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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with ISO, also take part
in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

1 1C o dode oo doao o 2o o oo o d o oo cazatlb b o oo Sirarn-da-tlha lCO /I C N o oty D
Intel‘natlon TotantarasSar CurarcCt T attoTOanCCvv It T arCSgTv CIT T thCTo O TG DIT CCTIv eSSy T ATt 2

The main thsk of technical committees is to prepare International Standards. Draft Internatjonal
Standards 4dopted by the technical committees are circulated to the member bodies for vqting.
Publication [as an International Standard requires approval by at least 75 % of the member bpdies
casting a voge.

Attention is|drawn to the possibility that some of the elements of this document-may be the subjéct of
patent rightg. ISO shall not be held responsible for identifying any or all such patent rights.

[SO 16297|I)F 161 was prepared by Technical Committee ISO/TC 34, Food prodiicts, Subcommittee SC 5, Milk
and milk proglucts and the International Dairy Federation (IDF). It is being ptiblished jointly by ISO and |DF.
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Foreword

IDF (the International Dairy Federation) is a non-profit organization representing the dairy sector
worldwide. IDF membership comprises National Committees in every member country as well as
regional dairy associations having signed a formal agreement on cooperation with IDF. All members of
IDF have the right to be represented at the IDF Standing Committees carrying out the technical work.
IDF collaborates with ISO in the development of standard methods of analysis and sampling for milk and
milk products.

The main task of Standing Committees is to prepare International Standards. Draft International
Standards adopted by the Standing Committees are circulated to the National Committees for
endofrsement prior to publication as an International Standard. Publication as an International Standard
requfres approval by at least 50 % of IDF National Committees casting a vote.

Attention is drawn to the possibility that some of the elements of this document may’be the subject of
patent rights. IDF shall not be held responsible for identifying any or all such patent rights.

ISO [16297|IDF 161 was prepared by the International Dairy Federation (IDF) ang Technical
Compmittee ISO/TC 34, Food products, Subcommittee SC 5, Milk and milk products. Itis being published
jointly by IDF and ISO.

All work was carried out by Joint ISO-IDF Project Group (S07) ofthe’Standing Committee jon Statistics
and qutomation under the aegis of its project leader, Mrs. I. Andérsson (SE).

This| first edition of ISO 16297|IDF 161 cancels and replaces IDF 161A:1995, which has been
technically revised.
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Introduction

Any quantitative measurement in microbiology should consider that there is a requirement for the
microbiological stateinasampletoberegarded asone pointwithinthe co-ordinates ofamultidimensional
system, which is to be projected on to the one-dimensional scale of the method applied, i.e. plate count,
flow cytometry. Aspects such as flora (types and numbers of microorganisms and their distribution),
growth phase, sub-lethal damage, metabolic activity, and history, influence to a greater or lesser extent
any parameter that is measured. It is evident that any projection of an n-dimensional situation on to an
one-dimensional scale is bound to provide a picture of the real situation that is rather restricted. In this
respect one has to bow to the inevitable, regardless of which method of measurement is preferred.

The term reference (or official or anchor) method in this International Standard means a, nigthod
internationglly recognized by experts, used in legislation or by agreement between the parties. There
are requirements for evaluation of an alternative method to refer to the reference method/and fo be

based on th¢ examination of suitable samples for its intended use.

vi
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INTERNATIONAL STANDARD

ISO 16297:2013(E)

IDF 161:2013(E)

Milk — Bacterial count — Protocol for the evaluation of
alternative methods

1

Scope

This International Standard gives guidelines for the evaluation of instrumental alternative methods for
totalfpactertatcountimraw mitk fromraminmats of differentspecies:

NOTH The document is considered complementary to ISO 16140 and 1SO 8196|IDF 128 (see
Refenence [1]).

2
The

Normative references

following referenced documents are indispensable for the application’of this documer

referjences, only the edition cited applies. For undated references, theVatest edition of thg
document (including any amendments) applies.

ISO

$725-1, Accuracy (trueness and precision) of measurement methods and results — Par

prindiples and definitions

ISO 5

for the determination of repeatability and reproducibility of a standard measurement method

ISO

8196-1|IDF 128-1, Milk — Definition and evaluation of the overall accuracy of alternativi

milk pnalysis — Part 1: Analytical attributes of alternative methods

ISO

8196-2|IDF 128-2, Milk — Definition ahd evaluation of the overall accuracy of alternativ

milk pnalysis — Part 2: Calibration and-quality control in the dairy laboratory

ISO

16140-1, Microbiology of food and animal feed — Method validation — Part 1: Vocabulary

ISO 16140-2, Microbiology of food’and animal feed — Method validation — Part 2: Protocol for t|
of alternative (proprietary)snethods against a reference method

ISO

21187|IDF 196:2004;" Milk — Quantitative determination of bacteriological quality —

estallishing and verifying a conversion relationship between routine method results and anchor m

3

For

L

[erms-and definitions

the”purposes of this document, the terms and definitions given in ISO 8196-1|ID}

Clause 2 and

t. For dated
b referenced

't 1: General

725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method

b methods of

e methods of

he validation

(Guidance for
ethod results

¥ 128-1 and

[SO §196-2|IDF 128-2 apply.

For the definitions of precision, repeatability and reproducibility, see ISO 5725-1, ISO 5725-2,
[SO 8196-1|IDF 128-1, and ISO 16140-1.

4

Transformation of results

A prerequisite for statistics most common in the evaluation of measuring methods is the approximation
of a normal distribution of the data. The exponential multiplication of microorganisms usually leads to
a right-tailed distribution of quantitative microbiological parameters. Thus, in general, transformation
of the raw data is necessary for approximation of normality. This is usually a common logarithmic
transformation or a square root transformation for low bacteria levels. The most appropriate
transformation can be checked by comparing histograms. All statistics are then computed from the

© ISO and IDF 2013 - All rights reserved
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transformed data, unless specified otherwise, and only the final results are re-transformed to give a
more expressive idea of the situation to the user (see also Annex A).

5 Attributes of the alternative method

NOTE The parameters outlined in this clause do not need to be evaluated completely for every alternative
method. For example, the measuring range (see 5.2) of the plate loop method is determined by the loop(s) used.

5.1 Description of the method to be evaluated

5.1.1 Des¢ription
The description of the method under study shall be in line with the checklist in 5.1.2.

Most of the Information is found in the specification of the method given by the responsible supplier or
any other squrce (author) of the technique specified.

5.1.2 Cheg¢klist
a) Principle of the method.
b) Parameter or unit.
c) Technicpl design of the measurement procedure.
d) Field offapplication:
1) purjpose: e.g. research, screening, milk grading;
2) matrix: e.g. raw milk from cows.
e) Supplief(s) of instrument, reagents, standards:
f) Specification of the method given by the'producer or the author:
1) prefequisites for sampling (often compared to the situation of fat analysis);
2) posgibilities for sample preservation [reagent(s), storage condition(s)];

3) quantitative (unitsimeéthod under study or reference method) and qualitative (the kind of
midroorganisms covered) spectrum;

4) prefision (in-units of the method under study or in reference method units);

5) acciracy;efthe estimate (in reference method units);

6) sanpplées per hour;

7) list of references.
5.2 Measuring range

5.2.1 Lower limit of quantification

The lower limit of quantification is defined as the average of milk without bacteria plus the n-fold of its
standard deviation; generally, n = 10. See also 1SO 16140-2.

Analyse milk withoutbacteria or with a verylow concentration of bacteria. Transform data by calculating
square root from each result. Calculate the mean, x, and the standard deviation, s, of the transformed
results. Calculate the lower limit of quantification as x +ns.

2 © ISO and IDF 2013 - All rights reserved
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5.2.2 Upper limit of quantification

The upper limit of quantification is determined by the highest possible reading of the method or by
methodological limitations, e.g. coincidence effects, inaccuracy in the upper measuring range, clogging
of filters. Coincidence is when two or more elements of the measurand are detected simultaneously and
identified as only one unit. For example, with flow cytometry, if two bacterial cells pass the detector
simultaneously, they are detected as one. The coincidence effect is higher with higher concentrations
of a measurand.

Upper limit of quantification is determined as the highest concentration where the instrument is still
linear according to 5.2.3.

5.2.3

The
conc

coing

Alin
shap

is cal

To ad
inas;

Meas
measg

Linearity of the instrument signal

relationship between the instrument readings and the expected values shallhbelinea
brned range of bacterial counts. Deviations from linearity may stem from non-specifig
idence effects.

parity check is at first performed visually using appropriate graphs to)obtain an impry¢
e of the relationship. Whenever deviation from linearity appears evident, a quantitativ
culated to indicate whether the observed trend is acceptable or-hot.

hieve this, use a high bacterial count milk diluted seriallyéwith low bacterial count mi
et of at least 10 samples covering the concentration range of interest.

ure all samples at least four times and calculate the*average result for each sample. T
ured value per sample. Use the measured values f0¥ the high count milk and the low ¢

r within the
signals and

pssion of the
£ parameter

[k, resulting

his gives the
punt milk to

calcylate values for the intermediate samples from the-applied mixing ratios. This results injan expected
valug for each sample. Then apply linear regression with the expected values per sample, Ce, pn the x-axis
and the measured values per sample, Cieas, on the y-axis. Calculate the residuals AC1;= Cneas)i— (@ % Ce, i +
b) frgm the regression. Plot the residuals ACyfon the y-axis versus the expected values, Ce, onfthe x-axis. A
visual inspection of the data points usually-yields sufficient information about the linearity ¢f the signal.
Any putlying residual should lead to delétion of the related result and to renewal of the calcylation.
The ¢urving can be expressed by the ratio, ry, using Formula (1):
AC oy —AC 5
rL — ( max min ) % 100 (1)
(Cmeas, max Cmeas, min )

whertte

ACmax is(the value of the maximum residual from the regression;

ACmin is the value of the minimum residual from the regression;

(rgeas; max 1S the measured value for the high count milk;

Cmeas; min

is the measured value for the low count milk.

The ratio, ry, shall be less than 5 %.

NOTE

any o

5.3

ther transformation.

Carry-over

To evaluate linearity, use the raw data expressed in units of the routine method withoutlogarithmic or

Carry-over effects can occur in analytical systems that operate continuously. It derives from the transfer
of a certain portion of sample material from one test sample to the next or further sample(s).

© ISO
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Due to the design of a mechanized process of analysis, not only the next sample, but also samples in a
later position can be influenced due, for example, to incubation wells with a periodic circulation.

This effect can be tested by analysing consecutively milk with high bacterial count and blank samples.
Carry-over causes an increase of blank sample values compared to normal blank sample value (value of
blank sample analysed after another blank sample).

The carry-over can be expressed as percentage of the corresponding preceding milk sample.

For evaluation of carry-over, the number of samples and the bacterial count of the milk samples should be
high enough to estimate the carry over w1th suff1c1ent certalnty The samples should be representatlve
of the routine
viscosity and potentlally hlgher carry over) One way of setting up the test is descrlbed in the exal ple
below. For detailed and theoretical aspects and alternative setups of carry-over estimation, itis.ref¢rred
to ISO 819643|IDF 128-3.[1]

As an example, one way to estimate the carry-over effect is to analyse at least 10 setsof'samples,(each
set containihg one milk sample with very high bacterial count followed by two blahk samples. Blank
samples couyld be water or milk with negligible bacterial count.

(milk, blankq, blanky)1, (milk, blanky, blankz)> ... (milk, blanky, blankz),

The relativeg carry-over, COR, expressed as a percentage, can be calculated for each sample sef and
then averaged:

C. . — ,
COR, =121L_"P2 4100 2)
si
Y COR,
e
COR =1 (3)
n
where

COR; s the relative carry-over in‘the ith sample set;

Cy,i s theresult of the first blank sample in the ith sample set;
Cy,i  [stheresult of thelsecond blank sample in the ith sample set;

C is the result of the milk sample in the ith sample set;

si

n is the'number of sample sets.

Even a very low carry-over effect can be relevant if the corresponding preceding sample has a very high
level in comparison to the next one. It can even cause the result of the next sample to exceed a given limit.

Carry-over shall be below 1 %.

An example of carry-over effect is given in Figure 1. The results of blank solutions analysed immediately
after high count samples are plotted against the results of the corresponding preceding milk samples.
From the graph, the measuring level of preceding milk samples which can lead to an increase of the
blank values above the accepted level can be derived. The relation between sample and blank values can
be approximated by a function, e.g. a polynomial.

NOTE To evaluate carry-over, use the raw data expressed in units of the routine method without logarithmic
or any other transformation.

4 © ISO and IDF 2013 - All rights reserved
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NOTH

5.4
Itis ¢

Forn
unde

Comj
char

components and‘the matrix in which the measurement takes place.

Whe
metH

Cb1‘
1000
/
100
o
10 =] =]
[m]
[m]

1 = L
100 1000 10 000 100 000 Cy

total bacterial count of blank solutions analysed immediately after'milk sample in units

total bacterial count of milk samples in units/ml
results with individual sample sets
____trendline

| carry-over: 0 %

Carry-over in this example is 1 %.
Figure 1 — Example: Carry-over effect with regard to total bacterial count in raj
Stability

ssential to check the stability of the instrument with suitable samples.

nany microbiological methods, reference materials are not available or their widespread

bensate for thisdeficiency by a reference material substitute or a ring test procedure.
hcteristics of a-reference material substitute should be as similar as possible to the n

h refesence material substitutes with longer shelflife are available, the stability of iJ
ods'shall be checked throughout the working day and also during the period between

ml

v milk

| application

r field conditions isnet possible due to short shelflife and thus restricted transportabillity.

[he relevant
ature of the

hstrumental
instrument

stand

[SO 8196-2|IDF 128-2.

Protocols for standardization and stability checks are described in [SO 8196-2|IDF 128-2.

5.5

Precision

5.5.1 General

ccording to

For guidance on the determination of precision, repeatability and reproducibility, see ISO 5725-1,
[SO 5725-2,1S0 8196-1|IDF 128-1, and I1SO 16140-1.

© ISO

and IDF 2013 - All rights reserved


https://standardsiso.com/api/?name=8c8996c9056da7671475fcc031cd2394

ISO 16297

:2013(E)

IDF 161:2013(E)

5.5.2 Repeatability

The repeatability can be estimated from a large number (n =50 ... 100) of duplicate measurements made
on samples covering the whole measuring range. If the repeatability is dependent on the level, it shall be

specified as

a function of the level, otherwise an average value can be used.

For total bacterial count in raw milk, the acceptability limits for the repeatability standard deviation, s, are:

a) units of

b) units of

0,09 log1p units for contamination levels 22 x 104 cfu/ml;

0,12 log1p units for contamination levels <2 x 104 cfu/ml.

5.5.3 Rep

Estimate th
measureme
preferably o

If no relatio
reproducibi

For total ba
Sr,is 0,16 1o

5.5.4 Evaluation of factors affecting the results

All non-bact|
the measure
composition

Carefully c(

into account.

EXAMPLE

be repeated fising samples with a low and high content of this affecting factor. If repeatability is expected

affected, the
can affect th
preservative

6 Theal

This clause
and the ref
1SO 21187|1

The analysi

roducibility

e reproducibility through an interlaboratory study according to ISO 5725-2 from dupl
hts in representative samples at the lower, medium, and upper levels in the measuring r
btained from at least eight collaborators.

hship exists between repeatability and the level, this can also be assumed to be true fg

Cterial count in raw milk, the acceptability limit for the reprodudgibility standard devig
D10 units.

eriological factors associated with the properties ofthe raw milk sample which could dij
ments by the alternative method shall be evaluateéd: Examples of factors are somatic cell c
of milk, history of milk, sampling of milk, preservation of milk, species and breed of ani

nsider which effects different factorsay cause, and design experiments taking {

If linearity is expected to be affected by a certain factor (e.g. fat content), the linearity test s

repeatability test should be repeated using samples with high and low content. Certain preservj
e level of the counts. To chéck*for this, analyse a series of samples with and without addit

ternative method as an estimate of the reference method

addresses. the analysis of the interrelations of the results of the alternative mg
prence method. For the establishment and verification of a conversion relationship
DF 196

b of the relation between two methods is based on the examination of test materials
£ o

icate
hnge,

r the

ity. If there is a relationship between the reproducibility and the level; it shall be specilfied.

tion,

sturb
punt,
mals.

hese

hould
to be
tives
on of

thod
see

i

with

both metho
method und

< Izapin e + ia nlhication oo it Qi fiyann £ oo £ A xazi
oS, COveTIT g e TICTO O ap pritatroTarnt eSS pettr ot O Sarnpres—Tto—otdTdry SCOvit

er study.

6.1 Evaluation of factors affecting the estimation

+h the

All factors associated with the properties of the raw milk sample that can affect the relation between
reference and alternative method results shall be considered in order to make sure that samples chosen
to evaluate the relationship are representative for the normal routine samples.

NOTE

Factors influencing the relation can be bacteriological or non-bacteriological, e.g. type of bacteria,

growth phase, storage condition, sample preservation, geographic differences, seasonal variations, species and
breed of the animals from which the raw milk originates, method of milking, disinfection, feeding methods or
individual supplier.
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6.2 Measurement protocol

The evaluation of the alternative method as an estimate of the reference method requires alarge amount
of different samples (typically 100 per logio step). A minimum number of samples can be calculated
according to ISO 21187|IDF 196:2004, Annex A.

Samples shall:
a) be natural raw milk samples;

b) uniformly cover the whole range of interest;

c) Ibe representative of the routine samples to be analysed especially taking into account the above
entioned factors.

Samples shall be analysed with the reference method as well as with the alternative method at the same time
or clgse to it (preferably within 2 h, whereby samples are kept at 0 °C to 4 °C during'storage and transport).

6.3 | Calculations

Before further evaluations, the alternative method results shall be convérted into units of the reference
metHod by the conversion function. Logarithmic transformation of téference method results as well as
of alfernative method results generally provides the required apptoximation of normality, $ee Clause 4.

6.3.1 Visual check of a scatter diagram

Befofle any calculation is made a scatter diagram shall.be checked visually to obtain a first impression
of tHe relationship and to determine whether the“expected relationship between the|[methods is
apprpximated. Plot reference results against results of alternative method (converted into| units of the
reference method). See Figure 2.

© ISO and IDF 2013 - All rights reserved 7
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Calt,conv (log) A
8 -
7 -
6 -
5 |
4 =
3 =
2 | | | 1 1 1 »
2 3 4 5 6 7 8 Cref (log)
Key
Calt, conv (log)| alternative method results after applying conversion function (log)
Cref (log) reference/anchor method results
o results of individual milk samples
——————— Cref= C‘alt, conv
Figure 2 — Example: Relation between the results of an alternative method and of the
corresponding reference method for total bacterial count in raw milk
6.3.2 Outliers
Outliers shall be carefully scrutinized. No data shall be discarded unless there is a sound microbioldgical
reason to dq so. For outlier e€valuation, use ISO 21187|IDF 196.
6.3.3 Accuyracy of thevestimate, accuracy profile
The accurady of the estimate is a measure of the reliability of the estimation of the value with one
method from the 'measured value of another method. It can be described by the mean and standard
deviation of{differences between alternative method results and reference method results at different

levels throughout the measuring range and illustrated by an accuracy profile.

For each sample, calculate the logarithmic difference between methods

AC2i = Calt, i — Cref, i

where

Cait,i is the result of the alternative method for the ith sample (logarithmic values);

Cref, i is the result of the reference method for the ith sample (logarithmic values).

© ISO and IDF 2013 - All rights reserved


https://standardsiso.com/api/?name=8c8996c9056da7671475fcc031cd2394

ISO 16297:2013(E)
IDF 161:2013(E)

Group results according to reference result in, for example, 0,5 log1o unit intervals. Within each level:

— calculate the mean and standard deviation of reference results;

— calculate the average logarithmic difference, AC2;, and standard deviation of logarithmic
differences, syc, .

Calculate the 95 % logarithmic confidence limits as AC; +1,965,¢,, (1,96 is the t-statistic for 95 %

confidence limit).

[llustrate the result graphically as an accuracy profile. Plot results from each group on a graph with mean
diffefences and 95 % confidence Iimits on the y-axis and mean reference results on the x-axjs. Pee Figure 3.

AC, (log) A
1 -
B e 1,96 0,4
06 |
04 |
02 |
0
-0,2
-0,4
-0,6
-0,8
-1
1,2 F

—
8 Cret|log)

-1,96x0,4

AC; (log) ¥

Key
AC3 (log) difference between alternative method and reference/anchor method
Cref (Jog) refereneg/anchor method results

° medns-within each group

95 % confidence limits within each group

acceptability limit (95 %)

Figure 3— ExamplterAccuracy profite foramattermative method for totat bacterial count

6.3.4 (Criterion of acceptability

The accuracy profile is compared to the criterion of acceptability. If the 95 % confidence limits fall
within the acceptability limits, the alternative method fulfils the criterion. If the 95 % confidence limits
fall outside the acceptability limits, the alternative method does not fulfil the criterion. If the criteria
are fulfilled at some levels and not at other levels, the application of the method may be restricted by
narrowing the measuring range.

For total bacterial count in raw milk, the overall accuracy expressed as standard deviation should not
exceed 0,40 log1o units (Reference [14]), that means 95 % confidence limit should be within +1,96 x 0,4
log1p units, i.e. £0,8 log1p units.

© ISO and IDF 2013 - All rights reserved 9
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6.4 Attributes of the alternative method expressed in units of the reference method

All attributes of the alternative method, which are expressed in the units of the alternative method, can
be converted on to the reference scale by using the conversion relationship. The conversion function
used shall be clearly stated.

7 Rating of the elaborated attributes

In general, a final report shall summarize the elaborated attributes of the alternative method under
study. A rating of the results shall be given by expert opinion, especially in the light of the requirements

+ 43 thod bz itc 104 dad
set for the afternative-method By-tesHteRaeaHwSes

Among others the following aspects might be of special importance.

a) Range of the parameter of the alternative method to be expected under the conditionsof its intejnded
use. Forl example, with milk grading, the alternative method should have adequate discriminjative
power ih the range of interest, thereby also having still a margin for situations ywhere a future|shift
to stricfer grading limits is anticipated.

b) If a grafing scheme is not based on single results, but on the averages“of the results of seyeral
measurgments (e.g. over a month), an appropriate measuring range of the alternative method|with
regard fo the parameter’s distribution in the population is of spegial importance: it is essgntial
that low measurements not be disturbed by method background woise, otherwise the “buffdr” to
compensate for accidentally high measurements in a series is lost. This can lead to an unfair grading.

c¢) Therepresentativeness of sampling and preservation facilities plays an important role in the rating
of a altefnative method for the quantitative determinatien of the bacteriological quality of raw milk.

10 © ISO and IDF 2013 - All rights reserved
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