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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 matters of
electrotechnical standardization.
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Foreword

IDF (the International Dairy Federation) is a non-profit organization representing the dairy sector
worldwide. IDF membership comprises National Committees in every member country as well as
regional dairy associations having signed a formal agreement on cooperation with IDF. All members of
IDF have the right to be represented on the IDF Standing Committees carrying out the technical work.
IDF collaborates with ISO in the development of standard methods of analysis and sampling for milk and
milk products.

The main task of Standing Committees is to prepare International Standards. Draft International
Standards adopted by the Standing Committees are circulated to the National Committees for
endonsementpriorto-ptbheationasantn attorat-StandardPublieat errrational Standard
requifes approval by at least 50 % of IDF National Committees ¢

asting a vote.

Attenltion is drawn to the possibility that some of the elements of this document may be the subject of
patenft rights. IDF shall not be held responsible for identifying any or all such patent rights

Any trade name used in this document is information given for the convenietice of users pnd does not
constftute an endorsement.

ISO 9p22|IDF 141 was prepared by the International Dairy Federatipn. (IDF) and Technicgl Committee
ISO/T|C 34, Food products, Subcommittee SC 5, Milk and milk products. It is being published jointly by IDF
and I1$0.

All wprk was carried out by an ISO-IDF Project Group on Guiiddance on the application of mid-infrared
spectrometry, of the Standing Committee on Statistics .gnd Automation (SCSA), under the aegis of its
proje¢t leaders, Mr. P. Sauvé (CA) and Mr. H. van den Bijgaart (NL).

This second edition of joint ISO 9622|IDF 141 .canhcels and replaces IDF 141C:2000, whjch has been
technlically revised.
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RNATIONAL STANDARD

IS0 9622:2013(E)

IDF 141:2013(E)

Mil

k and liquid milk products — Guidelines for the

application of mid-infrared spectrometry

1 S

cope

This Internatlonal Standard glves guldehnes for the quantltatlve composmonal analysis of milk and

2 N
The f

lalysis of milk of other species (goat, ewe, buffalo, etc.) and derivedliguid milk produ
ate calibrations are generated for each application and adequate €o6ntrol procedures

pplication is limited to lower viscosity products that can be pumped through the flow
cer and to analytes that do not resultin optical saturation atthe specific wavelengths b

ormative references

bllowing documents, in whole or in part, are normatively referenced in this docuq

indispensable to its application. For dated references, only the edition cited applies.

referg

ISO 8
of mil

ISO 8

ISO 8§
(Macr

ISO 8
nitrog

NOTE
autom

nces, the latest edition of the referenced document (including any amendments) app

196|IDF 128 (all parts), Milk — Definition and evaluation of the overall accuracy of ind

en content

Other normative documents can apply depending on the specific application or cali
ated analyser.

3 7

erms and definitions

k analysis

D68-1|IDF 20-1, Milk — Determination of nitrogen content — Part 1: Kjeldahl method
968-2|IDF 20-2, Milk —(Determination of nitrogen content — Part 2: Block-diges
[0 method)

968-5|IDF 20-5, Milk — Determination of nitrogen content — Part 5: Determinatig

>ment of the

rformance in
meters.

applicable to
cts, provided
are in place.

system of the
eing utilized.

hent and are
For undated
ies.

rect methods

tion method

n of protein-

bration of the

For the purposes of this document, the terms and definitions given in ISO 8196|IDF 128 (all parts), and
the following apply.

3.1

spectral calibration

spectrum calibration model
calibration based on combination of absorbance signals at several (>2) wavelengths in the mid-infrared
region or signals from other sensors, mathematically optimized to arrive at the best estimate for the
parameter of interest

3.2

slope and intercept calibration
simple linear regression coefficients as established from a least-squares regression of optimized
instrument readings against results as obtained with physico-chemical reference methods

© ISO and IDF 2013 - All rights reserved
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4 Principle

After pretreatment and homogenization, where required, the sample is measured with an infrared
spectrometer that records the quantity of radiation absorbed in transmittance at specific wavelengths in
the mid-infrared region. The spectral data are transformed into estimates of constituent concentrations
or other physico-chemical parameters through calibration models developed on representative samples
from the population to be tested. For some parameters, i.e. freezing point equivalents, signals from
additional installed sensors may be fed to the calibration model.

5 Principal characteristics of infrared instruments

The signals|at the relevant wavelengths may be produced using either a Fourier-transfgrmed
interferogram or by using optical filters. Instruments and applied calibration models maydiffer with
respect to the number of specific wavelengths used in estimating the parameters of interest,

An infrared |nstrument is a proprietary apparatus which, when used under the conditions defied in
this Internafional Standard, provides estimates of compositional and other parameters in milk and
liquid milk pfoducts.

6 Factors affecting the measurements
6.1 Instryment factors

6.1.1 Repgatability

To check insfrument repeatability, analyse a uniform repiesentative sample a minimum of 12 tirhes in
succession. The first two replicate results are discarded to minimize carry-over effects. The calciilated
repeatability should meet with the repeatability limits for the concerned parameter and sample nlatrix.

6.1.2 Zero|stability

To monitor zgro stability, a blank sample (water or zero solution) is analysed periodically during rgutine
use of the ingtrument. Drift should be rélatively small and random with respect to direction (%), such that
cumulative dfiftis minimal. A plot of the zero drift vs time is an effective way to track instrument stability.

NOTE Certain instruments are-factory set to auto-correct the zero at regular intervals. It is intended that
operators review these automatieycorrections to ensure that cumulative drift is not excessive.

6.1.3 Hompogenization

To checkthe ¢fficiei€yof the homogenizer, make two consecutiveanalyses, firstly withan unhomogenized
whole milk sagmplefand secondly with the same whole milk sample after it has been homogenized through
the instrumgnt’s homogenizer. When the average of five replicate fat readings is found, the diffdrence
among these five replicate fat readings shall not exceed 0,04 % for a milk sample containing a mass
fraction of 4,0 % of milk fat. To calculate the appropriate pass/fail criteria for milk fat concentrations
other than 4,0 %, multiply the actual fat content by 0,01 to obtain the new criteria.

NOTE 1 This procedure is only applicable to instruments in which the homogenized discharge can be isolated
and collected.

NOTE 2  For applications involving sample matrices with higher levels of fat (i.e. raw cream), it is advisable

to check homogenization efficiency with a representative high fat sample. Specific parameters for homogenizer
performance depend upon the matrix.

2 © ISO and IDF 2013 - All rights reserved
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NOTE 3 Instrument readings for every milk fat component (e.g. individual fatty acids or groups of fatty acids)
is dependent on the effectiveness of homogenization. Different wavelengths used in calibration models result in
unequal sensitivity to homogenizer efficiency and possibly larger relative effects than for fat. When measuring
such milk fat components, it is intended that the homogenizer efficiency test be performed for these components,
and the difference is not intended to exceed the limit of repeatability for the component.

CAUTION — The results of this test can be misleading, as an instrument in which the homogenizer
does not work at all gives very little difference between the first and the second run.

An alternative procedure is to obtain an unhomogenized as well as a homogenized portion of the
same milk, either by collecting raw and processed milk from the same tank at a dairy plant or by
producing smaller volumes by means of a bench-top or pilot-plant homogenizer. Then measure both the
unhofnogenized and the same homogenized milk and compare the diiference in results jo the above-
mentioned pass/fail criterion.

od. That can
distribution
lobules has a

The dssumption is that the homogenization efficiency of the external homogenizer/is go
be verified by particle size analysis of the homogenized milk. A reasonable fat globule siz¢
is chdracterized by a d (0,9) of 1,4 um to 1,5 pm [d (0,9) means that 90 % ofthe milk fat g
diamgter of less than d].[17]

Some|instruments allow the user to monitor a homogenization index ¥alue to track the pefformance of

the h¢mogenizer. The manufacturer’s guidelines should be followed.

t to the state
repeatability
brming at an

Moniforing of instrument repeatability can also provide valuable/information with resped
of th¢ homogenizer. If repeatability on homogenized milkais ‘satisfactory, whereas the
on rayw milk is poor (more than twice the variation), thé:homogenizer is likely not perf

accepftable level.

6.1.4| Linearity

NOTE(1

in mil
the m

The linearity check described in this.subclause applies only to the measurement of maja
k. Linearity checks for other applications, pdrticularly for higher fat products or for paramet
hjor constituents, will differ. It is intended that the manufacturer’s guidelines be followed in

r components
ers other than
hese cases.

NOTE
cuvett
case, |
intend

2 Linearity can be assessed on either a mass/mass basis or a mass/volume basis. Since the instrument
e holds a specific volume of samiple, it is most ideal to assess linearity on a mass/volume Hasis. In either
[nearity solutions are prepated by accurately weighing fractions. To assess linearity on a vol§ime basis, it is
ed that accurate density measurements be conducted and appropriate conversions be calculated.

NOTE3 It is critical, priob to assessing linearity, to confirm that the instrument homogenizer [is functioning

appropriately (see 6.1.3):

To ch¢ckthelinearityforeach ofthe major components, make up atleast 10 solutions ofknown cpncentration,

which] cover thetypical range for the specific component. The following solutions are recommended.

a) Homegenized cream with a mass fraction of fat of 8 %, diluted with skimmed milk or gero solution
to check the linearity for the determination of the fat content. If homogenized cream af this fat level
isuhavattableuwnhomogentzed-ereammay-also-beused-providing-the-instramenthomogenizer is
functioning at an acceptable level (see 6.1.3).

b) UF skimmed milk retentate diluted with ultrafiltrate to check the linearity for the determination of
the protein content. Alternatively, whey protein concentrate, sodium caseinate, calcium propionate,
skim milk powder or evaporated skim milk diluted with distilled water may also be used. The stock
solution should contain a mass fraction of approximately 5,5 % of protein.

c) A solution of 60 g/l of lactose monohydrate, diluted with water or a milk mineral solution[14] to

check the linearity for the determination of the lactose content.

Using a stock solution, which has a concentration at the upper end of the typical range, serial dilutions
can be made as follows in Table 1:

© ISO and IDF 2013 - All rights reserved
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Table 1 — Serial dilutions

Part of stock solution Part of diluent Relative concentration
100 0 1,0
90 10 09
80 20 0,8
70 30 0,7
60 40 0,6
50 50 0,5
40 60 0,4
30 70 0,3
20 80 0,2
10 90 0,1
0 100 0,0

The concenttations of the solutions should be in regular increments from zero to the desired

limits of inst

Analyse eaclh sample in triplicate, average the results and calculate ‘the linear regression eqy
ply linear regression with the expected values per sample on the x-axis and the meagured
mple on the y-axis. Calculate the residuals e; = y; —¢(bX; + a) from the regression. Plpt the

y=bx+ a. Af]
values per sg
residuals ¢; (
usually yield
deleted and

When obsery

_ (ema

(M na
where
€max 1S
€min 1S
Mmax is

Mmin IS

Fument readings.

the numerical value-of the minimum residual from the regression;
the numericalvalue of the upper measured value for the set of samples concerned;

the numerical value of the lower measured value for the set of samples concerned.

ipper

lation

y-axis) versus the expected values (x-axis) in a graph. A visual inspection of the data points
s sufficient information about the linearity of the signal. Any outlying residual shouiild be
he calculation process be repeated with the refmaining data before applying the furthejr test.
red, the curving can be expressed by thexatio, r, by using Formula (1):

—e..:
k ~ €min ) %100 @8]
K Mmin )
the numerical value of the maximum residual from the regression;

The ratio, r, should be less than 2 %. In case this value is superseded, better performance may be obtained
by making separate calibrations for distinct ranges.

Eventually, adjust the linearity of the instrument response for the component in accordance with the
manufacturer’s instructions. See also Reference [18].

NOTE Alternatively, it is possible to combine a linearity check with the slope and intercept calibration.

6.1.5 Carry-over

Carry-over is defined as the residual volume of the previous sample as a percentage of the total volume
of the instrument cell after a single pumping sequence of a sample through the instrument cell.

© ISO and IDF 2013 - All rights reserved
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Internal factors/issues affecting carry-over include pump settings, flow system deficiencies and
compensation factors. External factors affecting carry-over include transfer from the stirrer and pipette.

To assess carry-over for the complete system, including carry-over from the eventually applied automatic
sampling system, run the samples from 20 separate vials using the complete system.

To assess carry-over for the flow system alone, run the samples manually, thereby wiping the pipette
clean between cycles.

To check the carry-over, analyse 20 consecutive samples of water and whole (Be cautious with raw
milk; it has to be homogenous.) milk, using the sequence: water, water, milk, milk, water, water, etc., and
record for each sample of water and milk, the readings for each of the major compositional parameters.

Calcujate for each parameter, the water-to-milk, Ew, and the milk-to-water carry-over/[Fv, by using
Formpila (2) and (3):

EN:(mz_ml) x 100 2)
(mz —Wz)
E\ = MX 100 (3)
(m2 —Wz)
wher¢

w1  is the sum of the first water readings (Nos. 1 + 5.#9 + 13 + 17);
Wy  is the sum of the second water readings (No§>2 + 6 + 10 + 14 + 18);
m1  is the sum of the first milk readings (Nos.'3 + 7 + 11 + 15 + 19);

m2  is the sum of the second milk readings (Nos. 4 + 8 + 12 + 16 + 20).

The cplculated carry-over values, Evw and E), shall be less than 1 %.

NOTE It is intended that carry-over be assessed using this technique on the major milk companents only.

6.1.6| Water vapour within the instrument

Variations in humidit§Z-of the air within the optical unit of the instrument result in varigtions in the
optical zero and calibration. Replace the absorbent (silica gel) before it starts to change [colour at the
minithum interval{specified by the manufacturer. The ambient conditions within certain|laboratories
might requirehanges that are more frequent.

6.2 |Physico-chemical and biological factors

6.2.1 Milk composition
The signal obtained at each wavelength is the result of absorption by all components, including water.

When applyinga spectrum calibration model for a specificcomponent, the consequences of variationsin other
components may generally be accommodated for in the calibration model. Residual interaction detected can
stem from insufficient variation of component concentrations in the spectral calibration sample set.

With traditional calibrations based on absorbance signals at preset wavelengths (MLR calibrations),
it is necessary to apply intercorrection in order to accommodate for variations in concentration of the
other components. The so-called intercorrection coefficients are specific to each wavelength and each
type of instrument.

© IS0 and IDF 2013 - All rights reserved 5
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Check for any residual interaction of major components and, if necessary, adjust the intercorrection
coefficients at intervals according to procedures specified by the instrument manufacturer or reference
material provider.

Any independent addition of the pure component to milk should not result in a significant shift in the
results of the other components, other than expected from the dilution by the added component. For the
main components, this can be achieved as follows:[17]

a) add to a milk sample:

— cream of the same milk;

— a wrw_ﬁﬁﬁ_ﬁrr_t—rr_w €d amount Mcas Of dried caseinate or milk protein to raise the protein content with
aboyt 1 g/100 g;

— awdighed amount my,¢ of dried lactose to raise the lactose content with about 1,.g/100 g;
b) analyse the original samples and the fortified samples in at least quadruplicate;

c) calculate the means of replicates and, subsequently, the interaction biases using:

_(Y‘IX _YLX fx)
dY/X __(Hx _LX) .

where

YLx and Y}ix are the mean concentrations measured for thednterfered component Y before and
after the addition of the interfering component, respectively;

Lyand Hy| are the mean low and high concentratiofi§ measured for the interfering componeht X
before and after its addition, respectively;

fx is the dilution factor for the addedcomponent X: fat fp =1 - 0,011-(Hr - Lr), protejin
fp=1-0,008-mcys and lactoge)fy, = 1 - 0,006-mj ¢

For the threq major components, six cembinations should be tested: F/P, F/L, P/F, P/L, L/F, L/P.

For milk sample populations showing large concentration ranges (e.g. individual milks), residual
interaction bjiases should lay within +0,02.

Procedures dnd modified milk’'samples for checking and adjusting intercorrection coefficients arefmore
extensively described elsewhere.[15][16][17]

The intercorrection-coefficients should be checked whenever any major part of the instrument, for
instance the [source;the detector or optical deck is serviced or changed.

6.2.2 Fattyacid composition

With traditional calibrations based on absorbance signals at preset wavelengths (MLR calibrations),
the variations in the fatty acid composition of milk (mean molecular mass and degree of unsaturation)
can influence significantly the relationship between the results of the reference method and the
infrared measurements. When compositional variations occur (for example seasonal variation, regional
differences or different species), it may be necessary to modify the calibration of the instrument.

NOTE With spectral calibrations it is possible to reduce the impact of seasonal and regional variation by
incorporating these types of variation in the calibration sample set.

6 © ISO and IDF 2013 - All rights reserved


https://standardsiso.com/api/?name=b045e0c0f1ca3121af3eda03bdafbc11

IS0 9622:2013(E)
IDF 141:2013(E)

6.2.3 Lipolysis

The liberation of fatty acids by the action of lipase can change the instrument’s readings. For example
when applying an instrument using traditional MLR calibrations, an increase in the lipolysis index of
1 milliequivalent per 100 g of fat, as measured by the BDI method (ISO/TS 22113|IDF/RM 204), changes
the instrument’s signal for fat by -0,022 % at 5,7 um (filter A) and by +0,006 % at 3,5 pm (filter B) for a
sample containing a mass fraction of fat of 3,5 %.

An increase in the lipolysis index of 1 milliequivalent per 100 g of fat, as measured by the BDI method,
changes the instrument’s signal for protein at 6,5 um by + 0,013 % for a test sample containing a mass

fraction of protein of 3,0 %.

6.2.4

If par

Physical condition of milk fat

t of the milk fat appears on the surface in an oiled-off condition, the test sample py

instrgment would not be representative of the fat content of the sample. Oiled-off samples sh

be av

6.2.5

The 1
of thd
contr
be cal
(in ag
the K

When
nitrof
const
samp
on th
nitrog
prote
anoth

6.2.6

Citric|
conte

6.2.7

In ray

ided. Care should be taken to re-incorporate cream layers sticking to the\walls of ves;

Variation in non-protein-nitrogen (NPN)

R protein determination is merely based on absorption of infrared energy by the p
protein molecules, whereas with filter instruments, the eomponents of the NPN fr3
bute to the instrument signal at the wavelengths where{protein is measured. An ins
ibrated to produce a protein nitrogen (in accordance with ISO 8968-5|IDF 20-5) ora t
cordance with ISO 8968-1|IDF 20-1 or ISO 8968-2|IDF-20-2) based protein estimate
eldahl method.

, with traditional MLR calibrations, the choice'is made to use a protein calibration b
ben, it is assumed that the NPN content of the milk samples used to calibrate the i
ant from sample to sample within each €alibration set and from set to set. If the NPN
e to sample within the calibration set, distortions of the slope adjustment of the cor
e protein result can cause a larger:standard deviation of difference between the K
ren (TN) reference method and thé instrument, resulting in reduced accuracy. Conse

er might require re-adjustmient of the calibration.[13]

Variation in citricacid

acid absorbs enefgy at 6,5 pm, i.e. where protein is typically determined. Variation
ht consequentlyheeds to be compensated for through the protein calibrations.

pH

v milk samples with lowered pH, an influence can be observed on the instrumental

mped by the
h11, therefore,
els and caps.

eptide bonds
iction hardly
[rument may
ptal nitrogen
measured by

nsed on total
nstrument is
| varies from
rected signal
(jeldahl total
Huently, with

n calibration on total nitrogen, variation in the average NPN level from one calibfration set to

in citric acid

readings for

fat, p

[otein, lactose, urea and freezing point. Below pH 6,4, readings for protein content

and freezing

point tend to be significantly lower, whereas those for fat and lactose tend to be higher than the values
obtained at pH 6,7.[10]

6.2.8

Preservatives

Preservatives can influence the IR response as well as the results of reference method analysis. These
effects can be different for different components and may vary between instrument configurations. It
is therefore important that these specific effects be examined before implementing any kind of sample
preservation in a calibration scheme.

Preservative effects may be assessed by comparing IR results on preserved and unpreserved portions of
the same samples. That can be done using blank samples (water) as well as milk samples. It is important
to note that preservative biases can differ for liquid and solid (tablet) preservatives having the same
active ingredient. Be also aware of the small dilution effect with added preservatives.

© ISO and IDF 2013 - All rights reserved
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If preservative biases are identified, their impact on IR results may be minimized by ensuring that the
instrument is calibrated using samples preserved in the same way as the routine test samples. In such
case, the reference method shall be performed on milk samples without preservative, unless it has been
previously demonstrated that preservative addition does not modify the results of the reference method
either through chemical properties or volume.

6.2.9 Product-matrix effects

In more complex products, there can be absorbing groups not related to the specific analyte that is being
tested. For example, added fat or protein from other sources might not be covered by the calibration for
a pure milk matrix; sugar added to ice-cream mix would result in an inflated estimate of the lactose
content of thf product.

7 Calibration of the instrument

7.1 Objective

onent
rthod.

It is essentia
being measul

to adjust the instrument’s signal so that for each level of concentration of the comp
ed, the instrumentreadingis closely approximate to the value given by the reference mg

If reference methods are not available or not feasible, alternative methods may be used, provided they
are adequatgdly validated.

Because infrpred instruments have different calibration systems,no specific procedure can be given.

The manufa
with the req
familiar with

7.2 Specti

The accuracy
sample selec
domain of th
application, {

turer shall supply the laboratories with the means to adjust the instrument to c
lirements given in this International Standard, Pérsons performing calibrations shot
the statistical principles behind the calibration algorithm used.

um calibration models

r and robustness of spectrum calibration models are dependent on the strategies us
Fion and calibration. Developed.calibration models are only valid for samples covered |

.g. sample type and concéntration range. The instrument should be calibrated on a

mply
hld be

bd for
by the

e calibration samples. The fitst step in calibration development is therefore to defipe the

series

of natural sa
factors affec
area. These i

mples. When calibration.samples are selected, care should be taken to ensure thatall
ting the accuracy of(calibration are covered within the limits of the defined appli
hclude the following:

major
ration

a) variability in combinations and ranges of the compositional and other parameters;

b) seasonal, geographic and genetic variability in the compositional and other parameters.

The calibratlon,may be performed using different techniques, e.g. multiple linear regression (MLR),
multivariatefalgorithms such as partial least square regression (PLS), locally weighted regression (LWR)
or artificial meuratmetworks{ANN—Ttreoptimattechmique mray beassessedfronr tross=vatidation,
where models are subsequently developed on parts of the data and tested on other parts[19]. Additional

information may be obtained from testing on an independent test set.

An important issue is the determination of the optimal number of variables (in MLR) or factors (in
multivariate calibrations). If too few variables or factors are used, an under-fitted solution is obtained,
which means that the model is not large enough to capture the important variability in the data. If
too many variables or factors are used, an over-fitted solution may be obtained, where much of the
redundancy in the infrared data are modelled. Both cases can result in poor predictions on future
samples. Generally, the best solution is the one giving the lowest root-mean-square error of cross-
validation (RMSECV) with the fewest variables 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
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prediction accuracy, random or systematic, which can indicate the need for more calibration samples or
a segmentation of the calibration region.

When calibration models 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 results obtained on the independent test set
are plotted, reference against infrared and residuals against reference to give a visual impression of
the performance of the calibration. After proper handling of eventual outliers, the standard error of
prediction (SEP) should not be significantly larger than RMSECV. If this is not the case, 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

ccarizavaancianofthao calilhaxation oot choald Lo o antad 141l S oot bla wnoay e axa bt 3 d
nece o AL _y, \f[\l_lullol\.lll Ul L1IIC CAITUT ALIVvIT oL LU o1fIUuITu v 1 \,l_l\,u\.\.,u urieIirn u\'\’\'l,l\-ul.ll\' ICouUuIto dr gy o alne On

an independent test set.

It is |advised to involve chemometric expertise for development and evaluation ¢f spectrum
calibfation models.

NOTE Spectral calibrations can be transferred to other instruments of the same type, provided spectrum
standgrdization is applied by adequate mathematical procedures.

7.3 |Core settings

Core gettings vary depending on the instrument, optical systemand application. Core setftings may be
achieyed through spectrum standardization and spectral calibration.

Core $ettings with a traditional calibration include:

a) gpin settings;

b) li[\earity settings;
) t

ercorrection factors.

—

7.4 |Checking the slope and intercept

7.4.1] General

Once [the spectrum calibration models or the core settings are established and verified (3ee Clause 6),
regular validation and,‘if-necessary, adjustment of slope and intercept should be used to fine tune the
instryment performanee and to account for changes in instrument or sample matrix factors.

NOTE It is intended that spectral calibrations or core settings preferably result in operatignal slope and
intercept values.close to 1 and 0, respectively.

7.4.2| Samples

Collect a certain number of samples representative of the total sample population being tested by the
instrument, and whose composition varies regularly over the entire range of values of each component
being measured. Normally, for the major milk components, the number of such samples should exceed 8.
More samples may be required for minor or non-traditional components.

The samples should show no sign of physical deterioration and be preserved with the preservative
normally used by the laboratory in routine test samples. Samples containing more than 106 somatic
cells per millilitre should be discarded.

An alternative method, using modified milk samples without interrelationships between major
components, is described.[15][16][17]

© ISO and IDF 2013 - All rights reserved 9


https://standardsiso.com/api/?name=b045e0c0f1ca3121af3eda03bdafbc11

IS0 9622:2013(E)

IDF 141:20

13(E)

7.4.3 Analyses

Analyse the individual samples in duplicate using the reference methods to give the results yj, and in
triplicate using the instrument to be calibrated to give the results x;.

7.4.4 Calculations

Calculate the arithmetic means, x and y, of the replicates for each individual sample and plot the values
obtained (x and y) on a graph to check that no outliers are present. If necessary, repeat the analyses.

For each component, determine the equation of regression: y = bx + a, the mean bias (67) and the residual

standard dey
each major c

In case eithe
the calculatd
the instrumg

Moreover, th
and optical d

f1ation, syx, from the regression. For cow’s milk, the value syx should not exceed 0,06
bmponent. Limit values for minor components will differ.

" the calculated regression coefficient, b, differs significantly from the operational sl
d regression coefficient, a, differs significantly from the operational intercept, recal
nt in accordance with the manufacturer’s instructions.

e calibration should be checked wheneverany major partofthe instriment (cell, homogg
eck) is serviced or changed.

8 Sampli

Sampling is
method is gij

It is import3
damaged or

Sample bott
laboratory w

Care is to be
large empty

g

ben in ISO 707|IDF 50.[11]

nt that the laboratory receive a sample which is truly representative and has not
hanged during transport or storage.

es should be fit for use, i.e. to transfer’test samples from the point of sampling {
ithout loss or damage.

exercised that sample bottles are’leakproof and that a proper empty volume is left.
yolume can facilitate churning; a too small empty volume can cause problems with m|

9 Determination

Follow the i
analysis, raw

10 Checki

hstructions giveiby the manufacturer for the measurement of milk samples. Pr
milk samples‘should be heated to (40 * 2) °C and mixed gently by inversion.

ng daily'short-term stability of the instrument

10.1 Genel

% for

pe or
brate

bnizer

ot part of the method specified in this Internationdl’\Standard. A recommended sampling

been
o the
A too

ixing.

jor to

al

Check, by analysing regularly one or more control (pilot) samples, that the results remain within
accepted tolerances, assuming that no change of the major physico-chemical characteristics of the
control material occurs during storage. This test is useful, not only for checking the instrument’s
stability during a working day, but also from day to day between two subsequent slope and intercept
checks; see 7.4.

10.2 Preparation and storage of control samples

Select a batch of the concerned matrix of average value for the concerned parameter and prepare
carefully, under constant agitation, as many subsamples as required for one or more working days. Keep
subsamples with a suitable preservative at (4 + 2) °C. Note that the preservative should be added to the
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bulk sample prior to splitting. Good quality preserved pasteurized or UHT milk can be stored safely for
2 weeks. Homogenized milk may be used only if the homogenization efficiency is checked separately.

NOTE

To verify the uniformity of subsamples, select at random a minimum of 10 subsamples from the batch.
Measure the subsamples as a series of single determinations on an IR instrument. Calculate the standard deviation
for the fat results. If this is below 0,015 % mass fraction, the uniformity is acceptable. Alternatively, a limit based
on the standard deviation of sample ss, ss being estimated from n replicates per sample (n = 2), can be applied:

1/2
se=[Sa2-(5.2/n)]" (5)
10.3 Analycic of control camplpc
Analyjse control samples on a regular basis. A separate control sample should be analysed before and
after pnalysis of routine test samples and at least three times per hour during continuous analysis.

Wher
the pi

10.4

In ord

ever a control sample result exceeds tolerances, the reliability of test results on all s
evious valid control sample, should be called into question.

Monitoring the analytical procedure

ler to monitor the quality of the whole analytical proceduréyincluding the instrumej

amples since

nt’s stability,

set up a control chart in accordance with ISO 8196-2|IDF 128-2:

10.5|Re-adjustment of instrument settings

10.5.1 Procedure

Actioh should be taken when

a) the cumulative arithmetic mean, m, is_for two consecutive measurements of the control sample
outside the same (upper or lower) confidence belt, indicating that the instrument is drifting; this
deviation should normally be in thesame direction as the deviations of the individual rgsults outside
the corresponding individual line, or

b) iflin three or four cases, the-individual control results fall near or outside the upper qr lower limit
fIr individual results,indicating a poor repeatability of the instrument due to the pdor quality of
the milk sample.

10.5.2 Quality control

In eagh case, first check the quality of the control milk sample by analysing, at least three|times, a new

sample of thesame control milk assumed to be in good condition. If the quality of the cqntrol milk is

poor, replace it.

If the quatity of the controt itk Samplie s 35atisfactory, purge and ctean tire measurement cell, zero-set
the instrument and run again, at least three times, the control milk. If the corresponding results fall
within the limits, it may be assumed that the detected drift was compensated for by the zero adjustment.
Analysis may then be resumed.

If the results again fall outside the limits, evaluate whether this is caused by a random error (that is,
poor instrument repeatability) or a systematic error (that is, inappropriate instrument calibration). In
each case, stop and check the appropriate instrument functions (see Clause 6) and, if necessary, re-
adjust the calibration (see 7Z.4). When completed, resume analysis and begin a new control chart.

Participation in proficiency testing is recommended.
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