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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee has
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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
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Introduc

tion

The main purpose of this part of ISO 8196|IDF 128 is to provide definitions of the relevant performance
characteristics for quantitatively evaluating the overall accuracy of an analytical method, through the
application of proper experimental designs and recommended statistical procedures.

Performancel characteristics of an analytical method can be defined as a set of quantitative and experime
alues, or criteria, of fundamental importance in assessing the suitability of a method forany given
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INTERNATIONAL STANDARD

ISO 8196-1:2009(E)
IDF 128-1:2009(E)

Milk — Definition and evaluation of the overall accuracy
of alternative methods of milk analysis —

Part 1:

Analytical attributes of alternative methods

1 Scope

This|part of ISO 8196|IDF 128 specifies various performance characteristics that constitute g
characterize the overall accuracy of an analytical method. It furthermore-gstablishes general prin
design of experiments and gives guidelines for the procedures to bé used to evaluate these ch
quarititatively.

2 Normative references

The
refer]
docu
ISO

ISO

3

For the purposes of this part of ISO 8196|IDF 128, the terms and definitions given in ISO 3534 (2

ISO

3.1

3.1.1
true

ences, only the edition cited applies. For :undated references, the latest edition of theg
ment (including any amendments) applies.

B534 (all parts), Statistics — Vocabularjand symbols

725 (all parts), Accuracy (trueness and precision) of measurement methods and results

Terms and definitions

5725-1 apply, together with the following.

General'terms and definitions

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

nd serve to
Ciples for the
aracteristics

For dated
referenced

Il parts) and

quantity value

true

value Ol a quantity

true value
quantity value consistent with the definition of a quantity

NOTE 1

In the Error Approach to describing measurement, a true quantity value is considered unique and, in practice,

unknowable. The Uncertainty Approach is to recognize that, owing to the inherently incomplete amount of detail in the
definition of a quantity, there is not a single true quantity value but rather a set of true quantity values consistent with the
definition. However, this set of values is, in principle and in practice, unknowable. Other approaches dispense altogether
with the concept of true quantity value and rely on the concept of metrological compatibility of measurement results for
assessing their validity.

NOTE 2

© I1SO and IDF 2009 — All rights reserved
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NOTE 3  When the definitional uncertainty associated with the measurand is considered to be negligible compared to
the other components of the measurement uncertainty, the measurand may be considered to have an “essentially unique”
true quantity value. This is the approach taken by ISO/IEC Guide 98-3:200813] and associated documents, where the word
“true” is considered to be redundant.

[ISO/IEC Guide 99:2007[4], 2.11]

3.1.2

reference method

anchor method

method of analysis internationally recognized by experts or by agreement between the parfies

NOTE 1  AHapted from ISO 21187|IDF 196:2004[1], 3.2.
NOTE 2  A|reference method gives the “true value” or “assigned value” of the quantity of the measurand.

3.1.3
alternative method

routine method

method of apalysis allowing quantification of the status of a test sample

NOTE 1  AHapted from ISO 21187|IDF 196:2004[1], 3.1.

NOTE 2  Ap alternative method demonstrates or estimates, for a given category of products, the same measurapd as
determined uging the corresponding reference method (3.1.2).

NOTE 3  The alternative method can be either an indirect method £ iv€. one not measuring directly the componégnt or
the characteristic that it is intended to quantify, but instead one or\more quantities or properties which are functipnally
linked to thal component — or a direct method. It can have. specific adaptations for user convenience (e.g. speed,
automation, riniaturization, cost) that can introduce deviation-into the analytical process (e.g. incomplete compongnt or
characteristicmeasurement) and thus prevent direct estimation and give different accuracy.

3.2 Termsp and definitions on precision

3.21
precision
closeness of agreement between indeépendent test/measurement results obtained under stipulated conditions

[ISO 3534-2{2006, 3.3.4]

3.2.2
repeatability limit
r
value less than or_équal to which the absolute difference between two final values, each of them represepting
a series of test results or measurement results obtained with the same method on identical test/measurement
items in the| Same test or measuring facility by the same operator using the same equipment within short
intervals of time, IS expected 1o be for a specitied probability of 95 %

NOTE Adapted from ISO 3534-2:2006, 3.3.6, 3.3.8, 3.3.9.

3.23

reproducibility limit

R

value less than or equal to which the absolute difference between two final values, each of them representing
a series of test results or measurement results obtained with the same method on identical test/measurement
items in different test or measuring facilities with different operators using different equipment, is expected to
be for a specified probability of 95 %

NOTE Adapted from ISO 3534-2:2006, 3.3.11, 3.3.13, 3.3.14.

2 © 1SO and IDF 2009 — All rights reserved
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Terms and definitions on accuracy

The terms and definitions on accuracy apply specifically to indirect alternative methods for the purpose of this
part of ISO 8196]|IDF 128.

3.3.1

accuracy
closeness of agreement between a test result or measurement result and the true value (3.1.1)

on of random

lue and the

NOTE 1 In practice, the accepted reference value is substituted for the true value.

NOTE 2 The term accuracy, when applied to a set of test or measurement results, involves a combinat
comgonents and a common systematic error or bias component.

NOTE 3  Accuracy refers to a combination of trueness (3.3.2) and precision (3.2.1).

[1ISO|3534-2:2006, 3.3.1]

3.3.2

trueness

closgness of agreement between the expectation of a test result or a measurement result and a true value
(3.1.H

NOTE 1 The measure of trueness is usually expressed in terms of.hias.

NOTE 2  Trueness is sometimes referred to as “accuracy of theemean”. This usage is not recommended.
NOTE 3 In practice, the accepted reference value is substituted for the true value.

[1ISO|3534-2:2006, 3.3.3]

3.3.3

exadtness of calibration

closgness of agreement, at each level”of the measurand, between an alternative method vg
estimated average true value for all'individual samples at the corresponding level

3.34

accyracy of estimate

closgness of agreement between the average test result obtained by the reference method and g

meth

NOT

3.4

od on identical materials, provided that the calibration of the alternative method is exact

E Accuragey-of estimate measures the part of the systematic error not due to error in calibration.

Other-analytical characteristics

3.4.

n alternative

selectivity
property of a method to respond exclusively to the characteristic or analyte to be measured, or degree to
which a method can quantify that characteristic or analyte accurately in the presence of interferents

NOTE

to trueness.

3.4.2
sensitivity

smal

lest change in concentration which can be measured by an analytical procedure

© I1SO and IDF 2009 — All rights reserved
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NOTE

Sensitivity is calculated as the ratio of the variation of the method response to the variation of analyte

concentration. As this is usually arbitrary, depending on instrumental settings, it is not useful in validation. However, it may
be useful in quality assurance procedures to test whether an instrument is performing to a consistent and satisfactory

standard.

3.4.3

limit of detection

LOD

minimum amount or concentration of the analyte in a test sample which can be detected reliably but not
necessarily quantified, as demonstrated by a collaborative trial or other appropriate validation

[ISO 24276:

NOTE F
detector and {

344
limit of dete
limit of qua
LOQ

(analytical
quantitativel
collaborative

[ISO 24276:

4 Explal

4.1 Accu

The concepf
the referenc

The accurad
the error ass

When a sin

P006(2], 3.1.6]

Dr instrumental methods, sensitivity and limit of detection are usually determined by the sensitivity
he signal/noise ratio.

rmination

htitation

rocedure) lowest concentration or amount of the analyte in a-test sample which ca
determined with an acceptable level of precision and accuracy, as demonstrated
trial or other appropriate validation

P00612], 3.1.7]

nation of the definitions

racy — General description

applies mainly to the test result of an.alternative method calibrated against the accepted val
b method or standard material, or when the true value of the component concentration is knoy

y is an index indicating a value of the amount of errors involved, and is ordinarily expresse
ociated with the method Used and calculated under appropriate conditions.

f the

N be
by a

e of
Vn.

d as

hle quantitative measurement, x;, of a specific measurand (or variable) is made with a given

od is

f the

method of aphalysis, that meaSurement is always an estimate of its true value, u. The error of the meth
given by the|difference, x; =‘u) The accuracy is best when the difference, x; — u is the smallest.

Basically, tHe aforemeéntioned difference depends on the following major analytical characteristics o
method:

a) precisiop;

b) trueness;

c) selectivity;

d) sensitivity;

e) limit of detection and limit of determination.

Only the precision and the trueness are considered in this part of ISO 8196|IDF 128.

4 © 1SO and IDF 2009 — All rights reserved
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Precision

4.2.1 General description

Precision is a general characteristic applicable to all analytical methods. Basically, it covers all types of
fortuitous and random errors which cannot be completely avoided and whose main characteristics vary from
one test to another (volume delivered by a pipette, environmental conditions, stability of an instrument,
electronic noise, etc.). Mistakes, such as misreading or operational failings or, more generally, any value
found as outlier with the appropriate tests but worth considering, are not included in precision data.

Obvi
repe
cond

In on
prec
cong
Rest
calcl
prac

In pr

a)

eivable, e.g. day-to-day variations, between-instrument or operator variationgywithin the sam

suspect if they differ by more than the repeatability limit, 7

wo single test results obtained by two laboratories under reproducibility conditions should bg
suspect if they differ by more than the reproducibility limit, R.

Mathematical expressions
ed from the analysis of variance (ANOVA) for data obtained through an interlaboratory trial (
htability and reproducibility of a method are expressed for a given range of concentrations o
he standard deviation of tepeatability, o,
he standard deviation)of reproducibility, op.

pf the coefficient.of variation, Cy, expressed as a percentage, and given by

(e
C,, ==>%100
"

wher

pusly, the variability between test results is small when tests are performed within a laboratory under
htability conditions. It is larger when tests are performed by different laboratories under, r¢producibility
itions. The latter may be expressed as interlaboratory reproducibility, when only variability is ¢onsidered.

der to give quantitative measures of the variability between results under theseAwo extrenie situations,
sion is expressed in terms of repeatability and reproducibility. Many intermediate copditions are

laboratory.

Its obtained using different operators and different equipment within the)same facility carl be used to
late intra-laboratory reproducibility. Repeatability and reproducibility ttave been found to deal with most
ical cases.

hctice:

wo single test results obtained within a laboratory under:repeatability conditions should be

b considered

b considered

see 5.2), the
f the analyte

(1)

<

o is the standard deviation;

M is the mean;

is only recommended whenever the standard deviation varies proportionally with the level of the measurand.

© I1SO and IDF 2009 — All rights reserved
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4.3 Trueness

4.3.1 General description

Trueness refers to that portion of the overall error associated with a method at a particular level of the
measurand that is not due to the random error of measurement, but is attributable to known or unknown
factors which prevent the measurement from reaching the true value.

Sources of the total systematic error or bias for alternative methods, and especially for instrumental methods
for milk analysis, may arise from systematic errors in calibration and variation in the physicochemical form of
the measurgd component, or from the influence of interfering factors. This latter source of error is called the
“matrix effegt”

Therefore, according to the origin of the error and the ability to eliminate the source of the errortby-adjustment
of the calibration, the trueness is split into two components: exactness of calibration and accuracy of estimate
or “accuracy’. The split into components serves two useful purposes: a) to enable a yalid comparis¢n of
alternative npethods, and b) to give a precise figure for the analytical performance requirements of instrunents,
and especially for the tolerances against the reference method.

When the adjustment of the calibration is the full responsibility of the operator and, therefore, can be optinmized,
the exactnegs of calibration is not considered as a performance characteristi¢ of'an alternative method.

However, under practical conditions, it is important to know exactly the actual trueness of the method, i.g. the
extent of the average bias and the degree of uncertainty of individual results, whatever the origin of the
systematic ¢rror may be. An example of the calculation and the~evaluation of precision and accdyracy
parameters Is presented in ISO 8196-2|IDF 128-2.

4.3.2 MathHematical expressions

The trueness is calculated from the algebraic differénees, d;, between the measured and true values ffor a
population of samples, and is usually expressed by:

a) the megn of differences or bias, d;

b) the starjdard deviation of differences,/ o,

¥;» and thgt of the alternative® method results, x;, is linear, the actual calibration of an instrument is
considered exact if the slope, b, of the linear regression equation, y, =5 Xx; + a, is equal to 1,000 and the
intercept, a, lequal to zero¥In practice, the slope should not differ statistically from 1,000, nor the mean qf the
instrumentalf values, x;\from the mean of the reference values, y (mean of the differences, 4, =x; -y, not

different from zero):

Exactness of calibration: assuming that the relationship between the average of the reference method v%:ues,

The accurady®f an alternative method is given by the critical values or tolerance limits within which thg true

| H t' ool t IH H N + balalit la +lo 1+ FH o ool o e Ll ool
value Is eslimateatotHewitna YIveIT prouduimty Wit e anCiimiauve TITCUTUU TS TAALly LaituTatcu.

Accuracy is expressed by the residual standard deviation, s, of the differences between the true value, y;,
and the estimated mean reference value, 7, obtained from the regression of the actual calibration function
(see Figure A.1). It reflects, in a mathematical expression, the selectivity and the specificity of the method in
predicting the true values of the component to be measured.

In practice, for any individual sample, the mean of test result values, x;, given by an alternative method

exactly calibrated, should be considered suspect if the difference between x; and the mean of the reference
value y; is outside the statistical tolerance limits.

6 © I1SO and IDF 2009 — All rights reserved
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5 Assessment of precision and accuracy

5.1 General

It should be borne in mind that both alternative and reference methods have to be standardized.

At the least,

very accurate detailed procedures of the methods shall be available before undertaking an overall accuracy

evaluation.

5.2 Precision: Interlaboratory trial

5.2.1 General

For details concerning the organization and the statistical analysis, see ISO 5725-1 and }SO’5725
In order to determine the precision (repeatability and reproducibility) of a test methaed, an interla
or collaborative study is organized in which test portions of a certain number ®f test samples
normal range of variation of the measurand are analysed in replicate by sevgral laboratories usi
stanglard method. Variation of results, both within and between laboratories, enables the pre
method to be estimated.

5.2.4 Experimental design
5.2.21 Preparation and performance of such a trial should*be conducted under precise cond
summarized in 5.2.2.2 10 5.2.2.6.

5.2.2

.2 The number of participating laboratories should be as large as possible (np > 8). In
high

cost instrumental methods, it may be difficult tafind equipment in numerous laboratories.

3 The method should have been standardized or at least adequate instructions shoul

Assessing the reproducibility of an instrumental method implies that instruments a
calibrated; otherwise reproducibility:reflects the variations in calibration rather than the real repr|
the instrument. One major source of difference between calibrations is the lack of uniformity o
obtajned with the reference method.

To overcome that difficuftyyand to obtain a valid estimate of reproducibility, the laboratory respor
collaporative study should distribute standard materials (e.g. milk samples) to each of the
laboratories for calibration of the different instruments.

5.2.2.5 Milk 'samples should be as homogeneous as possible and no physical or chemical ¢
samples should occur before analysis.

2.

boratory trial
covering the
ng the same
Cision of the

tions, briefly

ractice, with

i have been

e identically
pducibility of
test results

sible for the
participating

hange in the

5.2.2.6 Laboratories should perform at least duplicate tests under repeatability conditions.

5.2.3 Statistical analysis
The fullest possible ANOVA model is given in this subclause.
Such a model is suitable provided it fulfils the following requirements.

1)

Within-laboratory (error) variances are homogeneous and there is no outlier result [see
for specific statistical tests].

2)
level or make an appropriate data transformation.
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3) The laboratory bias may vary by level, leading to a significant interaction (laboratory x level) effect.

4) Laboratories involved are considered as a random selection of the total laboratory population. That
variable is assumed to be normally distributed with a variance, af. It is called the between-
laboratory variance, and includes the random and systematic differences between laboratories.
These systematic differences, which are unavoidable, should be small.

5) The component levels are also considered as a random selection of the total population of sample
levels with a variance, as This variance does not enter into the calculation of precision data.

Under the dforem
allows the ¢alculation of the variance of repeatablhty,

r, and the variance of reproducibility, O'R (see

Table 1).
Table 1 — ANOVA of precision data
Sourge Sum of Degrees M Expected
of varigtion squares of freedom ean square mean square
Sample (Jevel)2 S =g —1 Ss =SJ(g-1) 52+ nsPs + nps3
Labordtory S, w=p-1 SL =5S/(p=<A) 52+ nsPs + ngsp
Laboratory k sample Sis e=@ -1 -1 Sts =S Lg<1)(p-1) 52+ nsfy
Errdr Se Ve =pg (n—1) Se =S./pg (n 1) 52
@  Samples fepresenting ¢ different levels are sent to p laboratories which pétferm # replicate tests at each level.

From Table [l can be derived:
a) srz, sing¢e the estimate, sf,, of the variance of\error, ag, is an unbiased estimate of 0,2;

b) s,%, which is the sum of the variancebetween Iaboratones s|_, the variance of interaction laboratpry x
sample, sfs, and the variance of repeatability, s

That leads t¢:

s}zg = SE + SES + s,2 (2)

s_ representsithe standard deviation of laboratory systematic errors (mean biases);

sLs représents the part of the error related to levels (slope, deviation from linearity).

Information on the level standard deviation is given by s..

Finally, = 2,83s,. and R = 2,835, are the quantitative expressions of the repeatability and the reproducibility
limits of the method.

For a simple case for repeatability: when a set of ¢ milk samples is analysed in duplicate by one laboratory, w
being the absolute difference between duplicates, the standard deviation of repeatability can be calculated
using:

] q 1/2
S, :{Z—quiZ] (3)

8 © I1SO and IDF 2009 — All rights reserved
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5.2.4 Peculiarities of instrumental milk analysis

The assumption that precision is identical over the whole range of variation of the milk components is usually
acceptable, but only within the normal range of concentration (e.g. for raw milk between 2,5 % mass fraction
and 5,0 % mass fraction fat). When considering a wider variation, it is possible either to use a logarithmic
transformation of data or to split the results into three or more levels and calculate the precision values for
each of the split levels. For most methods of analysis, the repeatability value is proportional to its levels and
can be expressed as a CV. Different figures are possible for the reproducibility value.

Routmely, milk samples are analysed once without rlnsmg between consecutive samples. Consequently, a

e extent of
contéamination, called the ‘carry-over effect”, is here conventlonally included in the repeatability |value of the
instriment, provided that this carry-over effect is acceptable.

NOTE Usually the carry-over effect is less than 1 % mass fraction.
5.3 | Accuracy

5.3.1 General

As ppinted out in 4.3.1, accuracy is the major component of the trueness) characterizing the impoftance of the
systeématic errors specific to an alternative method.

5.3.4 Experimental design

Evalpuation of method accuracy may be conducted sepatately by one or more laboratories hayving a good
knowledge of the reference method.

Prion to such evaluation, the repeatability, the linearity of the signal over the normal range of congcentration of
the gomponent, and all major instrumental parameters should be checked.

For purposes of the evaluation, it is not-essential to adjust very closely the intercept and $lope of the
instrtiment when it is known that a smalt-deviation in calibration does not affect the accuracy valud.

A set of samples (¢ > 40) covering.the normal range of variation of the component should be analysed at least
in duplicate by using the reference method and the alternative method.

5.3.3 Statistical analysis

5.3.3.1  Analysiscofvariance

A tofal of ¢ samples are analysed in replicate using the reference method, resulting in valueg y;, and the
alterpative method, resulting in values x;. The reference values obtained are considered here as the
depgndent-variables and the alternative method values as independent.

Accqrding to the equation

s2o=s2(1-r?) 4)
this method allows an estimate of the deviation from the regression, s, , not being dependent on the
exactness of the instrument calibration (i.e. not dependent on the variance of the x values). It expresses the
accuracy in the same unit as the reference method (e.g. in grams per 100 g of milk).

The ANOVA (Table 2) of the linear regression equation
y=bx+a (5)

calculated from the means of replicates of each sample, allows the variance from the regression, ayx, to be
estimated.

© I1SO and IDF 2009 — All rights reserved 9
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Table 2 — ANOVA of the regression of reference method versus alternative method results

Source of variation

Sum of squares

Degrees of freedom

Mean square

Expected
mean square

Linear regression

Deviation from regression

S)

Sy

S|

Syllg-2)

For each selected value x; of the alternative method, there is a corresponding normal distribution of reference

values, y,, with a mean equal to bx; +4, and a standard deviation, s,., which is an unbiased estimate of the

standard de

5332 A

According to

iation of accuracy.

ccuracy

the definition of accuracy, the value + 1,965yx is the quantitative expression forthe accuracy

alternative mpethod.

However, th
value with a
negligible, a
each level.

In the simpl
a=0), the s

e aforementioned statement is not fully correct since the regression coefficient is an estin
variance, oﬁ. Therefore, in order to simplify the expression for accuracy, of, is assumed
nd the 95 % confidence interval of individual estimated values of j{is assumed to be const3

P case, when the calibration is exact and the instrument\is' perfectly calibrated (5 = 1,000
andard deviation of the algebraic differences betweentinstrumental and reference results, s

Of an

ated
o be
nt at

and
dir 18

an estimate pf the standard deviation of accuracy.

At a differente of one degree of freedom, s is equal to the standard deviation from the regression, s,,,:

5.3.3.3  Cprrelation coefficient
Using the correlation coefficient between the reference and the alternative method results as a quantifative
expression of the accuracy of @n-alternative method can be misleading. That is because the correlgtion
coefficient igl closely related to’the variance of the dependent variable, y (the reference method).

Therefore, fer a given Six value, the larger the variance of y, the better the correlation coefficient:

2
S

rxzyz1— y2x (7)
S5

It is not recommended to use the correlation coefficient as a single statistical indicator for accuracy. The
standard deviation from regression, s,,, is more meaningful and a better estimate of accuracy than the
correlation coefficient, especially when that is 0,97 to 0,98 or higher. However, this latter parameter can be
used, along with the standard deviation from regression, provided that the range of concentration for the
measured component with which it is associated is clearly stated.

Otherwise, the correlation coefficient is relevant and may be used in quality assurance procedures as an

additional indicator to verify whether the calibration sample set characteristics, s,, and s,, provide sufficient
conditions for an appropriate estimation of the calibration line.
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