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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
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IDF (the International Dairy Federation) is a worldwide federation of the dairy sector with a National
Committee in every member country. Every National Committee has the right to be represented on the IDF
Standing Committees carrying out the technical work. IDF collaborates with ISO in the development of
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ISO 21543:2006(E)

INTERNATIONAL STANDARD IDF 201:2006(E)

Milk products — Guidelines for the application of near infrared
spectrometry

1 $cope
This [nternational Standard provides guidance on use of near infrared spectrometry in the) determ|nation of
— the total solids, fat and protein contents in cheese,
— the moisture, fat, protein and lactose contents in dried milk, dried whey and dried butter milk,|and

— the moisture, fat, non-fat solids and salt contents in butter.

2 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

21
near|infrared instrument
NIR instrument

proprietary apparatus which, when used under the conditions defined in this International Standard, estimates
the mass fractions of the substances specified in Clause 1

2.2
total[solids, moisture, non-fat solids, fat, protein, lactose and salt contents
masgq fraction of substances determined using the method specified in this International Standard

NOTEH These contents ‘afe expressed as mass fractions in percent.

3 Principle

The $ample,is pretreated to obtain a homogeneous test sample representing the chemical comppsition of the
sample-material. It is loaded into the sample holder of the NIR spectrometer. The absorbance at|wavelengths
in thg near infrared region is measured and the spectral data are transformed to constituent congentrations by
calibration models developed on representative samples from the population to be tested.

4 Reagents

Use only reagents of recognized analytical grade, unless otherwise specified, and distilled or demineralized
water or water of equivalent purity.

4.1 Ethanol, or other appropriate solvent or detergent mixture, for cleaning re-usable sample cups.

© ISO and IDF 2006 — All rights reserved 1
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5 Apparatus

5.1

Near-infrared (NIR) instrument, based on diffuse reflectance or transmittance measurement in the

whole near infrared wavelength region of 700 nm to 2 500 nm or segments of this or at selected wavelengths.

The optical operation principle may be dispersive (e.g. grating monochromators), interferometric or non-
thermal (e.g. light-emitting diodes, laser diodes and lasers). The instrument should be provided with a
diagnostic test system for testing photometric instrument noise, wavelength accuracy and wavelength
precision (for scanning spectrophotometers). The wavelength accuracy should be better than 0,5 nm and the

repeatability

The instrum
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composition
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respect to sig
a quartz wi
interacting sa
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5.2
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Changes in g

6 Calibration and initial validation
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spectral datq, which are mainly overtones and combination bands of fundamental vibrations in the

infrared regi
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int should be equipped with a sample holder, which allows measurement of a sufficiently

Grinding or grating device, appropriate for preparing the sample (€.9."a food processor for sem

standard deviation better than 0,02 nm.

e or surface to eliminate any significant influence of inhomogeneity derived from the\che
or physical properties of the test sample. The sample path length (sample, thicknes
measurements should be optimized according to the manufacturer's recommendations
nal intensity for obtaining linearity and maximum signal/noise ratio. In reflectancé measurer
ndow or other appropriate material to eliminate drying effects should ‘preferably cove
mple surface layer.

Cup (cuvette) may be re-usable or made of disposable material.

rinding or grating conditions may influence the NIR measurements.

lion of calibration samples
bnt should be calibrated before being used. Because of the complex nature of near inf

pn, the instrument should-be: calibrated using a series of natural samples (often at

bn. Developed calibration models are only valid for samples covered by the domain g
mples. The first'step in calibration development is therefore to define the application (e.g. s4
ncentration rangés). When calibration samples are selected, care should be taken to ensur
ors affecting the accuracy of calibration are covered within the limits of the defined applid
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The accuracy of calibration is influenced by the extent of variation in the sample material and the analyte
concentration range. A moderate variation is usually easier to fit than a large variation. If the required
accuracy cannot be obtained by a single calibration, then the application area should be split up into static or
dynamic sub-areas, each with an associated calibration, in order to fulfil the requirements. Dynamic sub-areas
are used in locally weighted regression algorithms where calibration samples close in spectral space to the
actual prediction sample are selected from a larger population to create a local calibration equation.

It is generally preferable that the whole calibration range be covered in a uniform way, with samples from low
to high concentrations of analytes. The sample spread should also be as uniform as possible with respect to
the other variables, including those mentioned above. Furthermore, the samples should be collected and
meas

ured-overacertainperiod-of timeto-ensure-inclusion-of time-dependent effects—This-design

will improve

the riiggedness and give a more even performance of the calibration over the entire analyte~goncentration
range.
Multiyariate methods [l [21 may be used as a tool in the selection of samples to ehsure a hpmogeneous

calibation set covering all variation in spectroscopic data induced by chemical, bioloégical and ph

witho
NIR s
for rg
princ
in the
to ob
base
seleg

6.2

Interr
meth
systel

ut duplication of samples with similar information. In practice, a larger sample population is
spectroscopy for collection of NIR data only. Then samples differing in spectral information
ference analyses. Identification of differing samples may be obtained ftof inspection of sca
pal component analysis (PCA) using, for example, the first three components. This may be
case of many samples. However, it is recommended always to perform a PCA and inspe
ain a visual overview of the sample set. More formal cluster analyses may be obtained usin
i on distance measurements [2. Further samples may be @dded over a period of time tg
ted samples using PCA space or distance measurement teridentify differing samples.

Reference analyses and NIR measurements

ationally accepted reference methods for the determination of analytes should be used. T
bd used for calibration should be in statistical control; i.e. the variability should consist ¢
m of random variations. To support assessment of outliers, it may be useful to perform replig

ysical factors
measured by
are selected
re plots from
ess practical
t score plots
g techniques
this pool of

he reference
f a constant
ate analyses

in independent series (different analysts, différent equipment, etc.).

All m
modq

bjor variations in NIR measuring conditions that may appear in practice should be built into the calibration

I. An important factor is sample.temperature.

ritical for the
arge enough

sampling procedure used and the sample size measured by NIR spectroscopy may be G
acy obtained [31. The test-sample volume or surface interacting in measurements should be
oid sample inhomegeneity having a significant influence. Reflectance measurement at higher
engths normally_+equires a larger sample surface than transmittance measurement at shorter
engths because the light penetration is much less. The optimal sample size should be det¢rmined from
iments where the prepared sample material (see 9.1) is measured repeatedly after repacking of the
le cup.

nts.

al care should be taken to avoid surface drying effects, particularly in reflectance measure

st sample in
order to eliminate effects related to sampling uncertainty. The NIR measurements and the initiation of
reference analyses should also be performed with a minimum time lag (preferably less than one day). It is
good practice to randomize the order in which the samples are presented for both the reference analysis and
NIR measurement.

6.3 Calibration

Because NIR instruments apply different calibration systems, no specific procedure can be given for
calibration. However, the person performing the calibration should be familiar with the statistical principles
behind the calibration algorithm used.
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The calibration may be performed using different techniques [e.g. multiple linear regression (MLR),
multivariate algorithms such as partial least-squares regression (PLS), locally weighted regression (LWR) or
artificial neural networks (ANN)]. The latter techniques are recommended if linearity problems between the
spectral response and the constituent occur. Typically at least 120 calibration samples are needed to obtain
rugged calibrations with MLR and PLS. When ANN are used for calibration, a substantially higher number of
samples is required to avoid over fitting of data because ANN are very flexible functions with many
parameters to be determined. Three different data sets are normally required for determining the architecture,
fitting the parameters and validating the network. The concept of LWR also requires a considerably larger
database from which local calibration samples can be selected.

Spectra shou > s ior-to-calibration-toremove-or reducs ighti effects
which are n n of light. Oft
correction (MSC) [4], standard normal variate (SNV) [3], de-trending [®] and first or second derivatives’2] The

used, an over-fitted solution may be obtained where much of the redundancy in the NIR data is modglled.
Both cases fan result in poor predictions on future samples. The optimmal number can be determingd by
plotting RMSECYV (see Clause 7) obtained from cross validation or RMSEP (see Clause 7) obtained frdgm an
independent|test set versus the number of variables or factors (Figure B.1). Typically RMSECV (RMSEP) is
large for small numbers of factors and decreases as the number incbeases, before it increases again whgn the
number becames too large. Generally, the best solution is the 6ne giving the lowest RMSECV (RMSEP) with
the fewest vgriables or factors.

The reference results should be plotted against predicted values obtained by cross validation. The plot should
be examined for outliers. The plot should also be.investigated for regions with different levels of predijction
accuracy, rapdom or systematic, which may indicate the need for more calibration samples or a segmeniation
of the calibration region.

6.4 Outlidrs in calibration

6.4.1 Gengdral

Outliers may be related to NIR data (x-outliers) or errors in reference data or samples with a different
relationship hetween reference data and NIR data (y-outliers).

6.4.2 x-out]iers

A homogenepus ealibration set of spectrally similar samples is required for a robust predictive model. This can
also form thé _basis of an outlier warning system. Any x-outliers should thus be removed before calibrition.
The projections of the five first PCA axes can be useful to reveal x-outliers either globally outside the
population or falling in a gap in the PCA space. A more formal identification of outliers may be performed
using, for example, the principle of Mahalanobis distance applied on PCA reduced data [7] or the so-called
leverage [8l.

Figure B.2 shows a case from practice without outliers. In Figure B.3, an x-outlier is present.

6.4.3 y-outliers
When a y-outlier is observed in the calibration set, the reference data should be checked for errors in sample

identification, reference analyses, computations, data transfer, etc. However, it may be difficult to relate
outliers to errors in reference analyses because the calibration step usually has to be performed at a later

4 © 1SO and IDF 2006 — All rights reserved


https://standardsiso.com/api/?name=3aa7ee8dd13c5a5af7233faab8c042c8

ISO 21543:2006(E)
IDF 201:2006(E)

stage than reference analyses, which may make it impossible to repeat analyses because of sample instability.
There is no correct way to treat y-outliers, but outliers should generally be removed if the difference between
NIR and reference results in cross validation exceeds three times the RMSECYV (see Clause 7).

It is important to note that the removal of outliers can influence the future prediction of similar samples.
Outliers should be removed as a batch before a new calibration model is created. The outlier removal step
should only be performed one or two times in order not to reduce the robustness of the calibration and
overestimate the accuracy. Care should be taken to preserve the optimum distribution of the calibration set
when outliers are removed.

Figur

6.4.4)| Combined x- and y-outliers

Samples which are both x- and y-outliers (influential outliers) have a very strong, effect on the regression
equafion and can be very harmful. Such outliers may give slope effects and increase the prgdiction error
considerably.

Figure B.2 shows a case from practice without outliers. In Figures B.5 and.B/6, a sample is pregent which is
both Bn x- and a y-outlier.

6.5 | Validation of calibration models

When calibration equations have been developed, they should be validated on an independent test set,
preferably sampled after the calibration period. The test, set should cover all variations in| the sample
population and should contain at least 25 samples. The. use of cross validation in the calibragion process,
wherg subsequent parts of the calibration set are reserved for validation, can give a good esfimate of the
unceftainty of the method when the calibration samples are properly selected.

Howgver, the potential risk is that cross validation may underestimate the ruggedness of the calibration and
the gredicted uncertainty because cross validation samples are taken from the pool of sampgles used for
calibfation.

The fesults obtained on the independent test set are plotted, reference against NIR and resiquals against
refergnce, to give a visual impression of the performance of the calibration. The SEP is calculated (see
Clauge 7) and the residual plot.of data corrected for mean systematic error (bias) is examined fof outliers; i.e.
samples with a residual exceeding 3 x SEP. If an outlier occurs and this cannot be classified ag an x-outlier
and fe-analysis of the sample by NIR and reference methods confirms the result, the outlier should not be
remojed.

In this case, the fuggedness of the calibration is not sufficient and the calibration set should be ejpanded. The
next ptep is taxfit NIR and reference data by linear regression (reference = b x NIR + a) to suppprt the visual
imprgssion:lf-the slope (b) is significantly different from 1, the calibration is skewed. Adjusting the slope of the
calibfation, is generally not recommended. If a re-investigation of the calibration does not dgtect outliers,
espe'l:ially influential outliers, it is preferable to expand the calibration set to include more sampleg. However, if
the slope is adjusted, the calibration should be tested on a new independent test set. The data are also
examined for a bias between the methods. An intercept (a) significantly different from 0 indicates that the
calibration is biased. A bias may be removed by adjusting the constant term in the calibration equation.
However, if the accuracy of the bias-adjusted calibration is significantly poorer than expected from cross
validation on the calibration set, i.e. SEP is significantly larger than RMSECV, the calibration set should be
expanded to include more samples. In all cases when a new calibration is developed on an expanded
calibration set, the validation process should be repeated on a new independent test set. If necessary,
expansion of the calibration set should be repeated until acceptable results are obtained on an independent
test set.

© ISO and IDF 2006 — All rights reserved 5
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6.6 Changes in measuring and instrument conditions

Unless additional validation is performed, a local validation of an NIR method stating the accuracy of the

method may generally not be considered valid if the test conditions are changed.

For example, the calibrations developed for a certain population of samples may not be valid for samples
outside this population, although the analyte concentration range is unchanged. A calibration developed on
cheeses from one dairy may not give the same accuracy on cheeses produced in another dairy if the

processing and ripening parameters are different.

Changes in tre-sampte-presentatior
the calibration set may also influence the analytical results.

Furthermore] calibrations developed on a certain instrument cannot always be transferred.directly
identical insfrument operating under the same principle. It may be necessary to performibias and

adjustments [to calibration equations. In some cases, it may even be necessary to standardize thj: two
e

instruments against each other by mathematical procedures before calibration equations’¢an be transfer
Standardizat|on procedures may be used to transfer calibrations between instruménts of different

provided thaf samples are measured in the same way (reflectance, transmittancé)’in similar cups anc
most of the ppectral region is common. Adding a few samples scanned with the ‘second instrument i
database can contribute to the transfer.

If the conditigns are changed, a supplementary validation should be performed.

The calibratipns should be checked whenever any major part of the‘instrument (optical system, detectof
been changdd or repaired.

6.7 Outlidr detection

Use of NIR methods is generally limited to samples.in the population covered by the calibration se
respect to semple material characteristics and analyte concentration. An outlier detection system s

ded in

0 an
5lope

d [

fypes
that
h the

) has

with
hould

accompany fhe NIR method to reduce the risk-of.unintentional use of NIR spectrometry on samples oltside

this populatipn. The system should be able to detect x-outliers and samples falling outside the concent
range. The principle of Mahalanobis distance.[”l applied to PCA-reduced data or “leverage” [8] may be us
the detectiop of x-outliers. If a sampléis detected as an outlier, the sample should be re-analysq
reference methods to obtain the final result.

7 Statistjcs for performance measurement

7.1 Standard errorof prediction (SEP) and bias

error of prediction (SEP), which expresses the accuracy of routine results corrected fq

ation
bd for
d by

r the

mean differgnce, between routine and reference methods (bias), can be calculated by using the foIITwing

equation:

1 2
SEP = [~ 72 (xi =¥~ B)
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where

(x; — ;) is the difference between results obtained by routine method (x;) and reference method (y;) on

sample i;

B is the bias, explained by the equation

SEP
expe
seen

To olptain realistic estimates of the accuracy, SEP should be calculated on samples outside the d

and t

7.2

Inste
squa

The
differ
overs
more
tendq

1 _ _
B:WZ(%"J’;’):X—)’

N Is the total number of samples in the test.
s equal to the standard deviation of predicted residuals. This term expresses the aceuracy

cted with the calibration equation when the bias is zero. Other symbols for this statistical
(e.g. s;in 1SO 8196-2| IDF 128-2).

he distribution of the analyte concentration range should be uniform.

Root mean square error of prediction (RMSEP)

ad of reporting SEP and bias in separate terms, they may<etincluded in a single term, tk
e error of prediction (RMSEP), defined as

RMSEP = /%Z(x,. —»)?

ence between the NIR method and thelreference method is not clearly systematic, th
stimate the possibility of improving theaccuracy using bias adjustment. In this case, the RM
realistic estimate of the prediction,capability of the calibration. When the bias is insignificant
towards SEP with increasing data-number.

relationship between SEP and RMSEP_iss RMSEP2~ SEPZ + B2 (from Reference [2]].

vhich can be
ferm may be

alibration set

e root mean

When the
e SEP may
SEP gives a
the RMSEP

To obtain realistic estimates of theyaccuracy, RMSEP should be calculated on samples outside the calibration

seta

7.3

The
crosg

The
redud

nd the distribution of the analyte concentration range should be uniform.

Root mean square error of cross validation (RMSECV)

bquation is the-same as for RMSEP (see 7.2). The difference is that the RMSECV is ca
validation.onthe calibration set and not on an independent test set.

SEP, \RMSEP and RMSECV also contain the measurement uncertainty of the referenc
e this to an insignificant level (less than 5 % relative), the imprecision of final reference resy

less

culated from

b results. To
Its should be

an one-third of the SEP

8 Sampling

A representative sample should have been sent to the laboratory. It should not have been damaged or
changed during transport or storage.

All laboratory samples should usually be kept at a temperature of (0 to 4) °C from the time of sampling to the
time of commencing the procedure.

Sampling is not part of the method specified in this International Standard. A recommended sampling method
is given in 1ISO 707] IDF 50.
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9 Procedure

9.1

9.11

Preparation of test sample

Cheese

Before the analysis, remove the rind or coating on the cheese in such a way as to obtain a sample
representative of the cheese as it is usually consumed.

Prepare the
cannot be g

moisture loss.

ound or grated, mix it thoroughly by intensive kneading. Care should always be taken to

ample

avoid

Keep the pre¢pared sample in an airtight container until the measurement, which should be 'carried oyt the

same day. |
refrigerated,
uniformly re-

9.1.2 Dried

delay is unavoidable, take every precaution to ensure proper storage of the”sample.
ensure that any moisture condensation on the inside surface of the container is thoroughl
ncorporated into the test sample.

milk, dried whey and dried buttermilk

Thoroughly mix the sample by repeatedly rotating and inverting the sample container (if necessary,

having trans
operation to

ferred all of the laboratory sample to an airtight container/of sufficient capacity to allov
be carried out).

9.1.3 Butt

r

Mixing is nof necessary unless the sample gives evidence for it. In that case, the mixing temperature s

not exceed

Keep the pr
same day. |
refrigerated,
uniformly re-

Mass reducti

keep the sg
powdered pr

9.2 Meas

°C.

delay is unavoidable, take every-‘precaution to ensure proper storage of the sample.
ensure that any moisture condensation on the inside surface of the container is thoroughl
ncorporated into the test sample.

on of the prepared sample to obtain the analytical sample should be performed by principle

mpling error to a mihimum. Use of incremental sampling techniques (e.g. riffle splitte
bducts) may be usefulfor heterogeneous materials.

Irement

The prepared sample.should reach a temperature within the range included in the calibration, for examp

to 30) °C for
cup without

cheeseand milk powder, and (8 to 12) °C for butter. A sub-sample is transferred to the s3
compressing the sample, and the sample surface is levelled off with a minimum of disturb)

Vhen
and

after
this

hould

pared sample in an airtight container\until the measurement, which should be carried odit the

Vhen
and

5 that
s for

e (20
mple
ance.

The sample

s measured following the instructions given by the manufacturer for operation of the instrum

pnt.

The number of scans, or sub-sample predictions averaged, or the dwell time on each wavelength should be
large enough to reduce the noise of the measurement to an insignificant level. The calibration model valid for
the measured sample type is then applied. If re-usable sample cups with windows are used, the windows
should be cleaned between measurements [particles may be removed by a brush or a vacuum cleaner and
sticky compounds may, for example, be removed using a cloth moistened with a suitable solvent (4.1)].

9.3 Evaluation of results

Results obtained on samples detected as spectral or concentration outliers may not be regarded as reliable.
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10 Checking instrument stability

10.1 Control sample

At least one control sample should be measured before and after an uninterrupted series of sample analyses
to check instrument hardware stability and to detect any malfunction. Knowledge of the true concentration of
the analyte in the control sample is not necessary. The sample material should, as far as possible, resemble
the samples to be analysed, and the parameter measured should be identical to, or at least biochemically
close to, the sample analyte.

Chegse, milk powder and butter may be used as control material over short periods. A sample-if prepared as
in 9.1 and stored refrigerated as a series of sub-samples in closed containers. These samplgs should be
stablg¢ for at least one week. Butter and especially milk powder is normally more stable‘than [cheese. The
stability should be tested in the actual cases. Shifts between control samples should be)overlapged to secure
uninterrupted control.

The fecorded day-to-day variation should be plotted in control charts and investigated for significant patterns

For scanning spectrophotometers, the wavelength accuracy and<{recision should be checked at|least once a
week, or more frequently if recommended by the instrument manufacturer, and the resulgs should be
compared to specifications and requirements (see 5.1). The photometric instrument noise sho%:ld be tested

mpling area,
img diagnostic

NIR |methods should be validated centinuously against reference methods to secure stgeady optimal
performance of calibrations and observance of accuracy. The frequency of checking the NIR method should
be sufficient to ensure that theemethod is operating under steady control with respect to systematic and
random deviations from the reference method. The frequency depends inter alia on the numbgr of samples
analysed per day and the rate of changes in sample population. It may typically be (1 to 5) % [of measured

The funning validation should be performed on samples selected randomly from the pool of analysed samples.
It may be necessafy to resort to some sampling strategy to ensure a balanced sample distribution over the
entirg calibration‘range, for example, segmentation of concentration range and random selgction of test

ssa and the
« SEP (95 %
confidence) and + 3 x SEP (99,9 % confldence) may be used as warnlng and action I|m|ts where the SEP has
been obtained on a test set collected independently of calibration samples.

If the calibration and the reference laboratory are performing as they should, then only 1 in 20 points should
plot outside the warning limits and 1 in 1 000 points outside the action limits.

Control charts should be checked for systematic bias drifts from zero, systematic patterns and excessive

variation of results. General rules applied for Shewhart control charts may be used in the assessment [34].
However, too many rules applied simultaneously may result in too many false alarms.
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The following rules used in combination have proved to be useful in detection of problems:

one point outside either action limit;

two out of three points in a row outside a warning limit;

nine points in a row on the same side of the zero line.

Additional control charts plotting other features of the running control (e.g. mean difference between NIR and
reference results; see ISO 9622) and additional rules may be applied to strengthen decisions.

and
to a

In assessmgnt of results, it should be remembered that SEP and measured differences between~NIR
reference repults also include the imprecision of reference results. This contribution can be reduced
negligible palt if the imprecision of reference results is reduced to less than one-third of the SEP, Pl

To reduce the risk of false alarms, the control samples should be analysed independently~(in’ different sgries)
by both NIR [spectrometry and reference methods to avoid the influence of day-to-day systematic differg¢nces
in, for example, reference analyses.

limits are often exceeded and the control chart only shows randomfluctuations (as opposged to
trends or sygtematic bias), the control limits may have been based on too gptimistic an SEP. An attenppt to
force the reqults within the limits by frequent adjustments of the calibration) will not improve the situatjon in
practice. Thg SEP should instead be re-evaluated using the latest results:

Id be
e to

If the calibration equations after a period of stability begin to moye “out of control, the calibration shou
upgraded. Bgfore this is done, an evaluation should be made~of whether the changes could be d

changes inr
instrument d
equation ma
complete re|
include sam
example is s

Considering
performance
chemical, big
changes cou

12 Precis

ference analyses, unintended changes in measuring conditions (e.g. caused by a new opef
ift or malfunction, etc. In some cases, a simplesadjustment of the constant term in the calib
y be sufficient (an example is shown in Figure B.7). In other cases, it may be necessary to
calibration procedure, where the completé or a part of the basic calibration set is expand

ples from the running validation, and perhaps additional samples selected for this purposg

hown in Figure B.8).

hat the reference analyses aré.in‘statistical control and the measuring conditions and instrd
are unchanged, significant~biases or increased SEP values can be due to changes i
logical or physical propérties of the samples compared to the underlying calibration set.
d in practice be caused by, for example, changes in the cheese processing parameters.

on and accuracy

ator),
ation
run a
ed to
(an

ment
h the
Such

12.1 Repeatability

The repeatability,i.e. the d|fference between two |nd|V|duaI smgle test results obtained with the same method
on identical tes , - , , , ithin a
short interval of t|me WhICh should not be exceeded in more than 5 % of cases, depends on the sample
material, the analyte, sample and analyte variation ranges, method of sample presentation, instrument type,
and the calibration strategy used. The repeatability should be determined in each case.

12.2 Intralaboratory reproducibility

The intralaboratory reproducibility, i.e. the difference between two individual single test results obtained on
identical test material in the same laboratory by different operators at different times, which should not be
exceeded in more than 5 % of cases, depends on the sample material, the analyte, sample and analyte
variation ranges, method of sample presentation, instrument type, and the calibration strategy used. The
intralaboratory reproducibility should be determined in each case.
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12.3 Accuracy

The accuracy, which includes uncertainty from systematic deviation from the true value on the individual
sample (trueness) and uncertainty from random variation (precision), depends inter alia on the sample
material, the analyte, sample and analyte variation ranges, method of sample presentation, instrument type,
and the calibration strategy used. The accuracy should be determined in each case. SEP and RMSEP values
reported in the literature are listed in Table A.1. The reported SEP and RMSEP values also include
uncertainty of reference results which may vary from case to case.

13

The test report shall specify:

a)

treport

Il information necessary for complete identification of the sample;

e test method used, with reference to the relevant International Standard;
all operating conditions not specified in this International Standard, or. regarded as optional,
nd any circumstances which may have influenced the results;
le test result(s) obtained;

the current SEP and bias (if statistically significant), estimated from running a performance tg
25 test samples (see Clause 11).

st on at least
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Annex A
(informative)

Examples of SEP and RMSEP values

The following SEP and RMSEP values have been reported in the literature. The reported SEP and RMSEP
values also include uncertainty of reference results which may vary from case to case.

Table A.1 — SEP and RMSEP values
Sample matdrial Analyte °°“°;/:a"9‘* RMcZEP soip NIR techique | |Ref.
Processed cheese, Moisture 40 to 51 0,24 Reflection 10
Gouda, Edan Fat 21 to 31 0,27 Ground samples
Processed cheese Moisture 48 to 51 0,21 Reflection 10
Fat 211023 0,23
Protein 20to 24 0,35
Cheddar Moisture 35t040 0,34 Reflection 11
Fat 311035 0,33 Ground samples
Tetilla, Arzta] Edam Total solids 45 to 62 0,61 Reflection 12
Fat 18 to 32 0,47 Unground samples
Protein 16 to 30 0,50
Danbo Moisture 40 to 52 0,30 Transmission 13
Fat 22 to 28 0,28 Unground samples
Protein 22 to 27 0,26
Danbo Total solids 46 to*62 0,58 Reflection 14
Fat 1410 36 0,52 Unground samples
Protein 22 to 31 0,38
Edam Total solids 50 to 61 0,20 Transmission 15
Ground samples
Gouda Totalsolids 4010 43 0,12 Transmission 15
Brie Total solids 41 to 55 0,33 Transmission 15
Colby Jotal solids 38 to 41 0,23 to 0,27 Transmission 15
Cheddar Total solids 37 to 40 0,3110 0,35 Transmission 15
Danbo Total solids 50 to 63 0,20 Transmission 16
Fat 23 to 29 0,19 Unground samples
Danbo Total solids 47 to 52 0,16 Transmission 17
Total solids 47 to 63 0,29 Unground samples
Fat 16 to 28 0,17
Dried skim milk Moisture 3,3t0 4,7 0,08 Reflection 10
Fat 0,5t0 1,3 0,09
Protein 34 to 37 0,20
Lactose 48 to 50 0,44
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Table A.1 (continued)

Sample material Analyte Conc(.%range RMO/SOEP S(!/EOP NIR technique Ref.
Dried buttermilk Moisture 2,7t06,3 0,10 Reflection 10
Fat 5,3 to 11 0,13
Protein 29 to 35 0,21
Lactose 37 to 47 0,37
Dried-skim milk Moisture 32061 0082 Reflection 18
Fat 0,7t02,5 0,072
Protein 3510 38 0,184
Dried whole milk Moisture 2,7t04,5 0,09 @ Reflection 18
Fat 24 to 27 0,192
Protein 2510 28 0,192
Dried skim milk Moisture 2,9t09,7 0,27 Reflection 19
Fat 0,5t0 2,1 0,10
Protein 34 to 40 0,44
Lactose 53 to 58 0,59
Dried whey Moisture 2,7t05,7 0,37 Reflection 20
Fat 0,2t07,2 0,52
Protein 9,5t042 1,3
Lactose 7,9to 71 2,8
Buttgr Moisture 14 t0 16 0,26 Reflection 21
Non-fat solids 133\t0 2,6 0,071
Fat 81to 84 0,38
@  $tandard error from calibration witout cross validation.
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Annex B
(informative)

Examples of figures

Full-scan calibrations (900 nm to 1 100 nm transmittance) were developed for the determination of fat (%) in
semi-hard cheese containing ca. 30 % fat in total solids. The calibrations were developed using 110 samples
and 6 cross-palidation segments. Spectra were MSC treated before calibration. The calibrations were_tested
on an indepgndent test set to obtain the plot shown in Figure B.1.

The optimal pumber of PLS factors is 10 + 1.

Y A

0,7

0,6

0,2

01

Key
X number of PLS factors
Y RMSEP

Figure B.1 — Example from practice showing a plot of RMSEP
as function of the number of PLS factors
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A full-scan calibration equation (900 nm to 1 100 nm transmittance) was developed for determination of fat
(%) in semi-hard cheese containing ca. 30 % fat in total solids. Figure B.2 shows results from cross validation
(6 segments, 110 samples) obtained after MSC treatment of spectra.

Results obtained on an independent test set (320 samples) using the developed calibration equation were

SEP 0,14; RMSEP 0,14; slope 1,00.

Y &
30 —
| B>
30
X

Key

X  predicted value

Y reference value

Figure B.2 — No outliers
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Figure B.3 was obtained with calibration conditions as given in Figure B.2. The x-outlier was a cheese
containing ca. 45 % fat in total solids.

Results obtained on an independent test set (320 samples) using the developed calibration equation were:

SEP 0,16; RMSEP 0,16; slope 1,03.

Y A
30 =
29
28
27 H o
26
25
24
23 H
22 H
21 H
20 [
19
18
17
16 °

\

15| 16 17 18 19 20 -217 22 23 24 25 26 27 28 29 30

Key
X predicted yvalue
Y reference|value

Figure B.3 — x-outlier

16 © 1SO and IDF 2006 — All rights reserved


https://standardsiso.com/api/?name=3aa7ee8dd13c5a5af7233faab8c042c8

ISO 21543:2006(E)
IDF 201:2006(E)

Figure B.4 was obtained with calibration conditions as given in Figure B.2. The y-outlier was a cheese with a

2,0 % unit error in the reference result.

Results obtained on an independent test set (320 samples) using the developed calibration equation were:

SEP 0,16; RMSEP 0,16; slope 1,03.

Y A

Key
X pfedicted value
Y r¢ference value

Figure B.4 — y-outlier
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Figure B.5 was obtained with calibration conditions as given in Figure B.2. The sample was the outlier shown
in Figure B.3 (cheese with ca. 45 % fat in total solids) assigned a 2,0 %-unit error in reference result.
Significantly increased residuals and a slight tilting of the main group in order to fit this group and the outlier
simultaneously are observed.

Results obtained on an independent test set (320 samples) using the developed calibration equation were:

SEP 0,28; RMSEP 0,29; slope 1,12.

Y A

Key
X predicted yvalue
Y reference|value

Figure B.5 — Combined x- and y-outlier
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Figure B.6 was obtained with the same calibration conditions as given in Figure B.2. The sample was the
outlier shown in Figure B.3 (cheese with ca. 45 % fat in total solids) assigned a wrong result (a result for a
cheese containing 30 % fat in total solids). Dramatically increased residuals and a tilting of the main group in
order to fit this group and the outlier simultaneously are observed.

Results obtained on an independent test set (320 samples) using the developed calibration equation were:

SEP 0,62; RMSEP 0,64; slope 1,61.

30

Key
X pfedicted value
Y r¢ference value

Figure B.6 — Another combined x- and y-outlier
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