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spreadsheet is available in the end of chapter 5.  
 
Example 2: Accuracy profile 
In this example, 1 specific type of a food category is chosen. Then 6 levels, each with 5 replicates are analysed 
by both the reference and the alternative method. The results obtained by the reference method are given in 
Table 5.3, the results obtained by the alternative method are given Table 5.4 and a summary of the results and 
the values needed for the accuracy profile (Figure 5.2) is given in Table 5.5. 
 
Table 5.3: Results of the replicates for the different levels obtained by the reference method.  

Levels Replicates Reference Method, levels in log10/g  Median �^���A�O�í�l�ð�| 
�T�~�Æ-mean)   1 2 3 4 5 

1 low 2.00 2.04 2.48 2.34 <2 2.18 0.587 
2 low 2.42 2.36 2.56 2.41 2.59 2.42 0.099 
3 intermediate 3.54 3.70 3.63 3.69 3.69 3.69 0.066 
4 intermediate 3.65 3.43 3.69 3.61 3.71 3.65 0.111 
5 high 5.40 5.45 5.23 5.41 5.24 5.40 0.103 
6 high 5.41 5.32 5.59 5.40 5.52 5.41 0.107 

Combined standard deviation, SDREF =√1/6∑SDi
2 0.256 

 
Table 5.4: Results of the replicates for the different levels obtained by the alternative method. 

Levels Replicates Alternative Method, levels in log10/g  Median �^���A�O�í�l�ð�| 
�T�~�Æ-mean)   1 2 3 4 5 

1 low 2.26 2.18 2.00 2.46 2.54 2.26 0.219 
2 low 2.30 2.40 2.34 2.28 2.65 2.34 0.151 
3 intermediate 3.71 3.62 3.75 3.65 3.76 3.71 0.060 
4 intermediate 3.61 3.26 3.61 3.32 3.43 3.43 0.164 
5 high 5.50 5.53 5.46 5.48 5.48 5.48 0.026 
6 high 5.28 5.30 5.46 5.36 5.40 5.36 0.073 

Combined standard deviation, s alt SDALT =√1/6∑SDi
2 0.134 

 
Calculate the bias (the difference between the medians of the replicates obtained by the alternative method 
and the reference method).  Further, compute the interval where the expected portion of future results will 
fall, upper level, U, and lower level, L, (in 16140-2 named upper and lower β-ETI). This interval is calculated as  
 
Bias ± T·salt√(1+1/n),  
 
where  

• bias is the difference between the obtained medians 
• T is a factor from the student t- distribution for a chosen probability (80%) and degrees of freedom  

(here 24),  T = T(1/2(1-0.8),q(n-1)); where q=number of levels and n=number of replicates, 
T= T(0.1;6(5-1))=T(0.1;24) 
so for the validations T= 1.71 (formula in the excel spreadsheet is: = TINV (0.1;24)) 

• salt is the combined standard deviation of results obtained by the alternative method 
• n is the number of replicates = 5 

 
The expected level will then be: Bias (for each level) ± salt·1.87 
In this example the salt = 0.134, hence the expected levels would be Bias (for each level) ±0.25  
 
Note: As the calculations are carried out in excel spreadsheet there might be some rounding issues. 
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The obtained results are satisfactory if the upper and lower levels do not cross the upper and lower acceptance 
limits, AL, of ±0.5 log units. 
 
For each category, summarise the results as shown in Table 5.5 and illustrated graphically in Figure 5.2 
 
Table 5.5: Accuracy profile for one category 
 

Levels Median Ref SD Median Alt SD Bias 
Upper 

level, U 

Lower 

level, L 

Upper 

AL 

Lower 

AL 

1 low 2.18 0.587 2.26 0.219 0.08 0.33 -0.18 0.5 -0.5 

2 low 2.42 0.099 2.34 0.151 -0.08 0.17 -0.33 0.5 -0.5 

3 intermed 3.69 0.066 3.71 0.060 0.02 0.27 -0.23 0.5 -0.5 

4 intermed 3.65 0.111 3.43 0.164 -0.22 0.03 -0.47 0.5 -0.5 

5 high 5.40 0.103 5.48 0.026 0.08 0.33 -0.17 0.5 -0.5 

6 high 5.41 0.107 5.36 0.073 -0.05 0.20 -0.30 0.5 -0.5 

Combined SD  0.256  0.134  

 

 

 

Figure 5.2: Accuracy profile for one category 
 
Whenever no biases exist, these values for the category are located on the horizontal reference line. In the figure 
above, the acceptability limits (AL) are represented by the purple and the light blue lines.  The levels where the 
results might be expected to vary between (upper and lower levels) are given as red and green lines. The bias 
(the difference obtained by the results obtained by the alternative method and the reference method) is given 
as the blue line. 
If the upper level (red line) is below the upper AL (purple line), and the lower level (green line) is above the lower 
AL (light blue line) the alternative method is accepted as being equivalent to the reference method.  
Accuracy profile is conducted for all categories.  
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If any of the upper or lower levels exceeds the Acceptability Limits, AL, and the standard deviation of the 
reference method, sref > 0.125, then calculate new Acceptability Limits as ALs =4· sref . If the U ≤ ALs and L≥ ALs for 
all replicates, the alternative method is accepted as being equivalent to reference method. 
 
For the Accuracy Profile calculations, an Excel® spreadsheet is available for download here:  
A4_AP calculation tool MCS.xlsx 
 

5.1.3  Limit of quantification study 
 
 
5.1.3.1  General considerations 
 
For some alternative methods, it is of interest to determine the limit of quantification (LOQ). The LOQ is only 
relevant when the measurement principle of the alternative method is not based on counting visible colonies 
of the target microorganism and shall therefore be determined in these cases. Examples of methods for which 
the LOQ needs to be determined, are the instrumental measurement of conductivity or fluorescence, which is 
related to the growth of the microorganism. 
 
5.1.3.2  Selection of matrices and number of samples  
 
Select the same categories and types as used for the accuracy profile study.  
 
If the LOQ needs to be determined, blank samples are tested per type/category used. These blank samples 
are used to verify the limit of quantification of the alternative method. A minimum of 10 test portions from 
the same sample shall be used. Examine the test portions with the alternative method. 
 
5.1.3.3  Calculation and interpretation of limit of quantification study 
 
The 10 results per type/category are used to estimate the baseline or threshold standard deviation s0. 
Calculate the standard deviation s0 of the n results as follows: 
  

 
 

where 
n is the total number of test portions used; 
yj is the log10 transformed result of test portion j; 
y is the average log10 transformed result of all test portions.  
 
The limit of quantification is calculated as LOQ = 10 s0. 
 

5.1.4  Inclusivity and exclusivity study 
 
Inclusivity and exclusivity testing is not required for general enumeration methods such as total plate count 
(TPC) and yeast & mould (Y&M) methods. It is required for enumeration methods designed for specific 
microorganisms (e.g. Listeria). 
 
 
 
5.1.4.1  Selection and number of test strains 
 
A range of strains should be used. The strains used should take into account the measurement principle of the 
alternative method (e.g. culture-based, immunoassay-based, and molecular). Different measurement 
principles may require the use of different test panels of strains. 
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Each strain used should be characterized biochemically and/or serologically and/or genetically in sufficient 
detail for its identity to be known. Strains used should preferentially have been isolated from foods, feeds or 
the food-processing environment, or primary production taking into account the scope of the validation. 
However, clinical, environmental and culture collection strains can also be used. The original source of all 
isolates should be known and they should be held in a local (e.g. an expert laboratory), national or international 
culture collection to enable them to be used in future testing if required. 
 
For inclusivity testing, at least 50 pure cultures of (target) microorganisms should be tested. 
 
For exclusivity testing, at least 30 pure cultures of (non-target) microorganisms should be tested. 
 
NOTE 1      Some microorganisms will be difficult or impossible to culture, like viruses or protozoan parasites. 
Where the target organism cannot be cultured, pure suspensions of the test strains should be used for spiking 
at the earliest appropriate step of the method. 
 
NOTE 2      For some microorganisms it will be difficult to obtain the required number of strains for 
inclusivity and exclusivity. In these cases an agreed set of test strains should be selected by the parties involved 
in the validation study. 
 
 
5.1.4.2  Target microorganisms (inclusivity) 
 
Each test is performed once and with the alternative method, the reference method and a non-selective agar. 
The inoculum level should be at least 100 times greater than the minimum level for quantification of the 
alternative method being validated. When using a plate method as the alternative method, the inoculum level 
shall obtain a countable number on the plate. If results are negative, consideration could be given to repeat 
the test with the addition of a food item. 
 
5.1.4.3  Non-target microorganisms (exclusivity) 
 
Each test is performed once and with the alternative and the reference method. The inoculum level should be 
similar to the greatest level of contamination expected to occur in any of the categories being used. No 
sample is added. The pure culture should be grown in a suitable non-selective broth under optimal conditions 
of growth for at least 24 h and diluted to an appropriate level before testing is begun. 
 
NOTE         If the organism cannot be cultured a stock suspension should be diluted to an appropriate level 
before use. 
 
5.1.4.4  Expression and interpretation of results 
 
Tabulate the results as in Table 5.5 for the inclusivity tests and Table 5.6 for the exclusivity tests. The 
interpretation shall be done by the laboratory in charge of the method comparison study. The report should 
state any anomalies from the expected results. 
 
Table 5.5: Presentation of results for inclusivity 
 

Microorganisms Reference method Alternative method Non-selective agar 

1    

2    

Etc.    
 
NOTE: The interpretation of the inclusivity data for an alternative method using a plating medium is 
made on a qualitative basis. However, quantitative data should facilitate the interpretation of the data. 
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Table 5.6: Presentation of results for exclusivity 
 

Microorganisms Reference method Alternative method 

1   

2   

Etc.   
 
 

5.2  Interlaboratory study, ILS 
 

5.2.1  Number of laboratories and samples 
 
The aim of the ILS is to compare the performance of the alternative method to the reference method by 
different collaborators, using identical samples examined under reproducibility conditions. Further, to compare 
these results with pre-set criteria for the acceptable difference between the reference method and the 
alternative method. Wherever possible the study conditions should reflect the normal variation between 
laboratories. The ILS is organised by the expert laboratory. 
 
The ILS shall produce at least 8 valid data sets from at least 8 collaborators. The collaborators shall come from 
a minimum of 4 different organizations, but preferably 8 organizations, excluding the organizing laboratory. 
(Laboratories in different locations, but belonging to one company or institute, are accepted as different 
organizations.) A maximum of 3 data sets can be produced by one organization. Technicians, involved in the 
preparation of the samples used in the ILS, shall not take part in the testing of those samples within the ILS. 
 
The accuracy and precision estimates should be calculated from a large number of duplicate test results. 
Minimum 8 collaborators, 3 levels of contamination, 2 methods of enumeration (reference and alternative) 
and duplicate measurements, i.e. 8 × 3 × 2 × 2 = 96 results. 
 
The organizer is responsible for the preparation of the test protocol and a data sheet for the recording of all 
experimental data and critical experimental conditions used by each laboratory. Prior to the study, it is a good 
idea to send a test sample to each collaborator for checking their competence in the methods. 
 
 
The samples in the ILS should be 
 
• relevant matrix containing a natural background microflora 
 
• inoculated with the target organism. The protocol for inoculation of the samples shall be appropriate 
for the selected item. Samples shall be prepared and tested by the organising laboratory ensuring 
homogeneity  
 
• 3 different levels of contamination lower, middle and upper levels of the entire concentration range 
of the alternative method + a negative control level  
 
• 2 replicates each level; all samples should be blind coded to ensure that the analysts are not aware of 
their level of contamination 
 
• analysed by each laboratory at the stipulated date. 
 
The organising laboratory is reviewing the recorded data. No outlier tests are performed on the selected data. 
 

5.2.2  Calculations, summary and interpretation of data 
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Use log10 transformed results obtained from the different collaborators for both the reference and alternative 
method. For each level, calculate the mean, the repeatability (sr), the between series variation (SL

2), the 
reproducibility (SR), the bias and the expected levels as shown in the Example 3. 
 
Example 3: Results from ILS  
8 laboratories analysed 2 replicates (A and B) on 3 different levels on one type of sample by both the alternative 
method and the reference method. The results are collected in 3 different tables; one for each level. Some of 
the calculations are also shown in the tables 5.7- 5.9. 
 
Table 5.7: Results ILS, low level 
 

 Low level log10cfu/g 
Lab, n Reference method Alternative method 

 Replicates Calculation Replicates Calculation 

 A B (A-B)2 Mean X X2 A B (A-B)2 Mean .y y2 

1 2.48 2.41 0.0049 2.45 5.9780 2.08 2.34 0.0676 2.21 4.884 

2 2.40 2.32 0.0064 2.36 5.5696 2.41 2 0.1681 2.21 4.862 

3 2.26 2.20 0.0036 2.23 4.9729 2.04 2.18 0.0196 2.11 4.452 

4 2.18 2.15 0.0009 2.17 4.6872 2.34 2.32 0.0004 2.33 5.429 

5 2.28 2.21 0.0049 2.25 5.0400 2.18 2.11 0.0049 2.15 4.601 

6 2.15 2.28 0.0169 2.22 4.9062 2.2 2.15 0.0025 2.18 4.731 

7 2.26 2.38 0.0144 2.32 5.3824 2.2 2.2 0 2.20 4.840 

8 2.11 2.18 0.0049 2.15 4.6010 2.15 2.34 0.0361 2.25 5.040 

Sum 
  

0.0569 18.13 41.14   0.2992 17.62 38.87 

Mean 2.27     2.20     
Sr 0.060 =√(1/16·0,0569) 0.137 =√(1/16·0.2992) 

sL
2 0.009 = [(n·∑(X)2 –(∑X) 2)/n·(n-1)] - sr

2/2 
= [(8·41.14 –18.13 2)/(8·7)] – 0.0602/2  

0 
= [(8·38.87 –17.62 2)/(8·7)] – 0.2992/2= -
0.005 

If the value is < 0, the sL
2 is sat to 0 

SR 0.110 =√(sr
2+ sL

2) = √(0.062+0.009) 0.137 =√(0.1372+ 02) 
   

Bias  -0.07 
 

The results should be expressed as y ± k·sR, where y is the mean value of the alternative method and k is a 
constant (= 1.41 when using T(0.2; n-1) n is number of (here the degree of freedom is 8 -1 =7) and sR is the 
standard deviation of reproducibility. [In ISO 16140-2 the degree of freedom is calculated more exactly, 
however, the results will be similar when rounding the figures into relevant figures1. The example given in ISO 
16140-2 is repeated in NordVal Excel Spreadsheet with the “short cut” in calculation, providing similar result]. 

 
1 For the Interlaboratory study, ILS, NordVal International has a simpler approach for the degree of freedom of the constant, k in y ± ks. However, the results will be exactly the 

same. In ISO 16140-2, the degree of freedom is calculated as  
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sH =  and sL2 << sr2 , the H ≈ 0 and the equation is then equal to  v = p-1, 

where p = the number of laboratories. 
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y ± k·sR = 2.20 ± 1.41·0.137 = 2.20 ± 0.19 

Upper level, U = 2.20+ 0.19 = 2.39 

Lower level, L = 2.20 – 0.19 = 2.01 

U-X = Upper level – mean of the reference value:  2.39 – 2.27 =  0.13 

L-X = Lower level – mean of the reference value:  2.01– 2.27 = -0.26  

 
Table 5.8  Results ILS for the medium level 
 

 Medium Level log cfu/g 
Lab Reference method Alternative method 

  A B (A-B)2 Mean, X X2 A B (A-B)2 Mean, y y2 

1 3.26 3.28 0.0004 3.27 10.69 3.30 3.46 0.0256 3.38 11.42 
2 3.08 3.11 0.0009 3.10 9.58 3.32 3.11 0.0441 3.22 10.34 
3 3.23 3.18 0.0025 3.21 10.27 3.32 3.08 0.0576 3.20 10.24 
4 3.15 3.11 0.0016 3.13 9.797 3.18 3.38 0.0400 3.28 10.76 
5 3.23 3.26 0.0009 3.25 10.53 3.11 3.20 0.0081 3.16 9.954 
6 3.28 3.23 0.0025 3.26 10.60 3.32 3.26 0.0036 3.29 10.82 
7 3.36 3.41 0.0025 3.39 11.46 3.32 3.30 0.0004 3.31 10.96 
8 3.08 3.11 0.0009 3.10 9.579 3.34 3.15 0.0361 3.25 10.53 

Sum     0.0122 25.68 82.50     0.2155 26.08 85.02 
Mean 3.21   3.26     
Sr 0.028 =√(1/16·0.0122) 0.116     

sL
2 0.010 = [8·82.50–25.68 2)/(8·7)] – 

0.0282/2 -0.002 if < 0, then omitted 
 

SR 0.102 =√(0.0282+ 0.010) 0.116 

 
  

Bias   0.05   
U=y + 1.4 sR  = 3.26 + 1.41· 0.116 = 3.42    
L=y - 1.4 sR = 3.26 - 1.41· 0.116 = 3.10    
U-X =3.42 - 3.26 =  0.21    
L-X = 3.10 - 3.26 = -0.11     
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Table 5.9: Results ILS for the high level 

      
 High Level log cfu/g 

Lab Reference method Alternative method 

  A B (A-B)2 Mean, X X2 A B (A-B)2 Mean, y y2 

1 4.32 4.18 0.0196 4.25 18.06 4.23 4.43 0.04 4.33 18.75 
2 4.38 4.20 0.0324 4.29 18.40 4.28 4.36 0.0064 4.32 18.66 
3 4.18 4.15 0.0009 4.17 17.35 4.32 4.04 0.0784 4.18 17.47 
4 4.11 4.11 0 4.11 16.89 4.15 4.15 0 4.15 17.22 
5 4.18 4.34 0.0256 4.26 18.15 4.15 4.23 0.0064 4.19 17.56 
6 4.36 4.30 0.0036 4.33 18.75 4.32 4.28 0.0016 4.30 18.49 
7 4.08 4.18 0.01 4.13 17.05 4.11 4.08 0.0009 4.10 16.77 
8 4.11 4.08 0.0009 4.10 16.77 4.26 4.30 0.0016 4.28 18.32 

sum     0.093 33.63 141.43     0.1353 33.845 143.24 
Mean 4.20    4.23    
Sr 0.076 = √(1/16·0.093) 0.092    

sL
2 0.005 = [8·141.43–33.63 2)/(8·7)] – 

0.0762/2 0.004 
   

SR 0.105 =√(0.0762+ 0.005) 0.109    
Bias      0.03    
U=y + 1,4 sR  = 4,23 + 1,41· 0,109 = 4.38    
L=y - 1.4 sR = 4.23 - 1.41· 0.109 = 4.08    
U-X 4.38-4.20= 0.18    
L-X 4.08-4.20= -0.13    

 

Summary of the results 

The results of the ILS on the 3 levels are summed up in Table 5.10. These results are used for the graphical 
illustration of the accuracy profile 

Table 5.10 Summary of the results of the ILS 
 

Levels Ref 
method 

Alt. 
Method Bias U-x L-x AL 0.5 AL -0.5 

1 2.27 2.20 -0.06 0.13 -0.25 0.5 -0.5 
2 3.21 3.26 0.05 0.21 -0.11 0.5 -0.5 
3 4.2 4.23 0.03 0.18 -0.13 0.5 -0.5 
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Figure 5.3: Accuracy profile for Interlaboratory Study 
 
 
As the upper and lower level fall within the Acceptance Levels, the results are satisfactory.  
 
The examples for the quantitative analyses are given in the Excel file available for download here:  
NordVal Prot 1_A3_Quantitative methods plots.xlsx 
 
 
For the Accuracy Profile calculations an Excel® spreadsheet is available for download here:  
A5_AP calculation tool ILS.xlsx 
 
 
The results (tables and calculations) of the different parts and the interpretation of the results, including 
discrepant results, shall be given in a study report. 
 

6.  Appendix of resources 
 

Appendix 1 Sensitivity study: NordVal Prot 1_A1_Sensitivity study.xlsx 

Appendix 2 Qualitative analysis: NordVal Prot 1_A2_ILS Qualitative analysis.xlsx 

Appendix 3 Quantitative methods: NordVal Prot 1_A3_Quantitative methods plots.xlsx 

Appendix 4 Accuracy profile multiple comparison study: A4_AP calculation tool MCS.xlsx 

Appendix 5 Accuracy profile interlaboratory study: A5_AP calculation tool ILS.xlsx 
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