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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with ISO, also take part
in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
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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
pate Yt 1ishto. HBf—shatrotbeheld 1coyuuoiblc fot idcutif_yius any-ot aH-streh yatcut T ish‘s. Details of
any patent rights identified during the development of the document will be in the Intredu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenienceof users gnd does not
consfitute an endorsement.

This| document was prepared by the IDF Standing Committee on Statistics and Autdmation and
ISO Technical Committee ISO/TC 34, Food products, Subcommittee SC5,"Milk and milk pfoducts. It is
being published jointly by ISO and IDF.

The Work was carried out by the IDF/ISO Action Team (S12) of theé Standing Committee on Statistics and
Automation under the aegis of its project leaders, Dr S. Holroyd (NZ) and Dr A. Larsen (DK)
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Milk and milk products — Guidelines for the application of
in-line and on-line infrared spectrometry

1 Scope

This document gives guidelines for using infrared spectrometry in in-line and on-line applications for

dairyprocessing- Theseappticationsare distinct to those covered i 1SO21543 11D F 201
[t is applicable, but not limited, to:

— the determination of protein, fat and total solids in liquid milk and milk produicts using mid and
near infrared spectrometry;

— the determination of protein, fat and moisture in solid or semi-solid products, such as rhilk powder,
gnd butter and liquid dairy streams using near infrared spectrometry:
2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following®erms and definitions apply.
ISO gnd [EC maintain terminological databages for use in standardization at the following dddresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

31
in-line analysis
analysis of a product line.where the sensor probe interfaces directly with the product sfream being
meagured, or a reflectanee measurement through an optical window into the product stregm

3.2
on-line analysis
analysis of asproduct line where the sensor probe interfaces indirectly with the product sfream being
meagurediby way of a bleed loop, automated grab sampler or other means of subsampling

3.3
at-line analysis

analysis of a product where the instrument is physically remote to the product stream being measured
and the sample is manually introduced to the instrument

Note 1 to entry: While not covered in this document, this definition is added here in order to distinguish this type
of spectometric analysis from in- and on-line apparatus.

34

near infrared instrument

NIR instrument

proprietary apparatus utilizing wavelengths within the range 400 nm to 2 500 nm or 25 000 cm™! to
4 000 cm! (both visible and NIR range) or 12 820 cm™ to 4 000 cm~! (NIR range only) which, when
used under certain conditions, estimates mass fractions or other parameters of use
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3.5

mid infrared instrument
MIR instrument

proprietary apparatus utilizing wavelengths in the range 4 000 cm1 to 400 cm~1, which, when used
under the conditions specified in this document, estimates the mass fractions or other parameters of
use specified in Clause 1

4 Principle

A laboratory in-line or on-line instrument is installed according to the manufacturer’s guidelines for
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is measured
(ATR). The 1
values with
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by transmission, reflectance and a combination of both, or by attenuated total reflect
esulting spectral information is transformed to constituent concentrations or.consti
other units by calibration models developed by representative samples from the popul

atus

Infrated instrument, based on diffuse reflectance or transmittance measurement in

m to 2 500 nm or 25 000 cm™1 to 4 000 cm™1 or 12 820/cm™1 to 4 000 cm™1) oy
L to 400 cm~1) wavelength region or segments of thigyor at discrete wavelengths
Fation principle may be dispersive (e.g. grating monochromators), interferometr

ometric instrument noise, wavelength accuracy_ and wavelength precision (for scar
pmeters). The instrument shall be able to optically view into the product stream wi

interface. There are many commercial suchtdevices with a wide variety of techn
n specific applications.

ation and sampling considerations

ral

Any installation shall cover both the integrity of the infrared instrument as well as interface wit

process strd
— protect
isolatio
an appr

many r

am. Key aspects for the integrity of the instrument include:
on from cleaningregimes;

h from vibratior, dust and other environmental contaminants;
ppriate temperature regime for the specific instrument;

bojions have strict protocols for materials in contact with human food products, su

bove
ance
uent
htion

the
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based. The instrument should be provided with an‘appropriate diagnostic test systein for

ining
th an
blogy

h the

th as

Regulat]

jon)(EC) No 1935/2004![3] or US equivalent 3A, and this is an important consideration for

probes or cell construction.

A reliable, stable and consistent sampling interface is the key to successful use of in-line and on-line
spectrometry. The following aspects are important.

— The ability to sample a representative flow of product. This can be ascertained by experimentation
as well as an understanding of the fluid dynamics of the process flow.

The ability to be consistently cleaned to the same level as the rest of the installation for good grade

hygiene. For liquid product streams, this may mean that the probe is cleaned by the regular cleaning
in place protocols. For powder, an air jet or similar can be necessary to remove sample prior to each
measurement. Experimentation is often required to determine the most effective cleaning protocol
for a specific environment.
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Stability over time. The interface shall not be altered by changes in plant or process as these can

impact spectral quality and thus predictive performance of the instrument.

Pipe, flow direction, sampling valve position and other technical considerations.

A critical component of any in-line or on-line system is how it samples from the process stream. The
following key aspects shall be considered:

the relationship between sample and spectra;

the probe: optical interface, location and type;

q

1

ampling and sample handling and timing, especially alterwards until the sample 1s ana
eference method;

¢ombinations and composition ranges of major and minor sample components: an

olids, fat and protein) and non-analytes (component that can interfere withthe result

q

q
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homent of sampling. With in-line analysis, this means that a spectrum shall be take
a manual signalling option actually on theifistrument housing that will flag the mome
le is taken. This serves to accurately record the time of the sample collection and matd
bsponding spectra.
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nderstanding of the process time" constants is also important to assess to ensur
een the reference sample and-spectroscopic measurement. The infrared measuremg
tion of reference analyses should also be performed with a minimum time lag (prefera
lay) and should reflect the stability of the matrix. The handling and treatment of samp
they are taken until their’analysis by the reference method is also important: it shall b
maintain the integrity of the sample. For example, milk powder may be cooled for a sp
1} to reference analysis. It is important this is similar for all samples used to build and
ence set and inroutine use.
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ling procedures should be respected uniformly during the calibration, validation and
and notehanged over time. The ability to obtain a representative sample from the pro
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The sampling point should be defined properly. Samples should be collected in such a way that they
represent the same or similar portion of sample that was measured by the infrared instrument.
Considerations such as homogeneity of the process stream are important and it can be challenging
to ensure a consistent representative sample is obtained in all process conditions. It is important to
accurately record the time of the sample collection and match it with the corresponding spectra.

6.2 In-line analysis systems

Anin-line system shall be set up so that a truly representative flow of material passes across the optical
interface, and that there is no build-up of either material or contamination on the optical surface of the
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probe. There are many commercial probes for in-line systems depending upon the type of matrix being
sampled. When a probe type is being selected, the following considerations are important:

variatio

for refe]

6.3 On-li

For on-line
material frd
reliable and

n over time;

the ability to change/remove the probe if required;

the cost of installation;

an appropriate optical interface, given process stream, range of environment conditions and matrix

the compatibility of the probe with the instrumentand the fibre optical connection to the instrument;

‘ence testing is taken.

he analysis systems

m the process stream. The extraction system shall be able to be kept'clean and re
consistent over an extended period. The types of commercially available extraction sys

the locaffion of the probe In relation to the presence of a sample valve where a corresponding salmple

bystems, the considerations differ as they shall reliably extract a representative sample of

main
tems

differ depeniding on the process stream matrix. Furthermore, the samples ‘should be collected and
measured oyer a certain period of time to ensure inclusion of time-dependent effects. This design will
improve thg ruggedness and give a more even performance of the calibration over the entire anplyte
concentratign range.

7 Types|of process flows

7.1 Genefal

Each type of process flow has differing considerations regarding the instrument set up.

7.2 Liquids

Liquid in-line analysers are installed in‘an upstream flow. In this way, the liquid present in the|pipe
will apply a| pressure to the measurément point, so it is sure there is no air. The sampling poinf, for
calibration gnalysis and monitoring,/should be placed at the measuring point or as close as pogsible
downstreanh. A possibility to indicate the sampling time and duration should be provided. A sanjitary

sampling dej

7.3 Semi

With proces
in-line prob
representat
materials, s

vice shall be used:

solids

s streams;’such as butter and cream or cottage cheese, effective placement and operati
bs for\measurement is very important. Care shall be taken that the probe interfaces w
veflow of product and no build up or material impedes measurement. With heterogen

on of
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volume can be taken from the line and correctly handled so as to provide an accurate reference
measurement.

7.4 Powders

Milk and protein powders are also a challenging process stream to accurately measure in-line. Probes
may be positioned so as to ensure they interface with a flow of fresh powder. The probes themselves
may also be designed in such a way as to catch a powder sample and then remove it after measurement
via clean compressed air, so the powder is stationary during measurement with no air gaps that could
introduce non-uniformity. In other cases, powder may be scanned through a window with renewing
powder flow. The sampling point should be as close to the probe as possible to retrieve reference/
calibration samples.
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8 Calibration and validation

It is noted that calibration and validation is a complex area and many aspects are common to both at-
line as well as in-line or on-line instruments. These are well covered in ISO 21543 | IDF 201.

The instrument shall be calibrated before it is used. Because of the complex nature of the infrared
wavelength regionl2], the instrument shall be calibrated on a series of process samples with
corroborating laboratory reference tests or similar analytical results. It is noted that when the process
is statistically under control, recognized secondary methods such as at-line NIR/Fourier-transform
infrared spectroscopy (FTIR) can also be used to develop and periodically check the performance of
calibration models. However, it is strongly recommended that the bulk of the spectra used for calibration
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a laboratory may be used with care to extend the range of calibration samples, butt
omprise the bulk of the calibration set. This will ensure spectral variation inherent to
bquately captured in the calibration spectra set. Due to the nature of NIR spegtrd, typi
ument will require a greater number of calibration samples than a MIR jistrument,

depending on the sample matrix type and the specific compositional paraméter being

ondary instrument is used as reference for the calibration and validation work, then i
sure it is in adequate control. When using chemical analysis as-reference analysis
mmended to use duplicate analyses instead of a single analysis.

required agreement and precision cannot be obtained by a§ingle calibration, then thg
can be split up into static or dynamic sub-areas, each with/an associated calibration
rements. These would ideally be selected automaticallywhen required in conjunction v
ocessing conditions. A nonlinear modelling approach)could also be used. Here, an ic
could be used to know which sample/product is cugrently to be measured. A model s¢
ler from the process control system can also be*a\iseful adjunct to ensure the appropi
n use for different products.

in-line instruments, there is often a challenge to obtain sufficient variation in sample ¢

Ideally, deliberate process variation can be-“used to obtain an appropriate sample rang

not
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ossible, samples taken from start @p or during processing changes can yield great
ded care is taken that they are truly representative of the process.

ration models developed for. in-line instruments should have good performance

ement and precision as déscribed in ISO 21543 | IDF 201. In some cases, where the r¢
e process is much longer_than the in-line instrument measurement time, a plot of moy
sults can be very helpful to increase the performance of the instrument reading. Whg

can increase accuracy of-the instrument reading or trending, the results can be used in ¢

to c(

ntrol the process/ However, even more important is to have good performance wit

the 1

epeatabilitydn-order to detect small variations in the production. It is also possible t
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infrared measurement for trend control. In cases of a biased reading, the results can still be used to
contfol the process based on trending information.

Validation ‘should be accomplished by checking the performance of the installation ang
calibration using an independent test set, preferably sampled after the calibration per

| associated
od but also

covering a similar amount of process variation, if possible. This data can be analysed as described in
ISO 21543 | IDF 201 and the calibration adjusted if required. Following calibration adjustment, re-
validation should be carried out. A validation report specifying the following information should also
be prepared:

all the information necessary for complete identification of the samples (e.g. date, sample type);

the laboratory test method(s) used, with reference to the relevant International Standards and
including a laboratory reference error;

any unusual circumstances that could have influenced the results;

the test results obtained;
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— the root mean square error of prediction (RMSEP);

— the root mean square error of cross validation (RMSECV).

9 Long-term monitoring and calibration adjustment

The calibration shall be evaluated both when implemented and over time in order to assess the
number of outliers and observe any product changes not represented in the calibration. Outliers can be
identified in a number of ways. There is a range of statistical techniques for assessing outliers: these are
software dependent and set a threshold above which samples are classified as outliers. These could be

n
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Monitoring is part of the internal control plan. The trueness monitoring of the calibration model
ensures that the method performs according to performance established during the validation step.
This requires the analysis of production samples by infrared and by reference method according to a
predefined monitoring plan.

Each instrument will have different protocols for its short-term and long-term stability. For short-term
stability, it is suggested that a plot of day-to-day performance test data is useful. This data or some
subset of it may be averaged to provide an indication of longer-term stability, but overall a defined plan
that affords a rapidly assessed measure of instrument health is important.

Sample type, handling and condition as well as the frequency should be proposed.
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