 
TEMPO® EB shows satisfying linearity. 

 
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 1. 
 

Table 1 – Number and nature of the samples 
 

Food category Types Number of samples 
 analysed 

Number of results 
used 

Meat products Raw meat, delicatessen, ready to eat food  22 19 
Dairy products Raw milk, cheese, milk powder 15 11 
Fish & Seafood  
and Fruits & 
vegetables 

Frozen products, salads, ready to eat food, raw fish 
and seafood, smoked fish 22 11 

Egg products Egg product, ready to eat food, pastries 18 12 
Pet food Desiccated products, cat and dog food, raw meat 15 10 
 

2.2.2 Artificial contamination of the samples 
 
No contamination was realised. 

 
2.2.3 Results 

 
Samples have been analysed in duplicate for each of the two methods 
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Table 2 
 

Food category Contamination scale (log CFU/g) 

Meat products 2,08 to 6,52 

Dairy products 2,70 to 6,40 

Fish & Seafood and Fruits & vegetables 1,40 to 5,98 

Egg products 1,54 to 6,08 

Pet food 3,36 to 5,69 

 
Bi-dimensional graphs for each category and for all samples analysed are 
presented in Annex 4.  
 

2.2.4 Interpretation 
 

Table 3 
 

P% 
Category n R Regression 

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

Slope at 
1 

Meat products 19 3,17 OLS1 0,089 0,439 0,982 0,330 2,110 67 75 
Dairy products 11 3,00 OLS1 0,065 0,181 1,025 0,298 2,262 86 77 
Egg products 12 1,48 GMFR -0,346 4,648 1,087 4,886 2,228 0 0 

Fish & Seafood and 
Fruits & vegetables 11 1,83 GMFR 0,130 0,363 0,974 0,249 2,262 72 81 

Pet food 10 1,76 GMFR -0,634 2,190 1,147 2,234 2,310 6 6 
All products 63 1,86 OLS1 -0,037 0,318 1,020 0,683 2,000 75 47 

 
Repeatability limits obtained for the alternative and reference methods as 
well as bias D obtained for both methods are presented in table 4. 
 

Table 4 
 

Category Bias D Alternative method 
repeatability limit 

Reference method 
repeatability limit 

Meat products 0,015 0,558 0,176 
Dairy products 0,195 0,264 0,088 
Egg products 0,015 0,308 0,454 

Fish & Seafood and  
Fruits & vegetables 

-0,015 0,323 0,176 

Pet food 0,023 0,440 0,250 
All products 0,050 0,382 0,205 

 
Regression straight lines (graph and equation representations) for each food 
category and for all matrices are presented in Annex 4.  
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2.2.5 Discussion 
 

Bias between both methods shows a low value: +0,05 log CFU/g. This bias is 
non significant. 
 
The reference method repeatability limits show smaller values than the 
alternative method repeatability limits, except for the “Egg products” 
category. 
 
The intercept close to 0 and slopes close to 1 are validated by statistical tests 
for all categories.  
 
For all food products, the regression straight line is the following:  

log (TEMPO EB) = 1,020 log (ref) - 0,037 
TEMPO® EB method shows satisfying relative accuracy. 

 
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 
cultures of Escherichia coli 15. 
 
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 blank samples 
determinations.  
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2.3.2 Results 
 
Data are intrinsic to the method used and are presented in the following 
tables: 
 

Table 5 
 

Level Positive samples nb Standard deviation Bias 
0 CFU/g 0 / 6 / / 

10 CFU/g 5 / 6 0,707 4 
50 CFU/g 6 / 6 10,954 10 

 
Table 6 

 
 Formulas Obtained values 

LC S0 + X0 5,2 

LOD S0 + X0 6,3 

LOQ S0 + X0 11,1 

 
 

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 in figure 1. 
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Figure 1 – Accuracy patterns for the different matrices used 
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2.5 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 selectivity is defined as a measure of the degree of non-interference in the presence of 
non-target analytes. A method is selective if it can be used to detect the analyte under 
examination, and that a guarantee can be provided that the detected signal can only be a 
product by that specific analyte. 
 

2.5.1 Trial protocols  
 

After thawing and growth in BHI broth at appropriated temperatures, decimal 
dilutions have been done and enumerated in duplicate by TEMPO® EB and 
ISO 21528-2 methods. Bacterial count has been done in parallel with PCA 
agar inclusion plating in order to verify inoculation level. 
 

2.5.2 Results 
 
� Inclusivity 
 
30 positive strains were tested.  
 
The results were similar between both method, except for the Citrobacter 
diversus CIP 8594 strain which shows no growth on VRBG, but which was 
enumerated by TEMPO® EB method. 
 
The Rhanella aquatilis 69 strain was not enumerated by both methods. 

 
� Exclusivity 
 
On 21 tested negative strains, 2 strains of Xanthomonas maltophilia gave a 
positive result by the alternative method and the reference method. 
 
TEMPO® EB method shows a good specificity and selectivity. 
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2.6 Praticability 
 
2.6.1 Real manipulation time and flexibility of the technique related to 

the number of sample to study 
 
Time in minutes 
 

Reference method TEMPO® EB method Step 
1 sample 20 samples 1 sample 20 samples 

Sampling 2 45 2 45 
Diluent, stomach 1 15 2 15 
Dilutions 7 67 2 20 
Reading 2,5 60 0,45 2 
Confirmation tests 12 195   
Total time 24,5 382 5,45 82 
Total time per 
sample 24,5 19,1 5,45 4,1 

 
Time indicated does not take into account medium preparation, which is only 
necessary for the reference method. TEMPO® method uses ready to use 
TEMPO® EB medium. 

 
The use of TEMPO® EB method reduces manipulation time needed, in 
particular during sample readings. For instance, four to five less time is 
needed for TEMPO® EB than for NF ISO 21528-2 method for the analysis of 
20 samples. TEMPO® EB provides a confirmed result. 
 
Time saved in waste management is also useful to mention here. 
 
Consumable volume for TEMPO® EB method is significantly reduce to the 
one needed for NF ISO 21528-2 method. The different consumables required 
for one sample analysis are listed below:  
- for the realisation of TEMPO® method: 

* 90 ml of diluent, 
* 1 card EB, 
* 1 vial EB, 
 

- for the realisation of NF ISO 21528-2 method: 
* 90 ml of diluent, 
* 2 tubes of 9 ml TS, 
* 6 VRBG Petri Dishes, 
* Nutrient Agar Petri Dishes, 
*  Oxidase reagent, 
*  tubes of BCP glucose. 
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The space needed for incubation is much smaller for TEMPO® EB than for 
NF ISO  21528-2 method. The measurement of one TEMPO® card holder 
(20 tests EB) is 22,5 cm x 10,5 cm; For the NF ISO 21528-2 method 
(analysis of 20 samples), 120 Petri dishes are needed, i.e. 20 piles of 6 Petri 
dishes. 
 

2.6.2 Time delay to obtain the results 
 

Step Reference method TEMPO® EB method 
Sampling 
Grinding 
Analysis 

J0 J0 

Reading J1 J1  
Confirmation J3 / 

 
The time delay to obtain results is significantly lower with the use of TEMPO® 
EB: 22 h instead of 72 h. 
 

2.6.3 Results Traceability 
 
TEMPO® Filler and TEMPO® Reader ensure complete traceability: 
 
- sample identification, 

- test realisation time, 

- operator who realised the test, 

- reagent pack numbers and consumables, which have been used, 

- incubation time and time remaining before card reading, 

- hour of card reading, 

- number of readings for each card 

- operator who realised the reading, 

- Results edition, associating the result (CFU/g) to the sample, to the 
parameter tested and to the analysis date, 

- possible transfer towards a LIMS (Laboratory Information Management 
System). 
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2.6.4 Laboratory maintenance  
 
TEMPO® Reader performances are controlled once a month with TEMPO 
QC kit which is composed of: 
 
- 3 vials TEMPO® QC 8 µM, 
- 2 vials TEMPO® QC 20 µM, 
- 3 cards TEMPO® QC 8 µM, 
- 2 cards TEMPO® QC 20 µM, 
- 1 package insert 
 
This kit verifies that the fluorescence level measured by TEMPO® Reader is 
conform to the levels expected ensuring the good calibration of the device. 
 

TEMPO® system offers important economic savings by standardizing 
the analysis and by minimizing the training time, the volume of wastes 
and the number of operations. Workflow study demonstrates a 4 to 5 
fold reduction of the manipulation time by using TEMPO® EB 
comparing to reference ISO method. 
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3 COLLABORATIVE STUDY 
 

3.1 Study organisation  
 
9 Collaborator laboratories 
 
12 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 half-skimmed milk has been inoculated by Escherichia coli 94, 
isolated from dairy product. 
 
9 Inoculation 
 
Inoculation levels targeted are: 
 
- Level 0: <10 CFU/ml, 
- Level 1: 100 – 1 000 CFU/ml, 
- Level 2: 1 000 – 10 000 CFU/ml, 
- Level 3: 10 000 – 100 000 CFU/ml.  
 
Each laboratory received eight flasks of 25 ml sample, i.e. two flasks per 
inoculation level. Furthermore, one non-inoculated sample has 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. 
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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. 
 

3.2 Verification of experimental parameters  
 
3.2.1 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 7. 
 

Table 7 - Escherichia coli 94 count with   
NF ISO 21528-2 method (in log CFU/ml) 

 
 Level 1 Level 2 Level 3 
 Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2 

Day 0 100 140 900 850 9 300 7 500 
Day 1 100 70 740 570 8 800 7 700 
Day 2 70 60 750 750 7 800 5 900 

 
No evolution of the strain has been observed after 48 h of storage at 4°C in 
the isothermal box. 
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3.2.2 Results obtained for both methods 
 
Enterobacteriaceae counts obtained by the expert laboratory with  
ISO 21528-2 and TEMPO® EB methods are presented in table 8. 
 

Table 8 – Expert lab results (in log CFU/g) 
 

Reference method 
ISO 21528-2 

Alternative method  
TEMPO® EB 

Duplicate 1 Duplicate 2 

Targeted 
rate 

(log CFU/g) 
Duplicate 1 Duplicate 2

D 1/40 D 1/40 
< 1 < 1 < 1 < 1 < 1 

1 to 2 1,91 1,81 1,77 2,15 
2 to 3 2,75 2,74 3,04 2,91 
3 to 4 3,88 3,88 4,08 3,96 

 
Contamination levels targeted have been reached. 
 

3.2.3 Sample temperature on receipt 
 
Measured temperatures on receipt are listed in table 9. 
 

Table 9 – Sample temperature on receipt 
 

Laboratories Measured 
temperature on 

receipt (°C) 

Date of sample arrival Temperature measured 
by the thermobutton  

(°C) 
A 3,0 26/09/06 09h10 2,0 
B 14,0 27/09/06 09h50 12,0 
C 3,1 26/09/06 10h15 0,5 
D 1,0 26/09/06 09h00 0,5 
E 3,6 26/09/06 08h15 0,0 
F 1,0 26/09/06 08h00 0,5 
G 1,1 26/09/06 09h30 0,5 
H 13,2 27/09/06 11h00 13,5 
I 15,1 27/09/06 10h00 14,0 
J 17,8 27/09/06 15h30 16,5 
K 13,2 26/09/06 13H30 4,5 
L This laboratory did not participate to the study. 
M 3,7 26/09/06 11h00 1,5 
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3.2.4 Sample temperature during transport 
 
The packages were received on 06/09/26 by 8 laboratories: labs A, C, D, E, 
F, G, K and M. The lab K measured temperature on receipt was 13,2°C, 
when the temperature measured by the thermobutton 4,5°C. 
 
Four labs have received the packages on 06/09/27, with temperature on 
receipt superior to 8,4°C: labs B, H, I and J. 
 
Growth simulations of the E. coli 94 strain have been estimated with the 
SYM’PREVIUS1 predictive program, according to: 
 
• The pH, temperature and aw cardinal values of E. coli strains from the 

SYM’PREVIUS database, 
• The milk physico-chemical parameters (pH and aw)  
• The temperature checked by the thermobutton. 

 
The simulation results are shown annex 4. 

 
For the lab H, the temperature was upper to 8,4°C for a short time. The 
simulation shows a low bacterial growth, lower to 0,15 Log CFU/g. The lab H 
data have been included to the statistical interpretations.  
 

3.3 Results  
 

3.3.1 Synthesis of the results obtained by both methods 
 
A results synthesis is presented in table 10.  

                                            
1 http://www.symprevius.net 
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Table 10 - Synthesis of results obtained with NF ISO 21528-2 method  
(in CFU/g) 

 

Level 0 Level 1 Level 2 Level  3 

Laboratories Reference 

method 

Atlernative 

method 

Reference 

method 

Atlernative 

method 

Reference 

method 

Atlernative 

method 

Reference 

method 

Atlernative 

method 

A <10 <10 <10 <10 110 75 45 86 710 740 730 930 9000 7900 15000 6800 

C <10 <10 <10 <10 85 80 59 10 840 790 730 390 9100 9200 6800 11000 

D <10 <10 <10 <10 75 65 83 120 600 540 710 640 9500 8100 11000 11000 

E <10 <10 <10 <10 65 40 68 83 570 500 520 810 7400 7800 9100 9100 

F <10 <10 <10 <10 80 120 <10* 100 820 910 530 950 8400 7600 12000 6700 

G <10 <10 <10 <10 120 65 89 57 810 820 360 810 9600 9200 6000 6000 

H <10 <10 <10 <10 65 80 57 83 660 1000 480 400 8000 6100 6000 6800 

K <10 <10 <10 <10 90 150 200 140 1200 1200 2100 1300 14000 12000 30000 15000 

M <10 <10 <10 <10 140 110 59 86 810 930 1400 1100 10000 8300 11000 12000 

 
* No result has been taken into account for the level 1 for this lab, due to the absence 

of inoculation for this test. 
 
 

3.3.2 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, ref). 
 
Median (MED {di} of di allows the determination of bias D  
(MED{di} = bias 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). 
 
t(d) values obtained by level are reported in table 11. 
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Table 11 - t(d) values obtained by level  
 

Bias D Level Labs number 
d 1/40 

Critical t 
ddl (n-1) Conclusion 

1 n = 8 -  0,06 2,365 non significant bias 
2 n = 9 0,06 2,306 non significant bias 
3 n = 9 0,08 2,306 non significant bias 

Critical level: t(d) < critical t 

 
During the preliminary study, the bias evaluated between both methods was 
equal to 0,050 log CFU/g. This low value is confirmed by collaborative study 
data: the bias varied from – 0,06 to + 0,08.  
 
The bias obtained between TEMPO® EB and ISO 21528-2 methods is 
non significant. 
 

3.3.3 Repeatability calculation 
 

Values obtained for the repeatability limit, as well as values obtained for F 
test are reported in table 12. 
 

Table 12 – Obtained values for repeatability limit and values for F test  
 

Repeatability limit 
Level 

 
Labs number 

Reference 
method 

Alternative 
method 

Calculated F 
(or 1/F*) 

Critical F 
(0,05 ; n ; n) 

P % 

1 n = 8 0,398 0,480 1,453 3,44 30 

2 n = 9 0,133 0,565 18,112 3,18 0 

3 n = 9 0,166 0,160 1,085* 3,18 45 

 
Statistical Interpretation 
P > 5% : non significant   1 % < P < 5 % : significant 
0,1 % < P < 1 % : highly significant  P < 0,1 % : very highly significant 
 
During the preliminary study, the repeatability limits were estimated to: 
 
- 0,382 log CFU/g for the alternative method, 
- 0,205 log CFU/g for the reference method. 
 
The alternative method and reference method repeatability limits are similar 
for the levels 1 and 3.  
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3.3.4 Reproducibility 
 

Values obtained for reproducibility limit, as well as values obtained for F test 
are given in table 13. 

 
Table 13  - Obtained values for reproducibility limit and F Test values 

 
Reproducibility limit 

Level Labs number Reference 
method 

Alternative 
method 

Calculated F 
(or 1/F*) 

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

1 n = 8 0,456 0,480 1,096* 3,79 45 
2 n = 9 0,202 0,569 7,947 3,44 0 
3 n = 9 0,226 0,397 3,092 3,44 7 

 
Statistical Interpretation 

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

 
The alternative method and reference method reproducibility limits are similar 
for the levels 1 and 3.  

 
The ratio reproducibility limit / repeatability limit are given in table 14. 
 

Table 14 - Ratio of reproducibility limit / repeatability limit 
 

Reproducibility limit / repeatability limit Level  Labs number 
Reference method Alternative method 

1 n = 8 1,147 1,000 
2 n = 9  1,520 1,007 
3 n = 9 1,357 2,486 

Critical level: reproducibility / repeatability < 2 

 
Reproducibility limit / repeatability limit ratio observed with TEMPO® EB and 
the reference method are comparable between laboratories. 

 
3.3.5 Dispersion between laboratories 

 
Level Labs number Reference method 

F ou 1/F* 
Alternative method 

F ou 1/F* 
Critical F  

(0,05 ; n - 1 ; n) 
1 n = 8 1,630 1,537* 3,50 
2 n = 9 3,618 1,026 3,23 
3 n = 9 2,685 11,362 3,23 

Critical level : F or 1/F < F (critical) 

 
The dispersion between laboratories is similar for both methods for levels 
1 and 2. 
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4 CONCLUSION 
 

Conclusions of comparative study are the following: 
 

9 TEMPO® EB linearity and relative accuracy are satisfactory. 
Repeatability limits of TEMPO® EB method show correct values, 
contained between 0,558 and 0,264 log CFU/g. 

 
9 For all products, bias between both methods is non significant 

(0,05 log CFU/g).  
 
9 TEMPO® EB method shows satisfying selectivity and specificity. 

 
9 TEMPO® system offers important economic savings by: 

o standardizing the analysis 
o minimizing the training time, the volume of wastes and the 

number of operations.  
o no confirmation step 
o results in 22h instead of 72h 

 
Workflow study demonstrates a 4 to 5 fold reduction of the 
manipulation time by using TEMPO® EB comparing to reference ISO 
method. 
 
 

Conclusions of the interlaboratory study are the following: 
 

9 Bias observed between both method show low values, between  
-0,06 and +0,08; they are non significant. 

 
9 Repeatability limits of the TEMPO® EB method are between 0,565 

and 0,160; those of the reference method between 0,398 and 0,166. 
 

9 Reproducibility limits of the TEMPO® EB method are between 0,569 
and 0,397; those of the reference method between 0,456 and 0,202. 

 
9 Dispersion of the results between laboratories is similar for both 

methods. 
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Annex  1 – Package insert of the alternative method 
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Annex  2 – Reference method 
 

First suspension and decimal dilutions in  peptone-salt 
↓ 

1 ml per Petri dish (2 Petri dishes per dilution) 
↓ 

10 ml of VRBG medium  
↓ 

Solidification 
↓ 

Double layer (15 ml) 
↓ 

Incubation at 37°C ± 1°C 
24 h ± 2h 

↓ 
Confirmation tests:  

Oxidase and BCP glucose fermentation tests 
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Annex  3 – Linearity study  
 
Bi-dimensional graphs: combined dilutions analysis 
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Bi-dimensional graphs : dilutions 1/40-1/400 
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Regression straight lines: combined dilutions analysis 
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Regression straight lines: dilutions 1/40-1/400 
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Annex  4 – Relative accuracy 
 
Bi-dimensional graphs 
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Aliments pour
 animaux de compagnie
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Regression straight lines for each food category and for all matrices 
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