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Forewords

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.
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IDF (the International Dairy Federation) is a non-profit private sector organization representing the
interests of various stakeholders in dairying at the global level. IDF members are organized in National
Committees, which are national associations composed of representatives of dairy-related national
interest groups including dairy farmers, dairy processing industry, dairy suppliers, academics and
governments/food control authorities.

ISO and IDF collaborate closely on all matters of standardization relating to methods of analysis
and sampling for milk and milk products. Since 2001, ISO and IDF jointly publish their International
Standards using the logos and reference numbers of both organizations.

Attention is drawn to the possibility that some of the elements of this document may be the subject of

rights. IDF shall not be neld responsible for identifying any or a Och patent rightp. Details of
patent rights identified during the development of the document will be in the Intredudtion and/or
e ISO list of patent declarations received (see www.iso.org/patents).

Any|trade name used in this document is information given for the convenience of‘users apd does not
congtitute an endorsement.

This| document was prepared by the IDF Standing Committee on Statistics’ and Automatjon and ISO
Technical Committee ISO/TC 34, Food products, Subcommittee SC 5, Milk-and milk product$. It is being
publiished jointly by ISO and IDF.

The work was carried out by the IDF/ISO Action Team (S14) of thé Standing Committee on Statistics and
Autgmation under the aegis of its project leader, Dr S. Orlandini\UT).
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Introduction

This document 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 a limited number of new instruments available for study.

The latter is generally the case with dedicated instrumental methods (e.g. milk payment analysis,
milk recording analysis) of which the commercialization depends on official approvals for use. An
application for such an official approval is to be accompanied by one or more assessments of the
relevant performance characteristics.

This document specifies a harmonized protocol for such a method validation by expert laboratérigs. It
lists the evgluation steps and provides a criteria-based approach for the assessment of the perfermpnce
characteristics, including guidance for checking statistical compliance.

On the basig of such a harmonized protocol, a limited number of evaluations should suffi¢e for a dec]sion
by an appr¢val body for the application of the method and/or equipment. Examples with indicative
limits are gliven for the evaluation of a method for the determination of fat, protein, lactose, urea and
somatic cel] count in milk. The guideline can also be applied to other parameters-such as freezing point
and pH in milk.
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pcol defined in this document.

Normative references

5725-1, Accuracy (trueness and precision) of measurement methods and results — Par
riples and definitions

B196-1 | IDF 42841, Milk — Definition and evaluation of the overall accuracy of alternativd
analysis —\Rart 1: Analytical attributes of alternative methods

B196-251DF 128-2, Milk — Definition and evaluation of the overall accuracy of alternativé
andlySis — Part 2: Calibration and quality control in the dairy laboratory

3 Terms and definitions

76256 — — . Featibrationtat b

e validation

following documents are referred to in the text in such a way that some or all of their content
condtitutes requirements of this docurent. For dated references, only the edition cited

hpplies. For

ited references, the latest editiofi of the referenced document (including any amendments) applies.

B534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and tgrms used in
probability

t 1: General

methods of

b methods of

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 5725-1,
[SO 8196-1 | IDF 128-1, IS0 8196-2 | IDF 128-2 and the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/
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31
validation of alternative method
verification of the performance of an alternative method on whether it is adequate for the intended use

3.2
measurand
quantity intended to be measured

Note 1 to entry: A measurand may be a milk component (e.g. fat and protein), a physical characteristic (e.g.
freezing point) or a biological element (e.g. somatic cells).

Note 2 to entry: Adnphad from IQﬂI/IFT' Guide 99:2007 2.3

3.3
quantitatiye method
method of pnalysis whereby the result is an amount of a quantity, a concentration of’a‘value|of a
measurand [3.2) determined either directly or on a test portion

3.4
methods cImparison study

study perfofmed by an expert laboratory (3.6) of an alternative method againstthe reference method or
a comparis¢n method/instrument under test bed conditions

3.5
interlaboratory study
study of th¢ performance of an alternative method on one or more “identical” laboratory samplgs of
homogeneops, stable materials under documented conditions in several laboratories and under the
control of ah organizing laboratory (3.7)

Note 1 to enflry: The data interpretation should be performedin collaboration with expert laboratory (3.6).

3.6
expert labgratory
laboratory having qualified staff and equipmentto perform a methods comparison study (3.4)

Note 1 to entry: The expertlaboratory is specialized in analytical evaluations and shall conform to ISO/IEC 1{7025
as well as haying relevant experience in the:area of application.

3.7
organizing laboratory
laboratory |having staff with\statistical expertise and qualified staff and necessary equipment to
prepare thg samples to perform an interlaboratory study (3.5)

Note 1 to enfry: The organizing laboratory shall operate in conformity with ISO/IEC 17025 for the method [used
to check the homogeneity of the samples.

3.8
national approval
authorization of the 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 approval body

3.9

international approval

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

2 © ISO and IDF 2022 - All rights reserved
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4 General principles for the validation of alternative methods
4.1 Validation protocol

4.1.1 General

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

4.1.2 Phasel

btics of the
e reference

A mlethods comparison study includes the assessment of the performance characteri
altefnative method under validation. A comparison of the alternative method against th

method under test bed conditions is required. In cases where the instrument underevalua
same analytical principle and only minor technical changes from the previously validated
comparison can be done between the two instruments, considering the results©fthe oldes
an ahchor to evaluate the results of the new instrument generation.

This|part of the evaluation shall be carried out by an expert laboratory.

4.1. Phase I1

A method confirmation study under routine testing condition$.is initiated after a successft
is recommended to examine at least two instruments, for national approval, or three insty
international approval.

Dep¢nding on the purpose, the approval body can:decide whether two or three instrum
be exkamined and whether the instruments are to, be located in the same laboratory or
laboratories and geographies under routine testing conditions. A test period of a minin
monjths is recommended for Phase Il or to organize an interlaboratory study associated w|

tion has the
version, the
t version as

1] Phase I. It
uments, for

ents are to
in different
hum of two
ith the data

collgdction from routine laboratories. For this-phase, detailed steps are described in 5.3.2.

4.1.4 National approval

Basqd on the content of submitted-reports, a competent body can grant a national approval, indicating
sufficient quality in measurement results and adequateness of the alternative method for the proposed
purpose.

4.1.%

b International-approval

ternational
performed
atory study

Approval bodies.or” international organizations can grant an international approval. Iy
appijoval can/be/granted based on three single national validations or the results of Phase
in anp expertiaboratory and the results from a method confirmation study or an interlabor
as described in 4.1.3.

4.2 “Field of validity of the approval

This protocol is applicable to the validation of alternative methods for the quantitative compositional
analysis and somatic cell count determination in raw milk from cow, sheep, goat and buffalo. The
validation study shall be conducted separately for the milk of each species. When a component under
validation occurs with unusual concentrations (e.g. Jersey breed with high fat and protein content) the
evaluation should be carried out over the whole relevant range of the concerned component.

The method and/or instrument should be evaluated with the configuration as offered by the concerned
manufacturer. If the configuration changes, it should be proven in an independent way that it does not
influence the precision and the accuracy beyond acceptable limits.

Carefully note and report all characteristics of both the milk products analysed, the calibration model(s)
version and the configuration(s) of the alternative method assessed.
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5 Technical protocol for the validation

5.1 Course of operations

Whatever the alternative method, a standard measurement process can be represented schematically
as shown in Figure A.1. Each step corresponds to a source of error that can contribute to the overall
uncertainty of the method. The evaluation protocol and experimental designs are constructed to fit the
sequence of signal treatment and to permit verification that they are set up in such a way that precision
and accuracy of the method can respond to the limits required in practice.

It is necessary for each step of the evaluation described in the fn]lnwing paragraphs to fulfil the
appropriatg limits for each analytical criterion before starting the next step.

The methods comparison study (Phase I) defines the minimum assessment sequence to be ¢arried|out.

The methodl confirmation/interlaboratory study (Phase II) provides complementarygitiformatiopn on
the method|performance under routine use conditions.

5.2 MetHods comparison study (Phase I)

5.2.1 General

The evaluation is to be carried out with test results expressed in stairdardized units of the refergnce
method. Fogr methods covering large ranges of measured values (i.e. wider than one log unif), it
is recommgnded to split the range into levels, each of maximum width one log unit, so as to ohjtain
a minimum of three levels and to perform statistical calculations separately on each level. Where
appropriatg, a logarithmic transformation of the data can be-applied, see 5.2.2.

NOTE1 Fr instance, for fat in commercial milk, distinction can be made between skim milk, semi-skimmed
milk and whele milk. For raw milk, natural fat and protein ranges are often related to the species, which are|then
to be assess¢d by separate evaluations (see 4.2). Somatic cells in raw milk typically cover a range of severgl log
units.

Evaluation fesults should conform to the spetifications stated in the following paragraphs. For general
dairy indugtry purposes, limits for the. different analytical characteristics mentioned have been
extracted of derived from existing International Standards.

Annex B summarizes these limits for fat, protein (crude protein, true protein and casein), lactose, firea,
somatic cells, freezing point and’pH as indicative limits obtained from proficiency tests.

NOTE 2  Fprliquid milk dirzing milking or processing, there can be different assessment criteria for in-lin¢ and
at-line analy$es systems:

5.2.2 Compulsory assessments for the validation

5.2.2.1 Absessmentofpreliminaryinstrumentalfittings — |

5.2.2.1.1 General

Before starting any further assessment, basic criteria indicating a proper functioning of the method
or the instrument require verification. These criteria are repeatability, intralaboratory reproducibility
carry-over and linearity:.

5.2.2.1.2 Precision (repeatability and intralaboratory reproducibility)

The method used should present a stable measurement signal that conforms to the precision
requirements. If not, the analyser is either not functioning correctly (and should not be used) or its
precision is not appropriate for the objective of the analysis. Hence, the instantaneous stability
(repeatability) and the signal level stability shall be assessed prior to any other characteristics.

4 © ISO and IDF 2022 - All rights reserved
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The precision should be evaluated at three different concentration levels of the component measured:
low, medium, and high.

During the day, analyse pilot milk samples in triplicate (n = 3) every 15 min to 20 min of instrument
activity without any change in the calibration in order to obtain results from a minimum of 20 pilot
samples analysed for each level (q = 20). Preferably, the instrument should be operated under conditions
as close as possible to routine circumstances. Sufficient numbers of samples should be processed to
keep the instrument running between the periodic checks.

Estimate for each pilot:

a) c _tho '\v\r]ﬂrd dnn“qh‘nr

7 CIIc Stahita TV ITacroTrr

b) ¥, the standard deviation of mean pilots;

¢) . the standard deviation between time periods;

d) Fpintras the standard deviation of intralaboratory reproducibility.
For ¢ach time period (i = 1,2, ... ), calculate the pilot sample mean x_j and the standard devlation of the
meah pilot s; over the q replicate measurements, as shown by Formulae{1) and (2):

1 n

n“

i=1
LY 5 ) @
“Yho1 gt
i=1

whele

h is the number of replicates at each'time period (typically n = 3).

The foverall repeatability standard deviation of this pilot is found by averaging these s% oyer all the q

J
timq periods in the day, as shown'by Formula (3):

_d Z" 2y1/2 (3)
- J

q =
whele

g is the-number of time periods.

and thestandard deviation of mean pilots, as shown by Formula (4):

o ) 2

1 J—
where X = 1 X;
q i=1
The corrected standard deviation between time periods (for this pilot) is given by Formula (5):

S, :(sg —SE /n)l/2 (5)

withs,=0ifs.<0.
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The overall standard deviation of intralaboratory reproducibility for this pilot is shown by Formula (6):

SRintra =

2

2
Sy +S¢

The values obtained for sp and sp; ..., Should conform to the limits stated in Annex B.

(6)

The stability of the method response during the analyses of the pilot sample can be visualized by
plotting the means X; of the different three pilots means versus the time. See the example in Clause C.1.

5.2.2.1.3

Carry-over effect

5.2.2.1.31

Strong differences in component concentrations between two successively~anal

samples can influence the result of the second.

Differences
circulation
within cert
material frg

Automated
over effect

5.2.2.1.3.2
in the instr
values statg

Limits are

than the re
condition L
AL ;ngeis thie
For compor

can be caused by incomplete rinsing of the flow system and the measuring cell by li
and contamination by the stirring device. Automatic correction of results is accepf

m one measurement to the next.

analysers for liquids often allow automatic correction to compensate for the overall cg
when necessary. Carry-over shall be clearly distinguished frém rinsing efficiency.

The overall carry-over effect should be assessed including the correction factors eithe

d per component.

ysed

quid
able

hin limits, provided it can be proven that there is a systematic transfer, 6fa small quantity of

rry-

r set

ment or obtained using the method supplied by thédwanufacturer. It should not exceed the

defined from the prerequisite that carry-ovér effect should not produce an error hi

her

peatability of the method. Hence, limits forthe carry-over ratio (COR), L., should fulfi| the
o < (r/ALpapge) * 100 where r is the repeatability limit at the level of the bias measured and
e dlfference between the maximum andthe minimum concentration in the range of intefrest.
ents where repeatability is not codstant over the measuring range, the COR limits arg set

based on the levels of best repeatability (e.g. somatic cell counting). Common limits for COR are in the

range 1 %

5.2.2.1.3.3
without anj

carry-over
2.

5.2.2.1.34
of test port
component
The minimy

tp 2 %.

The rinsing efficiency of the flow system shall be assessed separately by running
 correction (correction: factor set to zero) in manual mode that bypasses the stirrer.
hould not exceed 1% as given in [ISO 9622 | IDF 141 or 2 % as given in ISO 13366-2 | IDF

Analyse-.two samples, with high and low concentrations of prior distribution in s
jons. Reépeat, as many times, as necessary (see below) the analytical sequence in tern
concéntration, low, low, high, high, in order to obtain N sets of results, L; 1, L; 5, Ly; and
i;r number of sequences, N, should be 20.

ests
The
148-

bries
s of
LHZ-

NOTE

For components where repeatability is not constant over the measuring range and for levels with high

repeatability, more numerous sequences can be required. Alternative numbers of sequences can be calculated
by N¢ = [r x 100/(LcAL.)]? where AL, is the range between high and low concentration samples (equal to or
greater than AL

tes
range)*

5.2.2.1.3.5 Method requirements for samples: Prepare a sufficient number of test portions from each
low and high concentration laboratory sample prior to analysis in order to analyse each test portion
only once. The low and high concentration laboratory samples should preferably be milks or liquid
products with similar viscosity to those routinely analysed.

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

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, = r x 100/(L-VNy)
where rand L. are the stated limits and N is the number of sequences applied (see Annex B).

For milk components or criteria covering large ranges of concentration, e.g. from 10 to 1 000, 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 syeh—easeit ndedtochoosealevel Iatthe medianofeachpart+previe sly defined
) IL ln.) l\.r\f\.lllllll\fllu\'u LU CIIUUOoLC Aa l\'V\fl L= 1 acv LIiIic lll\aulull \}l \/M\'ll Ml <) l' l\.er\.l\.
in tHe whole range. A minimum number of two levels in the medium and high concentrat{on range is
needed that can be extended to three for particularly wide ranges.
Indigation for somatic cell counting in individual animal milk, the definition of three lev¢ls, at about
500 [ 103 cells/ml, 1 000 x 103 cells/ml and 1 500 x 103 cells/ml, is recommended.
5.2.2.1.3.6 Calculation: Calculate the mean of the differences, d|;; = L{73— L; and dyy; 3 Ly — Lyt
dy;, Ly and the mean difference of concentration, dg = Ly, —Li,
The [COR can be obtained by using Formulae (7) and (8):
Cie =D Lt — D Lz )¥100/ (D Ly = Y Lip ) =(Lpy —Lg2)x100/ (L, — L5 ) (7)
Copn = (X Lz = X, L1 ) X100/ (Y Lyp = X Lip ) =By — Lt ) X100 / (L, L) (8)
The [two should not exceed the limit, L., in theZtést condition stated for the component feported in
Anngex B.
5.2.2.1.4 Linearity
5.2.2.1.4.1 General
Accqrding to the classical definition of an indirect method, the instrument signal should r¢sult from a
charfacteristic of the compenent measured and thereby allow the definition of a simple relationship to
the gomponent concentfation.
Lineprity expressesithe constancy of the ratio between the increase in the concentratign of a milk
component and the-corresponding increase of the alternative method result. Therefore, lingarity of the
meapurement-signal is in most cases essential to maintain a constant sensitivity over thqd measuring
range and ¢o.dllow easy handling of calibration and fittings. Moreover, it allows in routipe (to some
extept) measurements beyond the calibration range through linear extrapolation.
The methodis cpnr‘iﬁnﬂ in522142ta522144

5.2.2.1.4.2 Samples

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

a) Samples should preferably be milks or liquids of similar physical characteristics (i.e. density,
viscosity), e.g. by combining (weighing) a high content sample, Ly, and a low content sample, L; .
b) Concentrations should vary in regular intervals. Depending on the component, that can for instance

be achieved by natural separation (creaming for milk fat), artificial separation (ultrafiltration for
protein, microfiltration for somatic cells) and recombination, or by using pure solutions (lactose
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and urea). For the PLS calibration model, it is suggested to add pure substance (powder, e.g. lactose)
to the milk.

c) Thelinearity assessment range should be congruent with the concentration range for the validation
study (see Annex B).

d) Reference values for linearity samples can be established from either the mixing ratio or the
theoretical concentrations as calculated from the concentrations of the initial samples. Depending
on the alternative method, they should be obtained from volume by volume mixing ratios where
analysis is performed on a milk volume (volumetric intake measurement) and from mass by mass
mixing ratios where analysis is applied to a weighed milk portion (see Annex D).

5.2.2.1.4.3| Analyses

If N is the frotal number of replicates to execute for each sample, analyse first, in orderof.incredsing
concentratipns, half replicates (N; /2) and second, in order of decreasing concentrations;half repli¢ates
in (N /2), sp as to obtain the total replicate number N; relevant for the measurand (see Tables B.1}, B.2
and B.3).

5.2.2.1.4.4| Calculation and assessment

Calculate the linear regression formula y = bx + a (where y = instrument and x = reference) and the
residuals e;|(e; = y; - bx; - a) from the means of replicates and the theeretical reference.

Plot the r¢siduals, e, on the ordinate against theoretical conceéntrations on the abscissa. Visual
inspection ¢f the data points usually yields sufficient information about the linearity of the signal.

Any deviatipn from linearity or obvious trend in the data_in‘this plot indicates a potential problem and
should lead|to further investigation of the method, as detailed below.

Any residual obviously being out of the current distribution (outlier) should lead to deletion of|that
result and rlepetition of the calculation before applying further tests.

Calculate tHe ratio of the residual range to the signal values range, shown by Formula (9):

A, — E max ~ €min ) 9)
AL (lmax _Lmin)
where
€nax 1$ the numericdlyalue of the upper residual;
enin 1% the nungerical value of the lower residual;
L.« 1§ the numerical upper mean value measured with the instrument;
manrical loas panas oo | FEPNELC WL TR PAY dunth tha i ot inan
Lyin iSthenumericaHower mean-valuemeasured-with-the tnstrament:

NOTE1 Limits are defined from the prerequisite that deviation from linearity will not produce a larger error
than the repeatability of the method over the usual measuring range. Hence, limits of the relative linearity bias,
Le/ar, are meant to fulfil the condition Ly ap, < /ALy, for the upper acceptable repeatability, with r being the
repeatability limit and AL, 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/AL,, .. are in the range 0,01 to 0,02.

NOTE 2  The number of replicates, N;, needed to ensure significance of the Ae/AL test can be estimated by the
conditions:

Ny 280,2/(L?jo/p; AL2og)) Or Ny 2 12 /(L2 5 ALZ o)
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NOTE3  Concentration ranges, AL, larger than AL, ,,. allow the measurement of larger linearity bias, 4A,,
with a similar relative linearity bias and increased significance for the same maximum repeatability value. The
minimum concentration range can be estimated by the conditions: AL, 2 2\/20r/(LAe/AL Np)or ALy 21 /(Lpe/

AVNY).

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

Furthermore, if needed, nonlinear trends can be evaluated by second- and third-degree polynomial and

statistical tests.

5.2.2.1.5 Measurement limits

Limits of a measurement with an instrumental method exist at both extremities of the-analy
e.g. 3 lower limit and an upper limit.

It is|not required to determine these limits when natural concentration,rarnges for the
components and species are normally located far from zero (which is generaly the case for
components, i.e. fat, protein, lactose, urea), and within the linearity range-of the method.

The pssessment of the measurement limits can be carried out in combination with the evaly
linegrity. If linearity is not achieved throughout the whole con¢entration range, determin
range of application for the method concerned.

5.2.2.1.6 Lower limits

5.2.2.1.6.1 General

Whdre, routinely, only single determinations-are carried out, ¢ is the standard deviation
errof of the measurement. In the best case,that is the repeatability standard deviation at th
of zdro content. Standard deviation of repeatability for the blank or standard deviation of r

ated at concentrations close to zeéroare to be used. Atleast 20 samples are required as i
cates.

.2.1.6.2 Detection limit

detection limit defines the lowest results, which differ significantly from zero. Tq
method detectionslimit (LOD) it is necessary to analyse a milk sample with a low co
meter. Run 1Q-réeplicates, calculate the mean and standard deviation. Calculate the L
s the standafd-deviation.

.2.1.6.3.Quantification limit

quantification limit, which is the smallest amount of measurand that can be me

rtical range,

respective
biochemical

ation of the
b the actual

of random
e proximity
bpeatability
hdependent

determine
htent of the
DD as three

asured and

5.2.2.1.6.4 Upper limit

0 times the

Upper limit corresponds to the threshold where the signal or the measurement deviates from linearity.

(see 5.2.2.1.4 and Annex B).

5.2.2.2 Evaluation of the overall accuracy

5.2.2.2.1 General

The overall accuracy depends on the repeatability, the accuracy and the applied calibration
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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).

5.2.2.2.2 Samples

Good quality milk samples should be used. Individual milk samples should cover the maximum

concentratipn range of the component, according to the specifications of Annex B.
The minimum number required for the measurand is related to the statistical significange in
comparisors and the matrix variability of the product.
Generally, 4 minimum number of 100 individual animal milk samples (N, = 100) from,different hierds
(Np > 5) and 60 herd milk samples (Ng,pp1e/n = 60) are required with regard todhe need for sample
representaffiveness (see Annex B). These samples should be measured in dupli¢ate with referencq and
alternative methods.
The time bgtween the two methods should not exceed 2 h.
The data obhtained from these duplicates will be used to calculate and assess the repeatability.
5.2.2.2.3 [Assessment of repeatability
Repeatability is the main criterion indicating whether a miethod produces stable results according to
user requirpments. 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 satfisfy the criteria for approval.
The standafd deviation of repeatability is caldulated from duplicate results obtained from the whole
set of data pnd, for criteria covering a wide range of concentrations, that is more than one log $cale
(part by part after splitting of the whole concentration range into different parts (minimum three parts
of maximurh one log unit width each, i-e:low, medium and high).
For g samples analysed in duplicate, the standard deviation of repeatability is calculated from
Formula (1() [see also Formula-(€/5)]:
q 1/2
1 2
sr=| =1 D wi (10)
2975

where w; isjthe maodulus of the difference between duplicates of sample i (w; = |xq; = X5;])-
The value qf'sp obtained should be compared with the limit value for the repeatability values, q,, as
defined for the relevant measurand and application (see Annex B). Itis expected thats,.<o.

For the calculation of the repeatability, it is possible to duplicate data obtained during the accuracy test
as reported in 5.2.2.2.2 and the data obtained during Phase Il where the routine samples are analysed
in duplicate.

5.2.2.2.4 Accuracy

5.2.2.2.4.1 General

According to 1SO 8196-1 | IDF 128-1, the overall error of trueness comprises the combination of the
error of the calibration model and the error of accuracy.
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The aforementioned parameters are obtained from a simple linear regression, calculated in accordance
with ISO 8196-1 | IDF 128-1 and ISO 8196-2 | IDF 128-2 using means of duplicate instrumental results,
y, and so-called reference results, x, obtained by the reference method or a comparison method in
duplicate.

For measurands covering a wide concentration range, that is more than one log scale (i.e. with somatic
cell count), an 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 one log unit width each, i.e. low, medium and high).

NOTE In cases where the precision error in the result of the alternative method is significantly lower than
the precisiomerrorwithrtire reference rethod; xamd ycamr beswapped:

5.2.2.2.4.2 Assessment of accuracy

For faw 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 instfiimental regults, x, and
refefence results, y. It is assumed that the differences from the regression lifie are normally|distributed
and fthe variance is homoschedastic. If not, the logarithmic data transfofmation is recommended. Any
outlying results (e.g. Grubbs test) should be carefully scrutinized. FoP outlying results, further test
samples drawn from the same calibration sample should preferably be reanalysed by both the reference
method and the alternative method.

When outlying figures remain, the report should present(s, estimates and graphs ipcluding all
data| (with the outliers identified, their number and respective biases) as well as s, estimates after
discfrding outliers. Statistical methods used to identify eutliers should be specifiedyin the evaluation
repdrt. 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
conderned. It should respect the condition s,,\$°0,,. Limits for individual animal and herd bulk milk
samples are given in Annex B.

In the case of assessing the accuracy of‘an instrument by comparing it with another already validated
instfument, the same number and(type of samples should be analysed with both instruments. In
addifion, it is required to analysewith the reference method a limited number of these samples (e.g. 20
indiyidual milk samples and 10-herd milk samples) that cover the expected range.

When comparing with ap-alréady validated instrument, results with this instrument are §o be put on
the y-axis and results with-the instrument under validation on the y-axis.

5.2.2.2.4.3 Assessment of a revised calibration model

In cqse of a new version of the calibration model being provided by the manufacturer, analyse 20 milk
samples that:cover the working range, or use available reference materials, before and aft¢r installing
the pew<calibration model.

App _y A l‘: t\,ot tU tllb tVVU OL«‘\:D Ufl \,oulto Ub‘\:a;llbd tU bVCllblCltb ;fthbl © ;O [23 o;sll;fl\,allt d;ff\,l Il ‘e.
5.2.3 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 can have implications in milk sample handling (sampling, preservation, shipment, etc).
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5.2.3.2 Ruggedness

5.2.3.2.1 General

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.

The principle of a 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 influenged component.

Then the raftio of the difference observed and the change introduced is calculated and expressed in the
relevant unjts.

5.2.3.2.2 [Effect of major milk components (interference)

5.2.3.2.2.1| General

To determine if there are any interactions of different milk compornents (fat, protein, lactpse),

appropriate
procedures
other meth

The effect

lactose or ufrea to milk.

The effect
can be eval
specified in

The effect {
i.e. low, meq

5.2.3.2.2.2

Biological d
bacterial gy
is relevant
order to ev
conditions.

Clotting, ch
results. In t

5.2.3.2.2.3

guidance is provided in ISO 9622 | IDF 141 for sample preparation and calculz
Although first developed for mid-infrared methods, the approach is also applicable
ds.

f lactose or urea on other component measurements can be evaluated by the additic

high fat and protein content on the somaticcell count in milk (sheep, goat and buffalo 1
hated by recombining cream (natural creaming) and milk retentate in a similar way to
[SO 9622 | IDF 141.

hould preferably be measured at three relevant levels within the range of the measur
lium and high, for the animal species.

Effect of biochemical-changes in components

hanges in milk usually result in breakdown of milk components that can be induce
owth or enzymatic-activity. Deterioration of milk samples may go unnoticed. Therefo
fo check the susceptibility of an alternative method for such deterioration, in particul

prning.and oiling are generally clearly visible defects of raw milk that can affect analy
hosecases, samples should be discarded.

ition
with

n of

nilk)
that

and,

d by
re, it
ar in

hluate the quality of the sample preservation and the suitability of sampling and shipinent

tical

Lipolysis

The possible effect of lipolysis can be monitored through artificial induction (i.e. repeated cooling,
heating and vigorous mixing), through activation of native lipase or through addition of bacterial lipase
(e.g. from Pseudomonas spp.). The level of free fatty acids should be raised 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 fatty acid concentration, x, is significantly different from 0,00.

12 © ISO and IDF 2022 - All rights reserved


https://standardsiso.com/api/?name=86ebba2db0d582890187573317485198

ISO 8196-3:2022(E)
IDF 128-3:2022(E)

5.2.3.2.2.4 Proteolysis

The possible effect of proteolysis can be monitored through artificial induction (i.e. using microflora
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.

5.2.3.2.2.5 Lactic souring, pH

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

At ldast five levels are required. Check that at the higher levels the milk does not clot atythe|water-bath
tempperature in order to prevent blockage or damage to the liquid flow systems.

The effect exists if the slope of a linear regression equation of measurement result, y, versus lactic acid
condentration, x, is significantly different from 0,00.

5.2.3.2.3 Effect of interferent

5.2.3.2.3.1 General

The fombination of cooling and storage at 0 °C to 6 °C with a preservative such as bronopol (2-bromo-2-
nitrgpropan-1,3-diol) appropriately preserves clean (uncontaminated) milk samples. Thes¢ conditions
gengrally apply to calibration and control milk samples. In practice, sample conditiong can differ
(different type of chemical preservatives, transport;storage time and temperatures).

Thegefore, it is of interest to determine the effect of preservation conditions on alternatiive method
resullts. Based on this, adequate advice on proper sample handling and preservation can be [provided to
the yorkers involved.

This| is achieved by analysing two identical sample sets with the method in one run, ong set having
the yisual preservation and having undergone the usual handling conditions, the other set having been
subjgect to optimal conditions, and\then comparing the obtained results.

For leach item, component €gncentrations should cover the usual concentration range fin practice.
Sample numbers of 30 t040 are generally sufficient. Statistics to be used are the same as in the
assegsment of overall @ecuracy, using optimal conditions as reference. The mean and the standard
deviption of differences provide information on the average error due to sample conditiong tested and
posdible significanee. Additionally, the effect on repeatability can be evaluated by analysing duplicates
and fomparingss,obtained in both preservation/handling conditions using the F-test.

5.2.3.2.3.2" Effect of added chemicals (preservatives)

A pogsible effect on analytical results can be monitored through comparisons of identical pajrallel series
of milk samples preserved with different chemical preservatives. Other preservation parameters shall
be maintained equal in order not to influence the results. Evaluate the effect of both the nature and
concentration of the preservative. The effect of the preservative shall be evaluated also in comparison
with the instrument already certified and/or installed in the laboratory.

5.2.3.2.3.3 Effect of sample intake temperature

Analytical instruments can be sensitive to environmental conditions (i.e. humidity, temperature,
vibrations). In particular, sample temperature can be a critical point with respect to the internal
instrument temperature. A comparison at two extremes (specified lower and upper limit as advised by
the manufacturer) on identical sets of different milk samples provides sufficient information.
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5.2.3.2.3.4 Effect of storage conditions (time and temperature)

Sample temperature can affect the physical characteristics of milk components (i.e. crystallization of
fat, solubility of casein and the mineral fraction).

Besides, storage time can determine the ability of milk to recover its native physical and chemical
characteristics before being analysed. For instance, cream separated from skim milk becomes so firm

that obtaining a homogenous sample is hampered when applying normal mixing conditions.

5.3 Method confirmation study (Phase II)

5.3.1 Gelleral

This part o
produce an

5.3.2 Ver

During Pha
laboratorie
during 5 co

Set of pilot
= 2) during
measured i

All samples

Before star
performed
then the pr|
evaluation.
level per da

The values

The stabilit
by plotting
the method
performang
by grading

routinely applied in‘enough laboratories willing to join in an interlaboratory study, in accordance

[SO 5725-2

y and for the entire Phase II, the performance as reported in 5.2.2.1.2.

the evaluation consists of various elements that determine the ability of the laborato
hlytical results within the time expected and at the cost expected or needed.

ification of precision in routine conditions

se II, two or three of the same type of instruments should be evaluated in one or 1
5 for at least two months. The instruments should be routinely used for at least 4 h pej
hsecutive days. In this test period, the following protocol should’be applied.

5 consecutive days. In the time between the pilot samples, routine milk samples shoul
h duplicate.

ting the validation analysis, the routine ‘start up procedure of the instrument shoul
hnd give satisfactory results. If there is;any deviation in the results with the daily staj
pcedure should be repeated or ohtaifted results should not be contained in the statig
Ensure that problems in the daily;start up are noted and reported. Estimate, for each

pbtained for s, and sg;,;, $hould conform to the limits stated in Annex B.

y of the method response during the analyses of the pilot samples can be visua
the mean resultstof the three different pilot samples versus the time. In the repo
, confirmation_study opinions should be provided on criteria such as compliance
e limits, simplicity, ruggedness, testing rate, user friendliness and safety. This can be
e.g. poor, medium, good) and including specific remarks. When the method or instrume

'y to

hore
day

samples at 3 levels of measurand should be measured eachi 25 min to 20 min in duplicafe (n

d be

should be representative for the milk under validation (single cow’s milk, bulk cow’s milk,
milk from other species if required).

d be

tup
tical
pilot

ized
rt of
with
Hone
ntis

and IDF Bulletin 453/2012, this can be organized as part of Phase Il in order to cal

with
late
for

c
the instrument\precision figures, repeatability and reproducibility. In an interlaboratory stud%]f
instrumentp that need a calibration adjustment/check itis required to supply the same set of calibrdgtion
samples for slope and bias evaluation to each of the participants with clear instructions on their use.
The instrument setting should be adjusted according to the manufacturer’s instructions if necessary.

In addition to the interlaboratory study, to complete the verification, it is required to analyse the data
from the pilot sample(s) from the past 12 months from two routine laboratories.

Additionally, the downtime of the instruments should be evaluated.

The alternative method should also be assessed for general convenience aspects such as speed,
consumables, user-friendliness, safety in use and robustness.

For the validation of the manual method or instrument, Phase II will consist of measuring at least 200
routine samples in duplicate with at least two different instruments/apparatus and batch reagents.
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5.3.3 Data collection

Via the application of internal quality control, results of quality checks, as recommended in
ISO 8196-2 | IDF 128-2, should be collected and reported in order to consolidate the results

3:2022(E)
3:2022(E)

of Phase

I. They can be summarized in tables, indicating for each type of check the successive check parameter
values collected during the test period, their means, minima and maxima, total check numbers and

degree of conformity.

5.3.4 Pilot samples

A raw milk with three different levels of the measurands can be used as pilot samples. The different

levets of the measurands can be obtained via additions of the components of interest to the
addifion, frozen pilot samples can be used for Phase I and Phase II after the stability of'the
testg
com

d have been proven. When a new batch of pilot samples is prepared, the testresult

anal

5.4

5.4.]

Datd

all the necessary information on the evaluation course, tablésiwith results on analytical pe

disc

5.4.2

The
a)
b)
‘)
d)

5.4.

The
appf]
beer
prod
It sh
of th

bared to the test result of the batch in use. For this, the current and the hew batcl
ysed in parallel during at least one day of Phase II.

Report and approval delivery

|  General

and experience gathered in both Phases [ and I1 shall be dulyydescribed in the validation
1ssion, conclusions and summaries, and be made available for an eventual certification

P National validation

pverall report should comprise four documefits:

h report of the test bed evaluation (Phasel), including raw results in annexes;
h report of the routine verification(Phase II);

h summary of conclusions of the Phases I and II;

h general conclusion in regard to the intended use of the method.

3 International validation

reports of PhaseT and Phase II obtained according to 4.1.5 are collected for transmi
oval body by the requesting organization. If the three single national approvals (see

obtained; these can be considered as well. The formal request should be made accof
edure-defined by the international organization granting the international validation
puld ¢omprise the elements proving prior successful validations in the required numbe

raw milk. In
parameters
s should be
h should be

report with
formances,

5sion to the
4.1.4) have
'ding to the
br approval.
r. Examples

iscare:

a)

the formal request for the validation/approval with appropriate forms, where available;

b) the technical documentation relating to the method/instrument (i.e. principle, device and

‘)
d)

capabilities, calibration version) as supplied by the manufacturer;
areport of the test bed evaluation (Phase I), including raw results in annexes;

reports of routine verifications (Phase II).
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Annex A
(informative)

Measurement process and overall accuracy

Regardless of the indirect method used, Figure A.1 represents the measurement process schematically.
Not all steps necessarily exist in every method or instrument. This depends on manufacturer choice in

relation to

cell countiy
dispersion {

In some cages, several steps can be combined, e.g. those lying within the dashed line box in Figurd
in particular with infrared devices. Nevertheless, in theory, the different steps of the signal proces
p in the instrument and remain available to be activated or not, through active or ney

can be set 1
mathematig

Interaction$ of major components or carry-over effects can be accommodateéd for adapting the prin
of the method and/or the physical device (physical treatment, chefmical reagents, tube length)

he principle of the measurement and the component measured. For instance, only aysmall
or negligible effect of fat and protein is to be expected in the interaction (reduction) step in sematic

g by fluoro-opto-electronic methods in milk, as interactions are normally oveico

hrough treatment with chemical reagents before the measurement.

al matrices.

therefore ng longer needing numerical corrections.

f

by

e A1

sing

htral

ciple

and

Carry-over
correction
Signal processing = numerical optimization
a I b O al e
Measurefent| | |Amplification Linearied® | Interaction || ! Calibrati
(signd) ™ (gain) inearizdtion (reduction) [ ™ alibration
I I
LN J
a  Zero/blank, repeatability,stability, reproducibility.

b Sensitiyity, measurement lower limit, repeatability.

¢ Linearify range, upper limit, accuracy.

d  Effectd

e Suitabi

f othermilk components, accuracy.

ity of manufacturer calibration system, accuracy.

Display
printing
recording

f Effect of previous milk intake, repeatability, accuracy.

Every step of the measurement process corresponds to an element of the breakdown of overall accuracy
of the method. Minimizing the overall error is achieved through minimizing every component, thereby
optimizing every step of the measurement process. Then the experimental design for the evaluation 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
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Limits for the performance characteristics with raw milk

The [limits listed in Table B.1 apply to cow and goat milk samples with medium conteft,if] the ranges
menfioned.
Table B.1 — Limit for a milk with medium content of fat and,protein
Measurand Criteria limits
Fat |Protein?| Lactose Urea Freezing | pH SCC
(units) g/100g | g/100g | g/100 g | mg/100¢g point x 1000
m °C cells/ml
Range, — Whole 2,0 to 2,5to 4,0 to 10;0.to [480to530({6to 75| [0to2000
AL fge — Low (L) 6,0 4,5 55 70,0 0 to 100
— Medium (M) 00 to 1000
— High (H) >1000
Carily-over ratio limit, L, 1 1 1 2D
Seqyence number, N, 20 20 20 20 20
Minjmum range, AL, 4 3 1,5 45 500
Lingarity: ratio limit, Ae/AL 0,01 0,01 0,01 0,02 0,02
F_{ep icate number for P 6 6 6 8
lineqrity, N},
Maxfimum range, AL, ¢, 4 4 4 100 2000
Repeatability
Average standard deviationmof
repdatability, s, (filter 0,014 0,014 0,014
instrument)
Average standard.deviation of
repdatability, s, (1T instrument) 0,008 0,008 0,008 L4 L1 0,02
Average repeatability, r
(filter instriiment) 0,04 0,04 0,04
Average Pepeatability, r 002 | 002 | 002 3,92 3,08 | 0,056
(FT ncfrnmpnf)
Relative standard deviation of
repeatability, s,, %
s, — Whole 4 %
s, —Low (L) 6 %
s, ~— Medium (M) 4%
s, — High (H) 3%

b Limit for Cy ;.

3 Same criteria limits for protein apply to crude protein, CP (Wgp = wy o X 6,38), true protein, TP [wyp = (Wy o -
WN,nm}_P) x 6,38] and casein, Cas [wCa.S = Wy tot - Wl\_I,non-C) x 6,38] where wy . is total nitrogen content, wy ;,,.p is non-
protein nitrogen content and wy ,,n.c is non-casein nitrogen content.
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Table B.1 (continued)

Measurand Criteria limits
Fat |Protein?| Lactose Urea Freezing | pH SCC
(units) g/100g | g/100g | g/100g | mg/100g | point x 1000
m °C cells/ml
Intralaboratory reproducibility
Average_ stan_dard deviation, 0,02 0,02 0,02
SRintra (filter instrument)
Average standard deviation, 0,014 | 0,014 | 0,014 2 18 0,025
SRlntl‘a (FT 1 oLl bllllclll.}
Average rep roducibility, R . 0,06 0,06 0,06
(filter instryment)
Average reproducibility, Ry, 0,04 0,04 0,04 5,6 504 | 0,070
(FT instrument)
Relative stapndard deviation of
reproducibility intra, g %
Spintra — Whole 5%
Spintra — Jow (L) 7%
SRintra Medium (M) 5%
SRintra High (H) 4%
Calibration
Mean bias, § +0,05 | %0,05 | 0,05 +1,2
Relative megn bias, are] 5%
Slope, b 1+0,05|1+£0,05|1+040 | 1+0,10 1+0,0p
Accuracy
Comparisen of alternative against reference method
Individual animal milk samples
Standard deviation, Oyy 0,06 0,06 0,06 6 4 0,04
Relative stapdard deviation 10 %
of Oy
Nl_lmber of individual animal 100 100 100 100 100 100 100
milk samplefs, N,
Herd bulk milk samples
Standard dejviation, Oy 0,05 0,05 0,05 4 2 0,04
Relative stapdard deviation 10 %
of oy,
Number of Herds, IVi;; 5 5 5 5 5 5 5
Number of Hetehbulk milk 60 a0 60 a0 60 60 a0
samples

b Limit for

Cyy1-

a  Same criteria limits for protein apply to crude protein, CP (Wcp = Wy (o X 6,38), true protein, TP [wyp = (Wy o1 -
W non-p) ¥ 6,38] and casein, Cas [Wcas = (W tor = Wi non-c) % 6,38] where wy i, is total nitrogen content, wy ,q,p is non-
protein nitrogen content and wy ,,,_¢ is non-casein nitrogen content.

18
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B.2 Limit for milk with high fat and protein content

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 content in the ranges mentioned.

The indicative limits reported have been obtained from proficiency tests and validated studies if
available.

Table B.2 — Limit for a milk with high content of fat and protein

Measurand Criteria limits
Fat |Protein?| Lactose Urea Freezing | pH SCC
(units) g/100g | g/100g | g/100g | mg/100 g point x 1000
m °C cells/ml
Range, — Whole 50to |4,0to70| 4,0to 10,0 to 0 to 2 000
ALghge — Low (L) 14,0 55 70,0 0 to 100
— Medium (M) 00 to 1 000
— High (H) >1000
Carily-over ratio limit, L, 1 1 1 2D
Seqyence number, N, 20 20 20 20 20
Minjmum range, AL 4 3 1,5 45 500
Lindarity: ratio limit, Ae/AL 0,01 0,01 0,01 0,02 0,02
Replicate number for linearity, 6 6 6 6 8
Ny
Maxjiimum range, AL, 4 4 4 100 2000
Repeatability
Average standard deviation of
repdatability, s, (filter 0,014 0,014 0,014
instrument)
Avetage standard deviation of
repdatability, s, (FT instrument) 0,008 0,008 0,008 L4
Average repeatability, r
(filtgr instrument) 0,04 0,04 0,04
Average repeatability, r
(FT fnstrument) 0,02 0,02 0,02 392
Relative standard deviation of
repdatability, s,, %
s, | —Whole 4%
s, | — Lowe(h) 6 %
s, | =Medium (M) 4%
Sr ”igh (”) 3 %
Intralaboratory reproducibility
Average standard deviation, 0025 0025 0025
Shintra (filter instrument) ’ ’ ’
Average standard deviation, 002 002 002
Sgintra (FT instrument) ’ ’ ’
Average reproducibility, R;
(filter instrument) e 0,07 0,07 0,07
@ The same criteria limits for protein apply to crude protein, CP (wcp = wy 1o x 6,38), true protein, TP [wyp = (Wy o -
Wy non-p) * 6,38] and casein, Cas [Wgys = (Wy tor = Whinon-c) * 6,38] where wy ., is total nitrogen content, wy ,,,.p is non-
protein nitrogen content and wy o, ¢ is non-casein nitrogen content.
b Limit for Cy .
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Table B.2 (continued)

Measurand Criteria limits
Fat |Protein?| Lactose Urea Freezing | pH SCC
(units) g/100g | g/100g | g/100g | mg/100 g point x 1000
m °C cells/ml
Average reproducibility, R;
(FT instrument) e 0,06 0,06 0,06
Relative standard deviation of
reproducibility intra, Sg;p1q %
Spintra  — [Athete 594
SRintra — Low (L) %
SRintra — Medium (M) 5 %
SRintra — High (H) 4%
Calibration
Mean bias, § +0,10 | 0,05 | +0,05 +1,2
Relative megn bias, (161 +1,25 +1,5 +5 %
Slope, b 1+005|{1+005|1+0,10 | 1+0,10 1+0,0p
Accuragy,
Comparison of alternative against reference method
Individual animal milk samples
Standard dejviation, Oy 0,06 0,06 0,06 6
Relative stahdard deviation 10 %
of o,y
Nl_lmber of individual animal 100 100 100 100 100
milk samples, N,
Herd bulk milk samples
Standard dejviation, Oyy 0,05 0,05 0,05 4
Relative stapdard deviation 10 %
of o,y
Number of Herds, N} ; 5 5 5 5 5
Number of Herd bulk milk €0 60 60 60 60
samples

a  The sam

WN,I’IOI.]-P) x 6'
protein nitro

b Limit for

CH/L'

e criteria limits for protein apply to crude protein, CP (wgp = wy o * 6,38), true protein, TP [wp = (Wy 1ot -
B8] and casein, Cas/[wc,s = (Wy tot = WNnon-c) X 6,38] where wy ., is total nitrogen content, wy , ..p is[non-
ben content andWwy ,..c is non-casein nitrogen content.
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Table B.3 — Limits for milk with medium fat and protein content in case of comparison against
a former validated instrument with same analytical principle and only minor technical changes

(FT instrument)

Measurand Criteria limits
Fat |Protein?| Lactose Urea Freezing | pH SCC
(units) g/100g | g/100g | g/100g | mg/100 g point x 1000
m°C cells/ml
Range, ALrange — Whole 2,0 to 2,5to 4,0 to 10,0 to 480to53 |6to 75| 0to2000
— Low (L) 6,0 45 55 70,0 0to 100
— Medium (M) 100to 1 000
— High (H) >1000
Carily-over ratio limit, L, 1 1 1 2b
Seqyence number, N, 20 20 20 20 20
Minjmum range, AL, 4 3 1,5 45 500
Lindarity: ratio limit, Ae/AL 0,01 0,01 0,01 0,02 0,02
Replicate number for linearity, 6 6 6 6 8
Ny,
Maxiimum range, AL 4 4 4 100 2000
Repéatability
Avetage standard deviation of
repdatability, s,. (filter 0,014 0,014 0,014
instrument)
Average standard deviation of
repdatability, s, (FT instrument) 0,008 0,008 9:008 L4 L1 0,02
Average repeatability, r
(filtgr instrument) 0,04 0,04 0,04
Aveyage repeatability, r 002 | 002 | 002 3,92 3,08 | 0,056
(FT jnstrument) ’ ’ ’ ’ ’ ’
Relative standard deviation of
repdatability, s,, %
s, | — Whole 4%
s, | — Low (L) 6 %
s, | —Medium (M) 4%
s, |—High (H) 3%
Intralaboratory reproducibility
Avetage standard.deviation, 002 002 002
SRintha (filter idstrument) ’ ’ ’
Avetage standard deviation, 0014 0014 0014 18 0025
Sgintha (FT Instrument) ’ ’ ’ ’ ’
Avel age rpprndn(‘ihilifv I?imm
(filter instrument) oo R oo
Average reproducibility, R;., 0,04 0,04 0,04 5,04 0,070

Relative standard deviation of
reproducibility intra, Sg;,¢ a0 %

b Limit for Ciy1e

a  Same criteria limits for protein apply to crude protein, CP (W¢p = Wy (¢ * 6,38), true protein, TP [wp = Wy or —
W non-p) X 6,38] and casein, Cas [Wcas = (W tor = Wi non-c) * 6,38] where wy o is total nitrogen content, wy ,o,.p is non-
protein nitrogen content and wy o, ¢ is non-casein nitrogen content.
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Table B.3 (continued)

Measurand Criteria limits
Fat |Protein?| Lactose Urea Freezing | pH SCC
(units) g/100g | g/100g | g/100g | mg/100g | point x 1000
m°C cells/ml
Spintra — Whole 5%
Spintra — Low (L) 7%
Spintra — Medium (M) 5%
Spintra__— High (H) 4%
Calibration
Mean bias, d +0,05 +0,05 +0,05 +1,2
Relative megqin bias, C_Irel 5%
Slope, b 1+0,05|1+005(1+0,10| 1+0,10 1+0,0p
Accuracy

Comparison between two different instfument models

Individual animal milk samples

Standard dejviation, Oy 0,04 0,04 0,04 6
Relative staphdard deviation 8%
of o,y
Nl_lmber of individual animal 100 100 100 100 100
milk samples, N,

Herd'bulk milk samples
Standard deviation, Oy 0,03 0,03 0,03 4
Relative stapdard deviation 8%
of o,y
Number of Herds, N} ; 5 5 5 5 5
Number of Herd bulk milk 60 6 60 60 60
samples

3 Same criferia limits for protein apply to crude protein, CP (wgcp = wy ¢ x 6,38), true protein, TP [wyp = (Wy¢or -
WN,noq-P) x 6,88] and casein, Cas [Wca.S = Wietot - WN,non-C) x 6,38] where wy , is total nitrogen content, wy ,,,.p is[non-
protein nitrogen content and wy ,,,.¢c isnon‘casein nitrogen content.

b Limit for|Cy .
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Annex C

(informative)

Calculation examples

ISO 8196-3:2022(E)

IDF 128-3:2022(E)

C.1 _Assessment of preliminary instrumental fittings
C.1.1 Reproducibility intralaboratory executed during the same working day

Datd from fat analysed by infrared spectroscopy (see ISO 9622 | IDF 141) are listed’in Table

Table C.1 — Standard deviation of reproducibility intralaboratory

C.1.

(heck

Replicate
results

X

Sum

Mean

xu

Mean bias

d

Test
number

n

Sum of
squares

S

Variance

%4

Standard
deviation

Sri

4,00
4,03
4,01

12,04

4,013

0,008

0,000 467

0,000 233

0,015

4,02
4,03
4,02

12,07

4,023

0,018

0,000 067

0,000 033

0,006

4,01
4,00
4,00

12,01

4,003

-0,002

0,000 067

0,000 033

0,006

3,99
4,00
4,02

12,01

4,003

-0,002

0,000 467

0,000 233

0,015

3,99
4,01
401

12,01

4,003

-0,002

0,000 267

0,000 133

0,012

3,97
3,99
4,00

11,96

3,987

-0,018

0,000 467

0,000 233

0,015

401

4,00
3,98

11,99

3,997

-0,008

0,000 467

0,000 233

0,015

4,02
4,02
3,99

12,03

4,010

0,005

0,000 600

0,000 300

0,017

4,01
4,00
4,03

12,04

4,013

0,008

0,000 467

0,000 233

0,015
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Table C.1 (continued)

Check Replicate Sum Mean Mean bias Test Sum of Variance Star_ldqrd
results number | squares deviation
q X xXu d n S 4 Spi
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 4-6685 4-065 8,006 8-6600-13016,666186 0-643
Standard 0,0105 | 0,010
eviation

Check on thle homogeneity of variances using the Cochran test, as shown by Formulae (€.1)}and (C.2):

Leoen (1=0,95;2;10)=0,445

%

max

Ieoen =15, < Locn
1

Itoch =1

0,000 30

=0,1666
0,001 80

0,166 6 < 0,445

L= \/Zloch 2‘/1

L, =+/0]445x0,001 80
L;=0,028 3
where
Icoen 1% the Cochran index;
Lcoen, 1$ the Cochran limite
L i$ the standard<deéviation limit;
Sobs,; dre the standard deviation values observed;
Viax 1% the lraximum variance;
YV. isthe sum of variances

1

(C.1)

C.2)

As all observed standard deviation values are below the limit for the standard deviation, this implies
that variance homogeneity is confirmed.

Standard deviation of intralaboratory reproducibility, as shown by Formula (C.3):

SRintra

SRintra

24

= s% +sf (1—%)

:\/0,010 52 +0,013 42 [1—%)

(C.3)
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SRintra — 0,015 < 0,028

This implies that intralaboratory reproducibility complies with the stated limit in Table B.1.
Standard deviation between checks, as shown by Formula (C.4):

se=(s2 = sp /m'/? €4

2
s.=,/0,010 5% — 0,013 4~
|

4.=0,007

Repe¢atability, as shown by Formula (C.5):

<[ s27q] ©5)
0,001 80
TR ) Shdhaatiind
10

[

+.=0,013<0,014

This[implies that repeatability complies with the stated limit in Table B.1.

Table C.2 — Instrument stability check and F test

Degrees Sum of Mean Standard
Source of | of freedom | )squares square | deviation F
variation
1% S S/v 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

Becguse F,s = 1,82 is-smaller than F g5 = 2,39, it can be concluded that stability is assessed positively:
no significant shiftofinstrument response observed.

Another concluSion is that, as the residual standard deviation, at 0,013, is smaller than 0,014 [instrument
fundtioning is.assessed positively: no abnormal individual fluctuation.

C.1.2 -~ Carry-over effect

As an example, carry-over effect data from fat analysed by infrared spectroscopy (see IS0 9622 | IDF 141)
are listed in Table C.3.
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Table C.3 — Carry-over effect

Concentrations Differences
Sequence number
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 0,020
3 0,00 -0,02 3,97 3,99 0,020 0,020
4 -0,01 -0,02 3,97 3,98 0,010 0,010
5 -0,01 -0,02 3,96 3,98 0,010 0,020
6 0,01 0,00 3,98 2,00 0,010 0,020
7 0,00 -0,02 3,99 4,01 0,020 0,020
8 0,01 -0,01 3,97 3,99 0,020 0,020
9 -0,01 -0,02 3,98 3,99 0,010 0,0]10
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
Stapdard deviation 0,009 0,007 0,010 0,011 0,005 0,005
Number, N 10 10 10 10 10 10,
Student, t — — — — 9,00 9,80
Minimum -0,01 -0,02 3,96 3,98 0,01 0,01
Maximum 0,01 0,00 3,99 4,01 0,02 0,02
Al= max. - min. 0,02 0,02 0,03 0,03 0,01 0,01
Mean bias q;; and dy, are significant according to the Student t-test, ¢ 975 = 2,26.

Table C.4 — Carry oyver confidence limit

Confidence-limit .
Value Conclusion
Lower NUpper
CL/H = 0,40 0,31 0,49 |CORlower than 1 % = conformity
CH/L = 0,37 0,28 0,47 |COR lower than 1 % = conformity

C.1.3 Assessment of linearity

C.1.3.1 Aj§ a first example, linearity data from fat analysed by infrared spectroscopy |(see
ISO 9622 | IDF 141) are listéd in Table C.5.
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Table C.5 — Linearity — Test sample set with progressive dilution of 10 % fat milk by skim milk

Ony
0,01

A se
mea

Dilution Replicates
Mean concen- | Mean |Standard
mass per tration residual | deviation
Level number volume 1 2 3
x% y e s,
1 15,500 1,540 1,520 1,530 1,530 -0,023 0,010
2 20,350 2,020 2,020 2,020 2,020 -0,013 0,000
3 25,640 2,550 2,560 2,550 2,553 -0,003 0,006
4 3+486 3166 6 3326 36 0,065 8010
5 34,800 3,490 3,480 3,490 3,487 0,024 0p06
6 39,800 3,970 3,990 4,000 3,987 0,029 0,p15
7 45,150 4,500 4,500 4,510 4,503 0,016 0,006
8 50,500 5,020 5,020 5,010 5,017 0,000 0,p06
9 56,650 5,610 5,630 5,620 5,620 -0,006 0,p10
10 61,950 6,110 6,130 6,120 6,120 -0,030 0,010
Number, N 10 10 10 10 10 10
Mean 38,1520 3,791 0 3,796 0 | 3,7970 3,794 7 -0,0001| 0,0088
3ta‘?da.rd 154887 | 1,5291 | 1,5375 | 1,5328¢) 1,533 2 0,019 3
eviation
Minimum 15,5000 1,540 1,520 1,530 1,5300 -0,0300
Maximum 61,9500 6,110 6,130 6,120 6,120 0 0,029 0
& i:nmax' - 46,4500 | 4,570 4,610% 4,590 4,590 0 0,059 0
Slope 0,099 0
Bias 0,018 5
N replicates 30
N mean 10
Standard de-
viation of level| 0,013 0
biases (5})
erforming a statistical test to evaluate the Ae/AL ratio, a Ae of 0,059 and AL of 4,590 givye a value of
B. As this is greater than 0,01, this implies that linearity is inadequate.
ond statistical test to evaluate bias from the linearity test using the standard deviation of residual
s was performed. The value of F, , given by Formula (C.6):
2 2 2 2 2
Fobs :(Sr +nSL)/5r =ns; /sy (C.6)
should be lower than Fj, g5 = 2,45 with k; = g - 2 and k, = q(n - 1) degrees of freedom.
With k; =8 and k, = 20, F, = 16,17 > Fpos = 2,45, which implies that linearity is inadequate.
See Figures C.1 and C.2.
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gure C.1 — Linearity assessment — Instrumental responseagainst dilution
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Figure.C.2 — Linearity assessment — Mean residuals against dilution

C.2 Assessment of the overall accuracy

Table C.6 contains an example of fat analysed by infrared spectroscopy (see ISO 9622 | IDF 141) using a
set of individual milk samples.

28

© ISO and IDF 2022 - All rights reserved


https://standardsiso.com/api/?name=86ebba2db0d582890187573317485198

ISO 8196-3:2022(E)
IDF 128-3:2022(E)

Table C.6 — Example of fat analyses

Repeatabil-

Instrumental method . Accuracy
Refer- ity
Sample num- ence Cor-
ber method Test1 Test 2 Mean rected Range Bias Residual
results
y Xy Xp X y() W=IX-X| | d=x-y |e=y-y(x)
1 1,89 1,92 1,94 19300 1,896 4 0,02 0,040 -0,006 4
2 1,98 2,05 2,06 2,055 0 2,0253 0,01 0,075 -0,0453
3 2,48 2,55 2,56 2,555 0 2,540 8 0,01 0,075 -0,060 8
4 2,66 2,56 2,56 2,560 0 2,546 0 0,00 -0;100 0,114 0
5 3,1 3,16 3,13 3,145 0 3,149 1 0,03 0,045 -0,049 1
6 3,23 3,2 3,22 3,2100 3,216 2 0,02 -0,020 0,013 8
7 3,37 3,31 3,34 3,3250 3,3347 0,03 -0,045 0,0353
8 3,57 3,51 3,5 3,5050 3,520 3 0,01 -0,065 0,049 7
9 3,53 3,51 3,5 3,5050 3,520 3 0,01 -0,025 0,009 7
10 3,52 3,57 3,57 3,570 0 3,587 3 0,00 0,050 -0,067 3
11 4,02 4 4,01 4,0050 4,0359 0,01 -0,015 -0,0159
12 4,15 4,05 4,09 4,070 0 41029 0,04 -0,080 0,047 1
13 4,59 4,52 4,51 4,515 0 4,561 7 0,01 -0,075 0,028 3
14 4,61 4,59 4,57 4,580 0 4,628 7 0,02 -0,030 -0,018 7
15 51 5,06 5,06 5,060:0 51236 0,00 -0,040 -0,023 6
16 5,23 5,18 5,19 5,185 0 5,252 5 0,01 -0,045 -0,0225
17 5,49 5,44 5,44 5,440 0 5,515 4 0,00 -0,050 -0,025 4
18 5,61 5,48 5,47 5,475 0 5,5515 0,01 -0,135 0,058 5
19 5,8 5,74 5776 5,750 0 5,8350 0,02 -0,050 -0,0350
20 5,89 5,8 5,78 5,790 0 5,876 3 0,02 -0,100 0,0137
e E’:’FN 20 26 20 20 20 20 20 20
Meah 39910 3,960 0 3,963 0 3,961 5 39910 0,014 0 -0,029 5(| 0,0000
3‘;‘/‘::32‘31 1,2600-] 1,2232 | 1,2193 | 1,2212 | 1,2591 0,011 0 0,0595 || 0,0458
Minjmum 1,89 1,92 1,94 19300 1,896 4 0,0000 -0,1350(| -0,067 3
Maximum 5,89 5,80 5,78 5,790 0 5,876 3 0,0400 0,075 0 0,114 0
A = ax. — min: 4,00 3,88 3,84 3,860 0 3,979 9 0,0400 0,2100 0,181 4
Slopje intercept _16?0391315

In conclusion, instrument accuracy conforms to limits defined for the component analysed and the
type of milk fat in individual cow milk, by reference to the protocol and to Clause B.1, thus is assessed
positively. The mean intercept 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.3 and C.4.
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