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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 commlttees Each member body interested in a subject for WhICh a techmcal committee has
been establi; 5 ric 3 3
and non-go ernmental in Ilalson Wlth ISO, also take part in the work ISO collaborates closely with the
International| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationall Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by |the technical committees are circulated to the member bodies for voting. Publication as an
Internationall Standard requires approval by at least 75 % of the member bodies casting’a vote.

Attention is frawn to the possibility that some of the elements of this document ay be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patentirights.

ISO 8196-3||DF 128-3 was prepared by Technical Committee ISO/TC.34,"Food products, Subcommittee SC 5,
Milk and milk products, and the International Dairy Federation (IDE): Jt is being published jointly by 1ISQ and
IDF.

ISO 8196|IDF 128 consists of the following parts, under the general title Milk — Definition and evaluatipn of
the overall apcuracy of alternative methods of milk analysis:

— Part 1: Analytical attributes of alternative methods
— Part 2: Calibration and quality control in theé dairy laboratory

— Part 3: Protocol for the evaluation ang:validation of alternative quantitative methods of milk analysis

iv © 1SO and IDF 2009 — All rights reserved
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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 r

procnnfnd at the IDE Qfanding Committees r\:lrr\]/ing out the technical work |IDE collabaorate.

with 1SO in

the d

The main task of Standing Committees is to prepare International Standards. Draft Internation

evelopment of standard methods of analysis and sampling for milk and milk products.

al Standards

adogted by the Action Teams and Standing Committees are circulated to the National Committegs for voting.

Publ

casting a vote.

Atter

ISO 8196-3|IDF 128-3 was prepared by the International Dairy Fedération (IDF) and Technicg
ISO/TC 34, Food products, Subcommittee SC 5, Milk and milk products. It is being published jq
and |IDF.

All W
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cation as an International Standard requires approval by at least 50 % of ADE National

prk was carried out by the Joint ISO-IDF Action Teamcon Automated methods of the Standin
Duality assurance, statistics of analytical data and"sampling under the aegis of its pr
D. Leray (FR).

edition of ISO 8196-3|IDF 128-3, together with ISO 8196-1|IDF 128-1 and ISO 8196-2|IDF 12
eplaces IDF 128:1985, which has been technically revised.

B196|IDF 128 consists of the following parts, under the general title Milk — Definition and
verall accuracy of alternative methods of milk analysis:

Part 1: Analytical attributes ‘oflalternative methods
Part 2: Calibration and-quality control in the dairy laboratory

Part 3: Protocolforthe evaluation and validation of alternative quantitative methods of milk ar
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Introduction

This part of 1SO 8196]|IDF 128 is complementary to ISO 8196-1|IDF 128-1. It describes a protocol for the
evaluation of new alternative methods for which ISO 8196-1|IDF 128-1 cannot apply, e.g. when the
organization of interlaboratory studies is hampered by too small a nhumber of new instruments available for

study.

The latter i

This part of
performance

On the basig
on approval

protein, lactq

generally the case with dedicated instrumental methods (e.g. milk payment anatysis,| milk
recording arfalysis) of which the commercialization depends on official approvals for use. An applicatign for
such an offigial approval is to be accompanied by one or more assessments of the relevantOperformance
characteristi¢s.

ISO 8196|IDF 128 specifies a harmonized protocol for such a method.alidation by an ekpert
laboratory. It lists the evaluation steps, provides a criteria-based approach for.the assessment of the

characteristics, including guidance for checking statistical compliance:

of such a harmonized protocol, only a limited number of evaluations should suffice for a dedision
either by national bodies or by an international organization'fer the application of the methods
and/or equipment in their area. An example is given for the evaluation.of a method for the determination gf fat,

se, urea and somatic cell count in milk.

Vi
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k — Definition and evaluation of the overall accuracy

of alternative methods of milk analysis —

Part 3:

Pr¢
qu

1

This
meth

The

ptocol for the evaluation and validation of alternative
antitative methods of milk analysis

Scope

part of ISO 8196|IDF 128 specifies a protocol for the evaluation,and validation of alternative
ods of milk analysis.

brotocol is applicable to all milk components including somatic cells. For microbiological para

standlards, such as 1SO 16140051, apply. This part of ISO 8196|IDF 128 is also applicable to the

new
inter

This
appr
part

2

The
refer
docu

ISO
prob

ISO
pring

alternative methods where a limited number of analysts does not allow the organiz
aboratory study and 1ISO 8196-1|IDF 128-1, therefore, does not apply.

part of ISO 8196|IDF 128 also establishes gereral principles of a procedure for granting

bvals of these alternative methods. Theseprinciples are based on the validation protocol d¢
bf ISO 8196]|IDF 128.

Normative references
ences, only the editien, Cited applies. For undated references, the latest edition of the
ment (including any@mendments) applies.

B534-1, Statistics)— Vocabulary and symbols — Part 1: General statistical terms and te
bbility

b725-1s-Accuracy (trueness and precision) of measurement methods and results — Pa
iples and definitions

ISO

following referenced documents are indispensable for the application of this document.

quantitative

meters other
validation of
ation of an

international
pfined in this

For dated
referenced

rms used in

it 1: General

RB196-1 !Inlz 1’)R-1, Milk — Definition and evaluyation of the overall accuracy. of alternative me

thods of milk

analysis — Part 1: Analytical attributes of alternative methods

ISO 8196-2|IDF 128-2, Milk — Definition and evaluation of the overall accuracy of alternative methods of milk
analysis — Part 2: Calibration and quality control in the dairy laboratory

ISO 9622, Whole milk — Determination of milkfat, protein and lactose content — Guidance on the operation of
mid-infrared instruments?)

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

1) Equivalent to IDF 141.
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3 Terms and definitions

For the purpose of this document, the terms and definitions given in 1SO 8196-1|IDF 128-1,
ISO 8196-2|IDF 128-2, ISO 3534-1 and ISO 5725-1 apply, together with the following.

3.1

validation of an alternative method

demonstration that results obtained with an alternative method are comparable to those obtained with the
reference method, thereby showing compliance of accuracy with defined requirements and fitness for purpose

3.2
measurand
component
analyte
criterion
particular quantity or characteristic subject to measurement

EXAMPLES A measurand may be a milk component, a physical characteristic or a biologicalelement.
NOTE Aflapted from ISO/IEC Guide 99:200718!, 2.6.

33
quantitativgd method
method of analysis whereby the result is an amount of a quantity, a cohcentration or a value of a measurand
(3.2) determ|ned either directly or on a test portion

34
methods cdmparison study
study, perfofmed by an organizing laboratory of an alternative method against the reference method ynder
test bed conflitions

3.5
method corffirmation study
study performed in routine laboratories, of an alternative method to confirm results of a previous methods
comparison study (3.4)

3.6
interlaboratpry study
study of performance of an alternative method on one or more “identical” laboratory samples of homogengous,
stable materjals under documented conditions in several laboratories and under the control of an organjzing
laboratory (3.7)

3.7
organizing %aboratory

laboratory having.qualified staff and equipment to perform a methods comparison study (3.4)

3.8

national approval

authorization of use of a method for defined purposes in a country — generally for reasons of collective
interest and/or having an official character — delivered by an official body

3.9

international approval

authorization of use of a method for defined purposes at the international level — generally for reasons of
collective interest and/or having an official character — delivered by an international organization for the
benefit of stakeholders

2 © 1SO and IDF 2009 — All rights reserved
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4 General principles for the validation of alternative methods

4.1 Validation protocol

411 General

The validation protocol comprises two phases as specified in 4.1.2 and 4.1.3 respectively.

41.2 Phasel

A methods comparison study includes the assessment of the analytical attributes and a compfrison of the
alterpative method against the reference method under test bed conditions. This part of the. evalliation has to
be carried out by an organizing laboratory specialized in analytical evaluations as well as,being eXperienced in
the application of the relevant reference method. The laboratory shall conform to-ISO/IEC 14025 for this
activity.

41.3 Phasell

A method confirmation study under routine testing conditions is initiated after a successful Phase |I. The
examination is recommended of at least two instruments located in different routine laboratories under routine
testing conditions for a minimum period of two months. Care should be taken that each instrument is exposed
to the level of sample variation normally expected during that period. Each instrument should fulfjl the day-to-
day quality control demands specified in ISO 8196-2|IDF 128-2 by checking compliance of resultg with figures
of oyerall accuracy obtained in Phasel. The alternative '‘method should also be assessed|for general
convenience aspects such as speed, consumables, user«friendliness, security, and robustness.

4.1.4 National approval

Basgd on the content of submitted reports, natiohal bodies can authorize the use of an alternative method for
defined purposes. Compliance with requirements stated in this protocol provides assurance of a sufficient
similar type

brding, or to
bported in a
and replace

4.2.2 The field of application in which the instruments are used has been evaluated (component,
concentration range, animal species, etc.). For instance, if milk of different animal species is to be analysed,
specific evaluations for each species have to be carried out to assess that the instrument is appropriate for the
expected use. If milk from breeds with unusual contents (e.g. Jersey breed with high fat and protein) is to be
analysed, the evaluation should be carried out over the whole range of occurrence of the relevant component.

4.2.3 The specific method and/or instrument configuration used has been evaluated. If the configuration

changes, proof should be obtained that it does not affect the precision and the accuracy beyond acceptable
limits.

© I1SO and IDF 2009 — All rights reserved 3
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4.2.4 Carefully note and

report all characteristics of both the milk products analysed and

configuration(s) of the alternative method assessed.

5 Techn

5.1

ical protocol for the validation

Course of operations

the

Whatever the alternative method, a standard measurement process can be represented schematically as in

Figure A1.
method (ele
are construg
way that pre

It is necessa
limits for ead

The first pa
carried out.

A second pa
5.2 Methq

5.21

This part spgcifies the elements of the evaluation which arecgompulsory.

The evaluati
For methods
the range in
and to perfo

NOTE F
milk; for raw
separate eval

For methods
appropriate

Evaluation r|
industry pur,
from existing

rﬁent in the breakdown of the overall accuracy). The evaluation protocol and experimental de

Gengéral

ted to fit the sequence of signal treatment and to permit verification that they are set up-in’st
Cision and accuracy of the method can respond to the limits required in practice.

ry for each step of the evaluation described in the following paragraphs to fulil.the approq
h analytical criterion before starting the next step.

t of the protocol (5.2.2) is compulsory as it defines the minimum assessment sequence f{

It (5.2.3) is recommended to provide complementary informationfor future use.

pbds comparison study

bn is to be carried out from test results expressed in standardized units of the reference me
covering large ranges of measurand yalues (i.e. wider than 1 log unit), it is recommended tg

m statistical calculations separately-on each segment.

br instance, for fat in commercial milk, distinction can be made between skim milk, half-skim milk and
milk, natural fat and protein ranges are often related to the species, which are then to be assess
Lations (4.2); somatic cells.in‘faw milk typically cover a range of several log units.

where precisionand accuracy are found to be proportional to the measurand value, app
correction to the raw values.

esults should comply with specifications stated in the following paragraphs. For general
poses, Jimjts for the different analytical characteristics mentioned have been extracted or de
International Standards.

f the
5igns
cha

riate

o be

thod.
split

0 segments, each of maximum widthrone log unit, so as to obtain a minimum of three segments

ivhole
d by

y an

dairy
rived

Annex B sut

somatic cells.

NOTE

analysis systems and at-line systems.

5.22 Com

5.2.21

pulsory assessments for the validation

Assessment of preliminary instrumental fittings

and

For liquid milk during milking or processing, there may be different assessment criteria for in-line and on-line

Before starting any further assessment, basic criteria indicating a proper functioning of the method or the
instrument require verification. These criteria are daily precision (including repeatability and short-term
stability), carry-over, and linearity.

© 1SO and IDF 2009 — All rights reserved
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5.2.2.1.1 Daily precision (repeatability and short-term stability)

Basically, the method used should present a measurement signal stability which complies with the precision
requirements. If not, the analyser is either not functioning correctly (and should not be used) or its precision is
not suitable for the objective of the analysis. Hence, the instantaneous stability (repeatability) and the signal
level stability have to be assessed prior to any other characteristics.

EXAMPLE 1
The precision should be evaluated at three different concentration levels of the component measured: low, medium, and

high. To achieve this, three different milk samples should be split into as many identical test portions as necessary for the
analyses.

During the day, for each level, analyse the same milk sample in triplicate (» = 3) using the instrument eJery 15 min to
20 m|n without any change in the calibration in order to obtain a minimum of 20 check test series’ (9> 20)| Preferably, it
should be operated under conditions as close as possible to routine circumstances. Sufficient numbers of samples should
be prpcessed to keep the instrument running between the periodic checks.

Using a one-way analysis of variance (ANOVA), estimate the standard deviation of repeatability, s,, the stanflard deviation

betwgen check series, s, and the standard deviation of daily reproducibility, s,, or, equivalently, according to|the following:

For every check, j (=1 ... ¢), calculate the mean,
=D xyln

and the standard deviation,

b= Lty =) -] 2

of replicates.
For the whole check sequence, calculate:

o o 5 12
a) the standard deviation of repeatability; s, = (Zs,j /q)

b) the standard deviation of means:
172

=[S -] =[S (2w e o -0)
vith
T=> %h

c) fhesstandard deviation between checks: s = (s% - sr2 1n)"2 with s.=0ifs, <0

d) the standard deviation of daily reproducibility: s , = (sg + srz)”2
EXAMPLE 2 The values obtained for s, and s, should comply with the limits stated in Annex B.

The stability of the method response during the sequence of check tests can be visualized by plotting
measurement results and means, y, versus the check sequence numbers, x.

The significance of a possible observed deviation or fluctuation can be verified with the F-test of a one-way
ANOVA or, equivalently, by calculating the observed value of F, F .

F

242
obs =M% /1S,

© I1SO and IDF 2009 — All rights reserved 5
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The test is si

gnificant if Fopg > Fy _  Withky =g -1, ky =q(n - 1), and o= 0,05.

5.2.2.1.2 Carry-over effect

5.2.2.1.2.1

Strong differences in component concentrations between two successively analysed samples
may influence the result of the second.

Differences can be caused by incomplete rinsing of the flow system and the measuring cell by liquid

circulation and ¢

ontamination by the stirring device. Automatic correction of results is acceptable within certain

d NSIC d cihd dll Ol d Mail quan O _Mdaterid om one
Automated analysers for liquids often allow automatic correction to compensate for the overdll carrytover
effect when pecessary. Carry-over has to be clearly distinguished from rinsing efficiency.
5.2.21.2.2 The overall carry-over effect should be assessed including the correctionfactors either get in

the instrume
stated per cq

NOTE Li
repeatability g
100 where ri
and the minir

mponent.

mits are defined from the prerequisite that carry-over effect should not preduce an error higher tha
f the method. Hence, limits for the carry-over ratio (COR), L, should/fulfil the condition L. < (/AL
b the repeatability limit at the level of the bias measured and ALrange isthe difference between the max|
hum concentration in the range of interest. For components where tepeatability is not constant ovg

measuring range, the COR limits are set based on the levels of best repeatability (e.g. somatic cell counting). Cor

limits for COR

5.2.21.2.3
without any
Rinsing effic

5.2.2.1.2.4
series of tes

are in the range 1 % to 2 %.
The rinsing efficiency of the flow system has<to be assessed separately by running
ency should not be less than 99 % or the internal carry-over should not exceed 1 %.

Analyse two samples, with high and, Iow concentrations, respectively, of prior distributi
portions. Repeat, as many times, N-(as necessary (see below) the analytical sequence in {

of component concentration, low, low, high, high,sin order to obtain N sets of results, Ly Ly Ly, Ly,

minimum nu

A sufficient
enable a cle
of sequence
considered i

NOTE F
repeatability,

Ne= [rx 100
AL

range)'

5.2.2.1.2.5

mber of sequence replications, N, Should be 20.

number is recommended. fo)reduce the relative uncertainty of the COR estimate, J, a
ar differentiation from zero,) A relative uncertainty of 20 % or less is sought. The relevant nu
S can be obtained by( N > (100/5re|)2. Increasing the number of sequences is especially
n case of estimating COR for adjustment of a correction factor.

br components~where repeatability is not constant over the measuring range and for levels with

(LCALtest)]2 where AL, is the range between high and low concentration samples (equal to or greate

Method requirements for samples: Prepare a sufficient number of test portions from eac

nt or obtained using the method supplied by the manufacturer. It should_not exceed the values

n the

nge) x

mum
br the
nmon

tests

correction (correction factor set to zero) in manual mode that bypasses the automated sfirrer.

DN in
erms
The

nd to

mber
o be

high

more numereus sequences can be required. Alternative numbers of sequences can be calculatgd by

than

n low

The

and high cor

oot

low and high concentration laboratory samples should preferably be milks or liquid products with similar
viscosity to those routinely analysed.

Individual component concentrations have to differ considerably. For milk, this can, for instance, be achieved
by using natural separation (creaming for fat), artificial separation (ultrafiltration for protein, microfiltration for
somatic cells), or addition (lactose and urea).

For biochemical component determinations, the low and high concentrations of the laboratory samples should,
preferably, be extreme values in the measuring range.

NOTE Sufficiently large ranges are recommended to easily differentiate carry-over effects from random error. The
minimum range needed, AL, = L, — L, can be calculated according to AL >rXx 100/(LC\/NC) where r and L are the
stated limits and N is the number of sequences applied (see Annex B).

test

© 1SO and IDF 2009 — All rights reserved
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For milk components or criteria covering large ranges of concentration, e.g. a 3 log, scale or more, the ratio
of carry-over error may not be constant over the whole range. This should be verified by assessing the carry-
over at different concentrations.

In such case, it is recommended to choose a level Ly; at the median of each part, i, previously defined in the
whole range. A minimum number of two levels in the medium and high concentration range are needed that
can be extended to three for particularly wide ranges.

EXAMPLE For somatic cell counting in individual animal milk, the definition of three levels, at about
500 x 103 cells/ml, 1 000 x 103 cells/ml, and 1 500 x 103 cells/ml, is recommended.

5.2.21.2.6 Calculation: Calculate the mean and the standard deviations of the)| differences,
dLLl.:LL1i—_LL2Land_dLHi:_LH2i—LH1Z., respectively, d, s;, dry, s, and the mean difference of
concentration, d p =LH, — LL,.

Thern) calculate the CORs, C, and their standard deviations, s, by using the following-equations:
CryL =d 1, x100/d p and s, =sd; x100/d pVN¢

Cun=dLy x100/d p and sc .y =sd;, x100/d p\N¢

The COR can also be obtained by using the following equivalent formulas:

Crn = QL =D L)X 100/(Y Ly, =Y Ly ) =(Ligy=~ LL,)x100/(LH, — LL,)

Cun = Liny =2 Lu,)x100/(Y Ly, =Y Lig)=(LH, — LH;)x100/(LH, — LL,)

The fwo COR values obtained should not sighificantly differ from each other and should not excg¢ed the limit,
L, in the test condition stated for the compenent in Annex B.

Verify this by checking whether the following conditions are fulfilled:

) , 12
ChL = Cun=t1-qi2 [SCH/L +SCL/H]

CH/L <LC _t1—C¥ SCH/L

Cun <Lc<l—oScyy

with jr = 0;05.

5.2.213 |inearity

5.2.21.31 General. According to the classical definition of an indirect method, the instrument signal
should result from a characteristic of the component measured and thereby allow the definition of a simple
relationship to the component concentration.

Linearity expresses the constancy of the ratio between the increase in the concentration of a milk component
and the corresponding increase of the alternative method result. Therefore, linearity of the measurement
signal is in most cases essential to maintain a constant sensitivity over the measuring range and to allow easy
handling of calibration and fittings. Moreover, it allows in routine (to some extent) measurements beyond the
calibration range through linear extrapolation.

© I1SO and IDF 2009 — All rights reserved 7
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NOTE Current alternative methods are frequently based on multiple signals using a multivariate approach. For these
methods, in particular for examples involving small relative changes in the sample matrix and signals with low specificity,
linearity assessment can be difficult due to large random error (low signal to noise ratio). In these cases, as the linearity
error is contained in the overall accuracy component, linearity assessment can be omitted provided it is covered in the
further step of accuracy evaluation.

The method

5.2.2.1.3.2

is specified in 5.2.2.1.3.210 5.2.2.1.3.4.

Samples. Linearity can be assessed using sets of 8 to 15 samples with component
concentrations evenly distributed over the measuring range.

a) Sample
e.g. by
b) Concen
achieve

microfilt

c) Theline
(Annex

d) Referen

5 should preferably be milks or liquids of similar physical characteristics (i.e. density, visco
ombining (weighing) a high content sample, Ly, and a low content sample, L, .

rations should vary in regular intervals. Depending on the component, that can for instang
ration for somatic cells) and recombination, or by using pure solutions (lactose and urea).

arity assessment range should be congruent with the concentration range_for the validation
B).

ce values for linearity samples can be established from either the mixing ratio or the theor

concentrations as calculated from the concentrations of the initial samples. Depending on the altern

method
milk vol
to a wei

5.2.2.1.3.3
replicates, s
number rele

5.2.2.1.3.4
(v = instrume

they should be obtained from volume by volume mixing ratios where analysis is performed
ime (volumetric intake measurement) and mass by mass\mixing ratios where analysis is ap
hhed milk portion (see Annex E).

Analyses. Analyse each sample, firstly in\ order of increasing concentrations in
pcondly in order of decreasing concentrations i@V, /2 replicates, so as to obtain the total rep
ant for the measurand (see Annex B).

Calculation and assessment -'Calculate the linear regression equation y=4
nt, x = reference) and the residualsie; (e;=y; — bx;—a) from the means of replicates and

theoretical r¢ference.

Plot the resi
the data poir

Any deviatioj

Huals, e;, on the ordinate against theoretical concentrations on the abscissa. Visual inspecti
ts usually yields sufficient information about the linearity of the signal.

lead to further investigation of‘the method, as detailed below.

Any residua
repetition of

obviously being out of the current distribution (outlier) should lead to deletion of that resul
the calculation before applying further tests.

Calculate thT relative linearity bias by the ratio of the residual range to the signal values range:

sity),

e be

i by natural separation (creaming for milk fat), artificial separation (ultrafiliration for protein,

study

ptical
ative
ona
plied

N; /2
icate

X+ a
| the

bn of

h from linearity or obvious trend in the data in this plot indicates a potential problem and should

and

fe e
Ap p

where

max_— €min

max ~ Pmin

emax IS humerical value of the upper residual,

€min

pmax

is the numerical value of the lower residual;

is the numerical upper value measured with the instrument;

Pmin 18 the numerical lower value measured with the instrument.
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NOTE 1 Limits are defined from the prerequisite that deviation from linearity should not produce a larger error than the
repeatability of the method over the usual measuring range. Hence, limits of the relative linearity bias, L,,,,, are meant to
fulfil the condition L\, < /AL, for the upper acceptable repeatability, with » being the repeatability limit and AL .o
being the difference between the maximum and the minimum concentration in the concentration range of interest. For
components where repeatability is not constant over the measuring range, the relative linearity bias limits are set based on
the levels of largest repeatability (e.g. somatic cell counting). Common limits for Ae/ALrange are in the range 0,01 to 0,02.

NOTE 2 The number of replicates needed to ensure significance of the Ae/AL test can be estimated by the conditions:
272 2 2,2 2
Np 280, [(Lxyar ALtest) OF Ny 21" l(Liyonr ALiest)-

NOTE3 Concentraiion ranges, AL, larger than AL allow the measurement of larger linearity_bips, Ae, with a
similgr relative linearity bias and increased significance for the same maximum repeatability valueDThe minimum
concgntration range can be estimated by the conditions: ALyg > 2V 20,/(Ly,a; YN;) OF ALyggy > /(L 5NV, )

A one-way ANOVA can be carried out to confirm the statistical significance of non-linearity. Statistical tests for
comjparison of variances can be applied to confirm the significance of difference between residual|variances.

Furthermore, if needed, non-linear trends can be approached by second and third degree polynomial and
statigtical tests, Ae/AL and F-tests used to select and assess the equation that,allows the best linegr fit.

Examples are given in Annex D.
5.2.2.1.4 Measurement limits

Limits of a measurement with an instrumental method existcatyboth extremities of the analytical fange, e.g. a
lowef limit and an upper limit.

It is pot required to determine these limits when natural concentration ranges for the respective |components
and gpecies are normally located far from zero (which is generally the case for biochemical components, i.e.
fat, grotein, lactose, urea), and within the linearity range of the method.

The [assessment of the measurement limits-can be carried out in combination with the evaldation of the

linearity. If linearity is not achieved throughout the whole concentration range, determine the acfual range of
application for the method concerned.

5.2.21.5 Lower limits
5.2.21.51 General. llower limits are defined, as multiples of the standard deviation, o, of random error
observed near zero (blank), in three ways depending on the risk of error accepted and the precision
requirements, as specified in 5.2.2.1.5.2t0 5.2.2.1.5.4.

5.2.2.1.5.2 Critical level, which is the smallest amount that can be detected (non-null) but ot quantified
as am exact value (risk =50 %). Below it cannot be assumed that the value is non-null:

L= g O

EXAMPLES L= 1,6450 with =5 %; L, = 30 with o =0,13 %.

cri cri

5.2.2.1.5.3 Detection limit, for which the second type of error is minimized up to a defined level,
generally equal to the level of risk, f=5 %. It defines the lowest result, which differs significantly from zero
(first type error, @), that can be produced with a sufficiently low probability (second type error, f) of including
the blank value (zero) and with a sufficient confidence interval:

Lyet =(uq1_o +us_pg)o

EXAMPLES Ly, =3,290 with & = =5 %; Ly = 60 with &= f=0,13 %.
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5.2.2.1.5.4

LQ qu

Quantification limit, or determination limit, which is the smallest amount of measurand that
can be measured and quantified with a defined coefficient of variation (CV):

o

with kq =100/CV since

CV =(0/Lg)x100 = Lg=0x100/CV

EXAMPLES CV =10% Le=10a o =[A<00001%
CV=30% = Lq=330 = a=4=5%

5.2.2.1.5.5 Standard deviation: Where, routinely, only single determinations are carried_out, o i

standard deyiation of random error of the measurement. In the best case, that is the repeatability star

deviation at
deviation of
required as i

EXAMPLE

measured oV
the derived m
the limit 5 000

In the absen
standard devi
value, needs

5.2.21.6 U

Upper limit
linearity (see

Superseding

measured u
»(xy) without

Lobs =|

with

sy(xy) §

the proximity of zero content. Standard deviation of repeatability for the\blank or star
repeatability estimated at concentrations close to zero are to be used. At least 20 sample
hdependent replicates.

In automated somatic cell counting in milk, L, may be expected to be-got higher than 5 000 cells
hlue of 1 500 cells/ml indicates CV = 30 %. This value is to be compared to limits fit-for-purpose. How
uitiplying factor, kq = 3,33, indicates shared risks of error, ezand £, clése to 5 % in accepting complianc
cells/ml.

ce of a total harmonization in definitions and multiplying factors, the major elements to assess ar
0 be accounted for (see example in C.1.4.2).
pper limit

corresponds to the threshold where the. signal or the measurement deviates significantly
5.2.2.1.3).

the upper limit produces a ratio, Ae/AL, exceeding accepted limits (see 5.2.2.1.3.4). Wh
bper values deviate from lingarity, i.e. whether y, differs significantly from the linear pred
that result (see Annex D), ¢an be checked:

u = yulxy)|/sv(xy)

1/2
S ox [1+(1/q)+(xu —x)Z/Sx]

If, with ¢ — 2

5 the
dard
dard
5 are

ml. A
ever,
b with

e the

ation, o, and the CV near the zero value. The risk associatéd with L., when compared to a specified limit

from

ether
ction

eqrees of freedom _and =0 05:

lobs < 1

lobs > 14

5.2.2.2

5.22.21

_q/2 = o deviation from linearity at that point;

_a/2 = significant deviation from linearity at that point.

Evaluation of the overall accuracy

General

The overall accuracy is composed of the sum of the error of the repeatability, of the accuracy and of the

calibration.

10
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With raw milk, each part of the overall accuracy is measured through the analysis of individual milk samples
and herd bulk milk samples of the animal species specified. Herd bulk milk samples shall be collected in
addition to individual milk samples in order to measure more accurately that part of the variance related to

herd

effects.

The evaluation is to be performed under conditions equivalent to the intended operation in routine (working
parameters, speed, and calibration).

NOTE

Bulk milk and processed milk as commingled individual animal/herd bulk milk samples present an averaged

matrix which results in very low accuracy error, close to the precision error, showing little variation in component

conc

ntrations—This makes them inappropriate for a nroner evaluation of accuracyv-and-calibration over a-si
rr L L L J

fficient range.

As pr
in the

5.2.2

A preliminary but appropriate calibration (or pre-calibration) should be made as follows:

a)

5.2.2
Prop
rang
Poss

The
the n

Wha

deviation estimated from analytical results.

NOTE
o

rel
For
sam
rega

ecision is evaluated equivalently using animal and/or herd milk samples, the use of bulk milk samples
conditions stated in the present document.

.2.2 Calibration

f a method or instrument is to be used without any further local calibration, alternative meth
pf the evaluation can be directly performed with appropriate (representative) milk samples;

f a local calibration is necessary, perform prior calibration-i accordance with the m
nstructions and equipment facilities, before starting up thecevaluation. Prepare any calibra
required in accordance with the specifications of the relevant International Standards for the
Dr, if no standardized procedure exists, in a similar way to.the sample used in the evaluation.

.2.3 Samples

er quality milk samples should be used. Individual milk samples should cover the maximum d
b of the component, that is for the stated components according to the specifications
ible geographical, seasonal or regional variation in milk composition should be covered in the

minimum number required for the.measurand is related to the statistic significance in com;
hatrix variability of the product.

ever the milk, it cannot be-lewer than 50, thus providing a maximum 20 % relative uncertaint

F 1 The relative~™ uncertainty, i&rel, of standard deviation estimates

Uy _ 42 X 1004824, thus ¢ =20 000/55el for ¢ > 30 samples and o= 0,05.

can be d

at, protein )and somatic cells in raw milk, generally a minimum number of 100 individual
les (N3.= 100) from different herds (Nh1 > 5) and 60 herd milk samples (Nh2 > 60) are 1
d to.the need for sample representativeness (see Annex B).

s not required

od analyses

hnufacturer's
ion samples
measurand

oncentration
bf Annex B.
sample set.

parisons and

to standard
btained

by:

animal milk
equired with

NOT

2

uncertainty lower than a defined limit, L7, that can ascertain evaluation requirements:

or

with

2
Ui_ 20, /Na<ly & q>(20,/L7)

2
“1—a/20'yx,rel/\/‘1 SLgrel © 4220161/ Ly 1)

o=0,05.
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5.2.2.2.4 Assessment of repeatability

Repeatability is the main criterion indicating whether a method produces stable results according to user
requirements. It is a major element of internal quality control. Therefore, every new instrument has to fulfil a
maximum limit for repeatability value, stated in the relevant International Standard, in order to satisfy the
criteria for approval.

Samples are to be analysed on the instrument calibrated according to the recommendations of the
manufacturer, preferably in duplicate. Generally, series of 15 to 20 milk samples are successively analysed

twice after recovering their initial analytical condition (i.e. temperature by heating) when necessary.

The standar
and, for critq

| deviation of repeatability is calculated from duplicate results obtained from the whole set of

data

ria covering a wide range of concentration, that is more than 1 log scale (in the caseof-somatic

cell count), part by part after splitting of the whole concentration range into different parts (minimium three
parts of maxyjmum 1 log unit width each, i.e. low, medium, and high).
For ¢ samp|es analysed in duplicate, the standard deviation of repeatability is calculated from (see|also
Annex D):
1/2
N2
S, =(Zdwl~ /Zq)
where w; is the modulus of the difference between duplicates of sample i{wy'= |x1,- —x2i|).
The value off s, obtained should be compared with the limit value for'the repeatability values, o,, as defingd for

the relevant
Additionally,

should also
degree of re

5.2.2.2.5

5.2.2.2.5.1

According tg
calibration a

Statistical p3

O..

measurand and application (see Annex B). It is expeeted that s, < o,

fulfil the condition s, <o, (X 2/q)""?

strictiveness.

with &=.0,05. It is up to the evaluator to choose the req

Assessment of trueness

General

ISO 8196-1|IDF 128-1,(the error of trueness is broken down into the error of exactne
nd the error of accuracy (accuracy of estimates).

rameters to be used are indicated in ISO 8196-2|IDF 128-2:

to ascertain whether agreement with the limijt is“met with a probability, p = 1 — ¢; the estimate s,

uired

5s of

d, S Sy slope, b, Student ¢-test for d and b, respectively.
The aforemgntioned parameters are obtained from a simple linear regression, calculated in accordance with
ISO 8196-1|IDEA28-1 and ISO 8196-2|IDF 128-2 using means of duplicate instrumental results, x, and so-

called refere

hCeyresults, y, obtained by the reference method in duplicate.

For measurands covering a wide concentration range, that is more than 1 log scale (i.e. with somatic cell
count), accuracy evaluation should be performed for the whole range and for successive parts of the range
after splitting the whole concentration range into different parts (at minimum three parts of maximum 1 log unit
width each, i.e. low, medium, and high).

5.2.2.25.2 Assessment of accuracy

For raw milk, accuracy is assessed for individual animal milks and herd bulk milks separately. It is based on
the residual standard deviation, s, , of the simple linear regression of instrumental results, x, and reference
results, y. It is expected that the differences from the regression line are normally distributed. Any outlying
results should be carefully scrutinized. For outlying results, further test samples drawn from the same
calibration sample should preferably be reanalysed by both the reference method and the alternative method.
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When outlying figures remain, the report should present Sy estimates and graphs including all data — with the
outliers identified, their number and respective biases — as well as s, estimates after discarding outliers.
Statistical methods used to identify outliers should be specified in the evaluation report. The proportion of
outliers should not exceed 5 %.

The estimated value of s, should fulfil the limits o, as defined for the parameter and the matrix concerned. It
should respect the condition Syx < 0y, Limits for individual animal and herd bulk milk samples are given in
Annex B.

Additionally, to ascertain fulfilment for not exceeding the limit with a probability p =1 — ¢, the estimate Sy

<l 1 £ lE Ll alibs 3 2/ 1/2 N TaWa¥ 2N FiH ry Ll | % ry o H
shourd-atso-fulfit-the—condition S = O (A 7 q) W —0; 091t iStp o theevartatortocnoosSeE; the requlred

degree of restrictiveness.

5.2.2.2.5.3 Assessment of exactness of calibration

Prionl to analyses, calibrate the alternative method according to the proceduré recommerided by the
manyfacturer. Express the results in the same unit as those of the reference method. Raw signalgs and further
statigtical comparisons can then be made on the same scale, allowing statistical tests of copformity and
assefsments against prior stated target values. For this purpose, individual @nimal and herd bulk milk samples
should be analysed to provide the relevant information on the quality of the adjustment.

nding on the principle of the method, the quality of the.‘calibration can be influerjced by the
reprgsentativeness of the calibration sample set. This is in additien te' the influence of the calibratipn technique
ied (i.e. mathematical model, experimental design, process). Therefore, the error due to non-
reprgsentativeness shall be maximally reduced, e.g. by sampling calibration samples under congditions close

regrgssion, y = bx + a, with the mean bias, d, and thé’slope, b, taking care of any outlying results and fitting an
apprppriate line through the dot distribution of results on a graph. Estimates 4 and b should normally fulfil the
limitg defined for the component and the product (e.g. in Annex B). Failing that goal normally implies further

NOTE 1 Low correlation of alternative.method results with reference method results can turn into a poof line fitting on
to th¢ dot distribution. For methods shewing small correlation (e.g. Py < 0,90) and in cases where the regression line
sly deviates from the axis of“the dot distribution, pooling of samples can improve slope evaluation. It can be
simulpted mathematically by arithmetically averaging individual sample results for 10 to 15 successive grpups of equal
sample numbers along the range, after ranking according to increasing alternative method results. By this method, more
accurjate indication on line adjustment is obtained through reducing the residual standard deviation, whereas the range is
only $lightly diminished and.representativeness is maintained. Further calculations are then carried out using the means

NOTE 2  Compliance limits in Annex B are generally larger than significance limits expected from usual gtatistical tests
to takelinto account possible herd effects in individual milk samples on slope, and also uncerfainty of both

Additional informative investigations

5.2.3.1 General

The following items are not compulsory elements for an evaluation even though they are of interest as
possible contributors to the overall accuracy of the method. Moreover, knowledge gained about the method
may have implications in milk sample handling (sampling, preservation, shipment, etc).

5.2.3.2 Ruggedness

Ruggedness is the ability of a method not to be influenced by external elements other than the component
measured itself. Possible effects can come from concentration variation of major milk components or
interactions, biochemical changes of milk components related to preservation (lipolysis, proteolysis, lactic
souring) or chemicals added to the milk such as preservatives.

© ISO and IDF 2009 — All rights reserved 13
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The principle of ruggedness assessment is to produce a significant change in the concentration of each
interacting component separately and measure the corresponding change in the measurement result of the
influenced component.

Then the ratio of the difference observed and the change introduced is calculated and expressed in the
relevant units.

5.2.3.2.1 Effect of major milk components (interference)

To determine interactions of milk components (fat, protein, lactose), appropriate guidance is provided in

ISO 9622 for sample preparation and calculation procedures. Although at first developed for mid-inffared
methods, the approach is applicable also to other methods.

As for lactoge, the effect of urea on other component measurements can be evaluated by addition” of urga to
milk.

The effect of high fat and protein content on somatic cell count in milk (sheep, goat and-puffalo milk) cgn be
evaluated by recombining cream (natural creaming) and milk retentate in a similarlway to that specified in
ISO 9622.

The effect should preferably be measured at three relevant levels within thesange of the measurand, i.e] low,
medium, and high, for the animal species.

5.2.3.2.1.1 Effect of biochemical changes in components

Biological changes in milk usually result in breakdown of milk.éomponents that can be induced by bacterial
growth or enzymatic activity. Deterioration of milk samples may, go unnoticed. Therefore, it is relevant to dheck
the susceptibility of an alternative method for such deterioration, in particular in order to evaluate the quality of
the sample greservation and the suitability of sampling and shipment conditions.

Clotting, churning and oiling are generally clearly yisible defects of raw milk that may affect analytical regults.
In those casgs, samples should be discarded.

5.2.3.2.1.2 Lipolysis

The possiblg effect of lipolysis can be‘monitored through artificial induction (i.e. repeated cooling, heating| and
vigorous miking) or through activation of native lipase or through addition of bacterial lipase (e.g. |from
Pseudomonas spp.). One should raise the level of free fatty acids up to at least 5 meq/100 g of fat.

At least five [levels are required. The effect exists if the slope of a linear regression equation of measurement
result, y, versus free fattyracid concentration, x, is significantly different from 0,00.

5.2.3.2.1.3 Proteolysis

The possible-effect-efproteclysis-can-be-monitored-through-artificial-nduction-{-re—using-ricroflora-proteases).

A minimum range of 0,8 % soluble nitrogen in milk should be obtained.

At least five levels are required. The effect exists if the slope of a linear regression equation of measurement
result, y, versus percentage mass fraction of soluble nitrogen, x, is significantly different from 0,00.

5.23.21.4

Lactic souring, pH

The possible effect of souring can be monitored through addition of lactic acid.

At least five levels are required. Check that at the higher levels the milk does not clot at the water-bath

temperature

14

in order to prevent blockage or damage to the liquid flow systems.
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The effect exists if the slope of a linear regression equation of measurement result, y, versus lactic acid
concentration, x, is significantly different from 0,00.

5.2.3.2.2 Effect of sample history and handling conditions

Combination of cooling and storage at 0 °C to 6 °C with a preservative such as bronopol (2-bromo-2-
nitropropan-1,3-diol) appropriately preserves clean (uncontaminated) milk samples. These conditions
generally apply to calibration and control milk samples. In practice, sample conditions may differ (different type

of chemical preservatives, transport, storage time and temperatures).

Ther|
Base
invol

efore, 1t Is of Interest to determine the effect of preservation conditions on alternative me|
d on this, adequate advice on proper sample handling and preservation can be provide
ved.

This|is achieved by analysing two identical sample sets with the method in one run, one set havi
preservation and having undergone the usual handling conditions, the other setbhaving bee
optinpal conditions, and then comparing the obtained results.

For ¢ach item, component concentrations should cover the usual concentration range in prac
numbers of 30 to 40 are generally sufficient. Statistics to be used are<the same as in the as
overall accuracy, using optimal conditions as reference. The mean and-the standard deviation o
provide information on the average error due to sample conditions tested and possible

Additionally, effect on repeatability can be evaluated by analysing ‘duplicates and comparing s
both |preservation/handling conditions using the F-test.

5.2.3.2.2.1 Effect of added chemicals (preservatives)

A popsible effect on analytical results can be monitared through comparisons of identical parallel §
samples preserved with different chemical preservatives. Other preservation parameters

ifferent milk samples.provides sufficient information.

5.2.3.2.2.3 Effect.of storage conditions (time and temperature)

Sam
solul

ble temperature may affect the physical characteristics of milk components (i.e. crystalli
ility, of casein and the mineral fraction).

thod results.
i to workers

ng the usual
h subject to

ice. Sample
sessment of
f differences
significance.
obtained in

eries of milk
have to be
oncentration

ibrations). In
hperature. A
dentical sets

zation of fat

Besi

hd chemical

Hles” storaae time can determine the abilitv _of milk to recover its native phvusical g
T i) J L 4

characteristics before being analysed. For instance, cream separated from skim milk becomes
obtaining a homogenous sample is hampered when applying normal mixing conditions.

5.2.3.3  Practical convenience (Phase Il)

This part of the evaluation consists of various elements that determine the ability of the laborator
analytical results within the time expected and at the cost expected or needed.

so firm that

y to produce

During the Phase Il period, the instrument should be used continuously for at least 4 h per day. The total
number of continuous work rounds should be a minimum of 20 in each of the laboratories designated for the

evaluation under routine conditions.

© I1SO and IDF 2009 — All rights reserved
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For the following items, opinions should be provided on criteria such as compliance with expected
performance, simplicity, reliability, quickness, and security, where relevant, using three mark levels or grades

(poor, mediu

5.2.3.3.1

m, good) and including specific remarks.

Testing rate

The testing capacity of the alternative method, as indicated by the manufacturer, has to be verified. Precision
performance should be reported at different speed levels, if relevant.

5.2.3.3.2

Frequency ¢f instrumental or other errors and servicing operations required should be recorded)w

description @

5.2.3.3.3

Convenience¢ for the user should be evaluated. Relevant items are:

a) ease of
b) trouble-
c) ease of
d) ease of
5.2.3.3.4

Whgre rele
environmen

reagents an

5.2.3.3.5

Via the a
ISO 8196-2|
can be suni
collected du
compliance.

5.3 Repo

Robustness

f the nature of the incidents.

User friendliness

use of interfaces and software;
hooting facilities;
servicing;

calibration.

Reagents, waste and environmental aspects

ant, mention should be made of local “regulations concerning waste disposal, risk
| pollution, and health and safety of laboratory staff called upon to handle chemical or biolg
materials.

Recovery of precision in routine conditions

pplication of internal guality control, results of quality checks, as recommende
DF 128-2, should be callected and reported in order to consolidate the results of Phase I.
marized in tables, indicating for each type of check the successive check parameter v
ring the test period;“their means, minima and maxima, total check numbers and degr

rt and approval delivery

5.3.1 Gen

ral

s of
gical

0 in
They
lues
e of

Data and experience gathered in both Phases | and Il shall be duly reported in specific documents with all the
necessary information on the evaluation course, tables with results on analytical performances, discussion,
conclusions and summaries, and be made available for an eventual approval procedure.

5.3.2 National validation

The overall report should comprise four documents:

a)

b)

16

report of the test bed evaluation (Phase 1), including raw results in annexes;

report of the first evaluation in routine conditions (Phase Il);
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c) report of the second evaluation in routine conditions (Phase Il);

d) summary of conclusions of the three reports (Phases | and Il) and a general conclusion in regard to the
intended use of the method.

5.3.3 International validation

The reports of the national validations in three different countries (see definitions in Clause 3), are collected
for transmission to the international validation body by the requesting organization with the respective
validation certificates delivered by national bodies. The formal request should be made according to the

proc
com

Exar

edure defined by the international organization granting the international validation or appro
brise the elements proving prior successful validations in the required number.

nples of this are:
he formal request for the validation/approval with appropriate forms where avaitable;

he technical documentation relating to the method/instrument (i.e. principle, device and ca
supplied by the manufacturer;

he national reports and national validation certificates from three’different countries.

© I1SO and IDF 2009 — All rights reserved
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Annex A
(informative)

Measurement process and overall accuracy

Whatever the |nd|rect method is, Flgure A.1 represents the measurement process schematlcally Not all steps
necessarily e ) the
principle of the measurement and the component measured For mstance onIy a small or negI|g|bIe effect of
fat and protgin is to be expected in the interaction (reduction) step in somatic cell counting by fluoro-ppto-
electronic methods in milk, as interactions are normally overcome by dispersion through treatment| with
chemical reggents before the measurement.

In some cases, several steps can be combined, e.g. those lying within the dashed line_box’in Figure A{1 for
particular infrared devices. Nevertheless, in theory, the different steps of the signal processing can be set up
in the instrument and remain available to be activated or not, through active or neutral.mathematical matrices.

Interactions pf major components or carry-over effects can be accommodated by adapting the principle gf the
method andfor the physical device (physical treatment, chemical reagentsy tube length) and therefore no
longer need [humerical corrections.

Carry-over
correction

Signal processing = numerical optiniization

a i_ b c ;‘ e
- . Display
Measuremient [ | [ Amplification | . - _| Interaction || y_ I | o
(signal | L (gain) B Linearization (reduction) | & Calibration B RIZEQ:L;?]Q
I I
S -

Key

a Zero/blank, repeatability, stability, reproducibility.

b Sensitiviy, measurement lowerlinit, repeatability.

¢ Linearity[range, upper limit,.aCecuracy.

d Effect of [other milk componénts, accuracy.

€ Suitability of manufactdrer calibration system, accuracy.
f Effect of [previous-milk intake, repeatability, accuracy.

Every step of|the measurement process corresponds to an element of the breakdown of overaII accuracy of the mathod.
Minimizing the A v
measurement process. Then the experlmental design for the evaluatlon of a milk analyser is defined in order to assess
that every measurement step is correctly adjusted.

Figure A.1 — Example of a theoretical measurement process in conventional analysers

18 © ISO and IDF 2009 — All rights reserved
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Annex B
(informative)

Limits for the performance characteristics with raw milk

B.1 Limits for milk with medium fat and protein content

The |limits listed in Table B.1 apply to cow and goat milk samples with medium content)in
mentioned.

© I1SO and IDF 2009 — All rights reserved
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Table B.1 — Limits with milk of medium fat and protein content

Criteria limits
Measurand .
(units) Fat Protein? Lactose Urea ScC
g/100 g g/100 g g/100 g mg/100 g 1 000 cells/ml
Range, AL pnge — Whole 2,0t06,0 25t04,5 4,0t05,5 10,0 to 70,0 0to 2 000
— Low (L) 0 to 100
— Medium (M) 100 to 1 000
— High (H) >1 000
Carry-over ratip limit, L . 1 1 1 2 20
Sequence nunjber, N, 20 20 20 20 20
Minimum rangg, AL o 4 3 1,5 45 500
Linearity: ratio flimit, Ae/AL 0,01 0,01 0,01 0,02 0,02
Replicate numper, N, 6 6 6 6 8
Minimum rangg, AL, 4 4 4 100 2 000
Repeatability
Average standprd deviation, s, 0,014 0,014 0,014 1,4
Coefficient of Variation, S, rel — Whole 4%
— Low (L) 8 %
— Medium (M) 4%
— High (H) 2%

Within-lab. reproducibility

Average standprd deviation, sz 0,028 0;028 0,028 2,8
Coefficient of Variation, S.rel — Whole 5%
— Low (L) 10 %
— Medium (M) 5%
— High (H) 2,5%
Accuracy

Animal samplgs

Standard devigtion, S 0,10 0,10 0,15 6,0

Coefficient of variatic;n, S orel 10 %
Animal numbef, N, 100 100 100 100 100
Herd number, Vi 5 5 5 5 5

Herd samples

Standard devigtiony S 0,07 0,07 0,07 4,0

Coefficient of Variation, s rel 10 %

Herd number, th 60 60 60 60 60
Calibration

Mean bias, d +0,05 +0,05 +0,05 +1,2

Relative mean bias, d 5%

Slope, b 1+£0,05 1+£0,05 1+£0,10 1+£0,10 1£0,05

a8  Same criteria limits for protein apply to crude protein, CP (Wep =Wy 1ot X 6,38), true protein, TP [wip = (W ot =~ WN non-p) X 6,38] and
casein, Cas [we,e = (Wy ot = WNnon-c) X 6,38] where wy ., is total nitrogen content; WN nonep 1S non-protein nitrogen content; and
W non.c 1§ NON-casein nifrogen content. ' '

P Limitfor C

H/L:
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The limits listed in Table B.2 apply to samples of sheep milk, buffalo milk and to milk of particular breeds of
cow and goat with high fat and protein contents in the ranges mentioned.

Table B.2 — Limits for milk with high fat and protein content

L Criteria limits
((:;:irs'? Fat Protein? Lactose Urea SCC
g/100 ¢ g/100 ¢ /100 ¢ mg/100 g 1 000 cells/ml
Range, AL .. — Whole 5,0 to 14,0 4,0 to7,0 4,0t05,5 10,0 to 70,0 0 to 2 000
— Low (L) 0 to 100
— Medium (M) 100 to 1 000
— High (H) > 1000
Carry-over ratio limit, L. 1 1 1 2 2°
Seqgyence number, N, 20 20 20 20 20
Minihum range, ALy 4 3 1,5 45 500
Linedrity: ratio limit, Ae/AL 0,01 0,01 0501 0,02 0,02
Replicate number, N, 6 6 6 6 8
Minimhum range, ALy 4 4 4 100 2 000
) Repeatability
Avergge standard deviation, s, 0,028 0,028 0,014 1,4
Coefficient of variation, s, , — Whole 0,35 % 0,40% 0,30 % 4%
— Low (L) 8 %
— Medium (M) 4%
— High (H) 2%
Within-lab. reproducibility
Average standard deviation, sz 0,056 0,056 0,028 2,8
Coefficient of variation, s, ., — Whole 0,70 % 0,80 % 0,60 % 5%
— Low (L) 10 %
— Medium(\My 5%
— High((H) 25%
Accuracy
Animpl samples
Stanglard deviation, Sy 0,20 0,20 0,15 6,0
Coefficient of variationss 25% 3,0 % 10 %
Animgl number, &V, 100 100 100 100 100
Herd|number, Nh1 5 5 5 5 5
Herd|samples
Standard-deviation, s __ 0.14 014 0.07 4.0
Coefficient of variatioh, Sy rel 1,75 % 2,0% 10 %
Herd number, N, 60 60 60 60 60
Calibration
Mean bias, d +0,10 +0,10 +0,05 +1,2
Relative mean bias, d. +1,25% +1,5% 5%
Slope, b 140,05 140,05 1+0,10 1+0,10 140,05
a Sam(_a criteria limits for protein apply to crude protein, CP (_WCP = Wi tot X 6,38), true protein, T_P [WTPV(WN,t_ot __WN,non-P) % 6,38] and
casein, Cas [we,e = (Wy ot = WNnon-c) X 6,381 where wy ., is total nitrogen content; wy ... is non-protein nitrogen content; and
Wy non-c 1 NON-casein nitrogen content. ' '
b Limit for C,,, .

© I1SO and IDF 2009 — All rights reserved
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C.1 Assessment-ofpreliminary-instrumental-fittings

(informative)

Annex C

Calculation examples

C.1.1 Daily precision
As an example, daily precision data from fat analysed by infrared spectroscopy (cf. ISO 9622) are listed in
Table C.1.
Table C.1 — Daily precision
Check R;psl::ta;e Sum Mean Mean bias nJ;iter ;uun;rz; Variance gtte?/?;?or:
q X XU d n S 14 S,
4,00
1 4,03 12,04 4,013 0,008 3 0,000 467 | 0,000 233 0,015
4,01
4,02
2 4,03 12,07 4,023 0,018 3 0,000 067 | 0,000 033 0,006
4,02
4,01
3 4,00 12,01 4,003 -0,002 3 0,000 067 | 0,000 033 0,006
4,00
3,99
4 4,00 12,01 4,003 -0,002 3 0,000 467 | 0,000 233 0,015
4,02
3,99
5 4,01 12,01 4,003 -0,002 3 0,000 267 | 0,000 133 0,012
4,01
3,97
6 3,99 11,96 3,987 -0,018 3 0,000 467 | 0,000 233 0,015
4,00
4,01
7 4,00 11,99 3,997 -0,008 3 0,000 467 | 0,000 233 0,015
3,98
8 4,02 12,03 4,010 0,005 3 0,000 600 | 0,000 300 0,017
3,99
4,01
9 4,00 12,04 4,013 0,008 3 0,000 467 | 0,000 233 0,015
4,03
3,99
10 3,99 11,99 3,997 -0,008 3 0,000 267 | 0,000 133 0,012
4,01
Sum 120,150 120,150 40,050 0,000 30 0,00360 | 0,00180
Average 4,005 4,005 0,000 0,000 180 | 0,000 180 0,013
Std deviation 0,010 0,010

22
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Check on homogeneity of variances using the Cochran test

. In the following:

ISO 8196-3:2009(E)

Icoen i the Cochran index;
Lcoen i the Cochran limit:
L is the standard deviation limit;
Sobs,;  are the standard deviation values observed;
Viad 1S the TaximunT vartance;
2V is the sum of variances.
I coch = Vmax Leoch = Ly=(Leoch D.V)"? = Looen(p=0,95,210)=0,445 =

The

Vi

L, =0,0283 > s4ps;

that the variance homogeneity is confirmed.

Daily

This

Stan

Repg¢atability:

This

7

[

reproducibility:

c =(s2 - srz/n)w2
X

Sr,i/q

2 :|1/2

s » =[s§ - s,?(’l—’l/n)]“2

Hard deviation between checks:

sp=0,015<0,028

s = 0,007

implies that daily reproducibility is in conformitywith ISO 9622.

5.=0,013<0,014

act that the standard deviation limit is never smaller than the standard deviation values obse

implies that repeatability is in conformity with 1ISO 9622.
Degrees Sum of Mean Standard
Source of | of freedom | squares square deviation F
variation
1 n} Sty S

Intercheck 9 0,002 950 | 0,000 328 0,018 1,821
Intracheck 20 0,003 600 | 0,000 180 0,013

Total 29 0,006 550 | 0,000 226 0,015

IDF 128-3:2009(E)

rved implies

Because I, = 1,82 is smaller than Fj g5 = 2,39, it can be concluded that stability is assessed positively: no
significant shift of instrument response observed.

Another conclusion is that, as the residual standard deviation, at 0,013, is smaller than 0,014, instrument

functioning is assessed positively: no abnormal individual fluctuation.

© I1SO and IDF 2009 — All rights reserved
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C.1.2 Carry over effect

As an example, carry-over effect data from fat analysed by infrared spectroscopy (cf. ISO 9622) are listed in
Table C.2.

Table C.2 — Carry-over effect

Concentrations Differences
Sequence No.

Ly, Ly, Ly, Ly, AL ALy
1 0,00 -0,01 3,98 3,99 0,010 0,010
2 0,01 -0,01 3,99 4,01 0,020 0,040
3 0,00 -0,02 3,97 3,99 0,020 0,040
4 -0,01 -0,02 3,97 3,98 0,010 0,010
5 -0,01 -0,02 3,96 3,98 0,010 0,040
6 0,01 0,00 3,98 4,00 0,010 0,040
7 0,00 -0,02 3,99 4,01 0,020 0,040
8 0,01 -0,01 3,97 3,99 0,020 0,040
9 -0,01 -0,02 3,98 3,99 0,010 0,010
10 0,01 -0,01 3,99 4,00 0,020 0,010
Mean 0,001 -0,014 3,978 3,994 0,015 0,016
Stgndard deviation 0,009 0,007 0,010 0,011 0,005 0,005

Number, N 10 10 10 10 10 10
Student ¢ — = — — 9,00 9,8p
Minimum -0,01 -0,02 3,96 3,98 0,01 0,0{l
Maximum 0,01 0,00 3,99 4,01 0,02 0,0p
Al= max. — min. 0,02 0,02 0,03 0,03 0,01 0,01

Mean bias d L, and ELH are significant according to the Student #-test 1y g75 = 2,26
Value Confidence limit Conclusion
Lower | Upper
Cm= 0,40 0,31 0,49 COR lower than 1 % = conformity
G = 0,37 0,28 0,47 COR lower than 1 % = conformity

C.1.3 Assessment of linearity

C.1.31 As a first example, linearity data from fat analysed by infra red spectroscopy (cf. ISO 9622) are
listed in Table C.3.

24 © 1SO and IDF 2009 — All rights reserved
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Table C.3 — Linearity — Test sample set with progressive dilution of 10 % fat milk by skim milk

Dilution Replicates Mean Mean Standard
Level No. "\‘;Tjnfl’zr 1 2 3 concentration residual deviation
x % y e s,
1 15,50 1,54 1,52 1,53 1,530 -0,023 0,010
2 20,35 2,02 2,02 2,02 2,020 -0,013 0,000
3 25.64 2.55 2.56 2.55 2.553 —0,003 0,006
4 31,18 3,10 3,1 3,12 3,110 0,005 0,010
5 34,80 3,49 3,48 3,49 3,487 0,024 0,006
6 39,80 3,97 3,99 4,00 3,987 0,029 0,015
7 45,15 4,50 4,50 4,51 4,503 0,016 0,006
8 50,50 5,02 5,02 5,01 5,017 0,000 0,006
9 56,65 5,61 5,63 5,62 5,620 -0,006 0,010
10 61,95 6,11 6,13 6,12 65120 -0,030 0,010
Number, N 10,0 10,0 10,0 10,0 10,0 10,0
Mean 38,152 3,791 3,796 3,797 3,795 0,000
ytandard 16,428 1622 | 1,631 1,626 1,626 0,020 0,009
1IeV|at|on
Minillﬂum 15,500 1,540 1,520 1,530 1,530 -0,030
Maximum 61,950 6,110 6,130 6,120 6,120 0,029
A = thax. — min. 46,450 4,570 4610 4,590 4,590 0,059
Lingar regression on:  Replicates Means Standard deviation of residual means: s,=0,020 3
slope 0,098 98 0,098 98 Standard deviation of repeatability: s, =0,008 8
intercept 0,018 56 0,018 56 Standard deviation of level biases: s, =0,0197
data number, N 30 10 from s, = (sf —s2/n)"?
On performing a.statistical test to evaluate the Ae/AL ratio, a Ae of 0,059 and AL of 4,590 give a vdlue of 0,013.
As this is greaterthan 0,01, this implies that linearity is inadequate.
A sefond statistical test to evaluate bias from the linearity test using the standard deviation of regidual means
was petformed. The value of F,¢, given by:
Fops = (srz + ns%)/s,2 = nse2 /s,2
should be lower than F g5 = 2,45 with ky = g — 2 and k, = g(n — 1) degrees of freedom.
W|th k1 = 8 and k2 = 20
FObS = 16,17 > F0’95 = 2,45
which implies that linearity is inadequate.
See Figures C.1 and C.2.
© ISO and IDF 2009 — All rights reserved 25
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Figure C.1 — Linearity assessment: instrumental response against dilution
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Figure C.2 — Linearity-assessment: mean residuals against dilution

2 As a second exdmple, linearity and upper limit data from a somatic cell
13366-1|IDF 148-1[3]) arélisted in Table C.4.

0,00 : : : . .
0,00 1,00 2,00/3,00 4,00 5,?)0\<<6,00 7,00~x
-0,01

counter (cf.
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Table C.4 — Linearity and upper limit — Test sample set with progressive dilution of a high cell
content milk by a low cell content milk)

Level N° T;:;I:t:;? Measurefl Residuals [ Residuals Lir:aetai;ity Stal:ud::lrd Stut(;:?t r-
volume concentration | reg. 1to 21 |reg.1to 9 from 1 to i deviation for ¢, vs 0
i x; V; e e AelAL S tobs
1 0,0 7,2 -25,2 -4,9 5,538 -1,01
2 54 131,2 -18,2 -2,2 0,022 5,255 -0,46
3 4074 238;8 =424 =02 6624 5054 =064
4 15,2 356,5 -5,1 3,0 0,023 4,884 0,65
5 19,7 461,7 2,6 7,1 0,026 4,776 1,56
6 24,4 564,0 3.1 3,8 0,022 4,704 0,85
7 30,2 689,7 3,2 -0,7 0,018 4,675 0,16
8 35,0 800,2 9,7 2,0 0,015 4,699 0,43
9 39,9 900,5 3,9 -7,8 0,017 4,770 -1,71
10 44,9 1013,5 8,6 -7 0,015 4,889 -1,54
11 49,6 1122,8 16,1 -34 0,013 5,045 -0,72
12 55,3 1249,3 19,1 -4,9 0,012 5,292 -1,02
13 59,8 1348,5 20,8 -6,8 0,041 5,530 -1,38
14 64,5 1441,7 12,2 -19,1 0,018 5,821 -3,80 < upper
15 69,9 1561,0 14,6 -21,1 0,018 6,208 —-4,07 ;::7'2 =p,365
16 74,6 1653,5 53 342 0,025 6,590 639 |Withpo5%
andv g7
17 79,4 1766,5 14,3 -29,0 0,023 7,024 -5,25
18 84,6 1865,2 0,4 -47 .1 0,029 7,545 -8,23
19 89,7 1983,8 8.5 —-43,0 0,027 8,105 -7,25
20 95,5 2074,8 —26,1 -82,3 0,043 8,804 -13,31
21 100,0 2143,0 -55,4 -115,2 0,057 9,391 -18,04
Number, N 21 21 21 9 9 9
Mean 49,89 1113,02 0,00 0,00
Standard 30,95 670,56 18,957 4,905
deviation
Minimum 0,00 7,20 -55,39 -7,80 0,02 4,67 -1,71
Maximum 100,00 2 143,00 20,84 7,10 0,03 5,54 1,56
A =max. — mif. 100,00 2 135,80 76,23 14,90 0,01 0,86 3,27

From the data of Table C.4:

a) the standard deviation of residual means: s,= 19,0 (measured);

b) the standard deviation of repeatability: s, = 16,4 (measured),

c) the standard deviation of level biases: s; = 16,423 [from s, = (s2 - s2/n)"?].

The Ae/AL ratio linearity test gave, over the whole range, ie. i=1...21, a value of
76,23/2 135,8 = 0,036 > 0,02, from which it is concluded that linearity is inadequate.
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The Ae/AL ratio linearity test gave, from i=1 ... 13, a value of 0,011 < 0,02, from which it is concluded that
this part of the curve is linear.

This test is the simplest to apply, and is generally recommended for quick routine checks.
The bias from linearity test, Fgps = (5,2 + ns% /5,2 = nsf/s,z, should be lower than F g5 With ky =¢—2 and

ko=q(n—-1). With triplicate  determinations on  21levels, k;=19, and ko =42  gives
Fops =4,01> Fl0,95,19:42) = 1,84, from which it is concluded that linearity is inadequate.

The curve trend is assessed by comparison with second and third degree polynomial, using

Fobs = | (4-2)s 2% = (0 =k = )5,k 1] (k =1)5 k2 | < F1_,,

or eduivalently:

ol 5k <{[ Fiz ok =0+ (g = k= 1)] g -2)}1/2

with 7 samples, k polynomial degrees, k4 =k -1, kp = g — k— 1 and « risk-of error.

From the example, using linear reference values, y, calculated from)mass per volume dilution ratios and the
raw ¢lata of the linear part (sample 1 to 9), the polynomial equations are

k

Degree k |y = by x3 + by x2 +byx +a S
3 y3=2,45x108x3 -3,69x10%x2 +1,0089x +2,9 9,28
2 Vo= 4151052 +0,9453x +11,4 11,05
1 V1= +1,036 2x +32,390 894 |19,65

and [F-tests from the residual standard.-deviations s’y‘x and equivalent tests through residyal standard
deviations ratios are

Degree & ky ky Fops F(0,95:k,:k,) or Syl s)’fx Limit
3 2 17 34,1 (s?) > 3,59 2,12 (s?) >1,15
2 1 18 42,1 (s?) > 4,41 1,78 (s?) > 1,09

a8 s Zsignificant.

W|th, for F(O,95;k1;k2) Values, F(0’95;2;17) = 3,59 and F(0,95;1;18) = 4,41 .
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Table C.5 — Assessment of a suitable equation for linearity adjustment

Reference Mean o _ )
Level N° fl:om_ % concention Predictions through equations Residuals
dilution
y x y4(x) Volx) y3(x) ) =y | yx) =y | yalx) -y
1 12,1 7,2 0,8 18,2 10,2 18,6 1,1 9,2
2 133,4 131,2 118,9 136,2 134,7 14,5 2,7 -1,3
3 239,0 238.8 2282 239,5 2421 10.8 -0.5 -3.1
4 353,5 356,5 346,7 353,7 359,0 6,8 -0,2 =56
5 454,6 461,7 4514 456,7 463,3 3,2 -2,1 -8
6 560,2 564,0 560,7 557,8 564,6 -0,5 24 4.6
7 690,4 689,7 695,5 683,1 689,3 -5,1 7.8 1,
8 798,2 800,2 807,2 794 .4 799,2 -8,9 3,8 -10
9 908,3 900,5 921,1 896,3 899,5 -12,8 12,0 8,
10 1 020,6 1013,5 10374 1012,1 1013,2 <16,8 8,5 7.4
11 1126,2 1122,8 1146,6 1125,1 1124,0 -20,5 1,1 2,
12 1254,2 12493 1279,2 12571 1253,7 -25,0 -2,9 0,1
13 1355,3 1348,5 1383,8 1361,6 1356,6 -28,6 -6,3 -14
14 1460,8 14417 1493,1 1460,5 1454,5 -32,3 0,4 6,4
15 1582,1 1561,0 1618,7 15881 1581,4 -36,6 -6,0 0,7
16 1687,7 1653,5 1728,0 1687,8 1681,4 -40,3 -0,2 6,
17 1795,5 1766,5 1839,6 1810,7 1805,5 —44 1 -15,2 -10,0
18 1912,3 1865,2 1 960,5 1918,9 1915,9 —48,2 -6,6 -3
19 2026,8 1983,8 2 079,1 2049,9 2051,1 -52,2 -23,1 —24,3
20 21571 20748 2213,9 2151,2 2 156,9 -56,8 59 0,2
21 2 258,2 2143,0 2318,6 22276 22374 -60,4 30,5 207
o’;“ég‘tze;v 21 21 21 21 21 21 21 21
Mean 1 132,69 1 113,02 1 153,75 1132,69 1 133,03 -20,72 0,34 0,00
i;f/rl‘:tfgg 695,07 670,56 718,99 | 694,99 | 69444 24,50 10,39 8,87
Minimum 12,13 7,20 0,76 18,24 10,18 -60,41 -23,07 —24 P6
Maximum! 226846 2-344-3-600 23486+ 222163 223444 186+ 30:63 2042
A =max. —min. | 2 246,03 2 135,80 2 317,81 2209,39 | 222727 78,98 53,61 44,98
AelAL 0,035 0,024 0,019

In conclusion, significant improvement is obtained by both second and third degree polynomials, which

confirms linearity is inadequate. However, by applying the Ae/AL test on polynomial residuals with ratio values
of 0,024 and 0,019 for second and third degree polynomials respectively, only the latter allows suitable

adjustment with Ae/AL below 0,02.
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C.1.4 Assessment of measurement limits

C.1.41 Assessment of upper limit

This

subclause discusses the example of a somatic cell counter (cf. ISO 13366-1|IDF 148-1[3]).

On a regression residual plot vs concentration, calculation of the regression equation y = bx + a on the linear
part (levels 1 to 9), gives slope b =22,460 3 and intercept a = 12,132 4.

Calculation of the residuals over the whole range and application of the Student ¢-test on the residuals

prov
freed

It ca
upps

C.1.4

Asssg
seto

It ca
risks

See

des a residual of 19,1 x 1000 cells/ml with #,,,c = 3,80 significant for p = 0,95 with sever
om, which is higher than a Student #-value of 2,87. Level 14 corresponds to the upper limit.

N be concluded that deviation from linearity occurs from level 14, whose concentration co
r limit of measurement.

1.2 Lower limit

ssment of the determination limit, Ly, or the quantification limit, Lg,\is’"done on 10 measu
f somatic cell counting data close to zero, using limits of Table B.1, @ccording to the following

Data: 3- 5- 4- 3- 5- 4- 5-V3- 5- 4

Mean, x = 4,100

Std deviation, o, 0,876

CV, %

2104 <30 % = conformity
2,881 <5,000 = conformity

Ldet,a,ﬁ=5 %

Lyet,qp =1% 4,513 <5,000 = conformity

Lyet,0,p0.13 % 5,256 > 5,000 = non-conformity

10

Number, N

N be concluded that-the’ determination limit complies with the limit 5 000 cells/ml when usi
of error zand S ef- mihimum 1%.

Figures C.3 and-C 4.

degrees of

nstitutes the

ements of a
example.

ng accepted
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Figure C.4 — Deviation from linearity: distribution of residuals throughout the concentration range

C.2

EXAN

Assessment of-the overall accuracy

IPLE

Fat analysed by infra red spectroscopy (cf. ISO 9622) using a set of individual milk samples|
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Table C.6 — Example of fat analyses

Reference Instrumental method Repeatability Accuracy
Sample N° method Test 1 Test 2 Mean Corrected Range Bias Residual
y x4 % x W) | welymxl | d=x-y |e=y-yv)
1 1,89 1,92 1,94 1,930 1,90 0,02 0,04 -0,006
2 1,98 2,05 2,06 2,055 2,03 0,01 0,07 -0,045
3 2,48 2,55 2,56 2,555 2,54 0,01 0,07 -0,061
4 2,66 2,56 2,56 2,560 2,55 0,00 -0,10 0114
5 3,10 3,16 3,13 3,145 3,15 0,03 0,04 ~0,049
6 3,23 3,20 3,22 3,210 3,22 0,02 -0,02 0,014
7 3,37 3,31 3,34 3,325 3,33 0,03 <0,04 0,085
8 3,57 3,51 3,50 3,505 3,52 0,01 -0,06 0,0%0
9 3,53 3,51 3,50 3,505 3,62 0,01 -0,02 0,010
10 3,62 3,57 3,57 3,570 3,59 0,00 0,05 -0,067
11 4,02 4,00 4,01 4,005 4,04 0,01 -0,01 -0,016
12 4,15 4,05 4,09 4,070 4,10 0,04 -0,08 0,047
13 4,59 4,52 4,51 4,515 4756 0,01 -0,08 0,028
14 4,61 4,59 4,57 4,580 4,63 0,02 -0,03 -0,019
15 5,10 5,06 5,06 5,060 5,12 0,00 -0,04 -0,0p4
16 5,23 5,18 5,19 6185 5,25 0,01 -0,04 -0,0p2
17 5,49 5,44 5,44 5,440 5,62 0,00 -0,05 -0,0pR5
18 5,61 5,48 5,47 5,475 5,55 0,01 -0,14 0,0%8
19 5,80 5,74 5,76 5,750 5,84 0,02 -0,05 -0,0B35
20 5,89 5,80 5,78 5,790 5,88 0,02 -0,10 0,014
oo 20 %0 20 20 20 20 20 2
Mean 3,991 3,960 3,963 3,962 3,991 0,014 -0,030 0,000
ita’?d‘f’"d 1,260 1,223 1,219 1,221 1,259 0,011 0,059 0,047
eviation
Minimum 1,890 1,920 1,940 1,930 1,896 0,00 -0,14 -0,07
Maximum 5.890 5.800 5.780 5.790 5.876 0.04 0.07 0.1
A=max.-min. | 4,000 3,880 3,840 3,860 3,980 0,04 0,21 0,18

In conclusion, instrument accuracy complies with limits defined for the component analysed and the type of
milk fat in individual cow milk, by reference to the protocol and Clause B.1, thus is assessed positively. The
mean bias and slope significantly differ from 0 and 1 and indicate that calibration can still be optimized further
if needed for the purpose.

See Figures C.5 and C.6.
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Parameter Estimate Limits Conformity
Repeatability S 0,012 0,014 Yes
Mean bias, d -0,030 + 0,050 Yes
s;(=s, 7y) 0,059 0,100 Yes
Accuracy N 20
tysversus 0 2,218 15975 = 2,093 p>0,05
v 19
Slope, b 1,031 1 1+0,05 Yes
sy 0,008 8
tops b VErsus 1 3,511 19975 = 2,101 p=> 0,001
. Intercept, a -0,093 5
Regression
s, 0,037
tops @ VErsus 0 2,556 10,975=2-101 p>0,05
v 18
S 0,047 0,100 Yes
YA
8,00
1
7,00 -7
6,00 f
5,00 f,
4,00 fz/
3,00 /
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2 /
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O 00 | | | | | | | >
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Key

regression line
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X instrumental method, fat content, % mass fraction
y reference method, fat content, % mass fraction
O meanx

Figure C.5 — Assessment of accuracy: results for the reference method plotted
against those for the instrumental method
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