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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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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

gove

rnments/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.
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Milk, milk products, infant formula and adult
nutritionals — Determination of minerals and trace
elements — Inductively coupled plasma atomic emission
spectrometry (ICP-AES) method

1 $cope

This|document specifies a method for the quantitative determination of calcium (Caj,.coppler (Cu), iron
(Fe),|magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), sodium’ (Na) and zinc (Zn)
using inductively coupled plasma atomic emission spectrometry (ICP-AES). Thé method {s applicable
for nmilk, dried milk, butter, cheese, whey, dried whey, infant formula and adult nutritiongl formula in
the rpnges given in Table 1.

Table 1 — Analytical ranges

Ca Cu Fe Mg Mn P K Na Zn
Lowgr analytical range?, 20 0,03 0,5 3 0,01 15 10 1( 0,2
inmg/100 g
Upp¢r analytical range?, 1280 | 1,2 20 120 1,0 800 | 2000 | 85p 18
inmg/100 g

a  doncentrations apply to
— mfilk and “ready-to-feed” liquids as-is, using a typical$ample size of 4 g per final analytical solution volumje of 25 ml and

— re¢constituted milk powder, infant formula powgdeps and adult nutritional powders (25 g into 200 g of water), using a
typicpl sample size of mass of the reconstituted slurry per final analytical solution volume of 25 ml.

Ranges for non-reconstituted dairy ingredjents (butter, cheese, whey powders, whey protein concentrates) are adjusted
propprtionally upward from these values based upon the sample size used for the ingredient. For example, if 0,6 g of cheese
is digested the ranges will be 4 g/0,6 g =.6,7 x higher.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references;the latest edition of the referenced document (including any amendments) applies.

ISO 448, Laberatory glassware — Single-volume pipettes

ISO 1042y .Laboratory glassware — One-mark volumetric flasks

[SO 3696, Water for analytical laboratory use — Specification and test methods

3 Terms and definitions
No terms and definitions are listed in this document.

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

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

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

© ISO and IDF 2018 - All rights reserved 1
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4 Principle

The organic matter is decomposed by wet digestion using nitric acid in a pressurized microwave
assisted wet digestion system or any other appropriate instrumentation for wet digestion and diluted.
An internal standard is used. The test and calibration solutions are atomized into plasma of an
inductively coupled plasma spectrometer and the emission is measured at appropriate wavelengths

using external calibration.

5 Reagents

WARNING H of-this-documenteaninvelve hazardous-materials;operations-andreagents.
This document does not propose to address all the safety problems associated with its use| It is
the responsibility of the user of this document to establish safety and health practices!

Use only redgents of recognized analytical grade, unless otherwise specified.

5.1 Water, complying with ISO 3696, grade 2, unless otherwise stated.

5.2 Nitridacid (HNO3), concentrated, with a mass fraction of 65 %.

5.3 Nitridacid solution (HNO3), 10 % volume fraction. Add one part'of HNO3 (5.2) to seven parts of
water and njix.

5.4 Eleme¢nt stock solutions of Ca, P, K (each of mass concentration p = 10 000 mg/1) and Cu, F¢, Mg,
Mn, Na, Zn (pach of p =1 000 mg/1).

Use a suital]
and multi-e

le element stock solution, preferably a certified one. Both single-element stock sol

u
ement stock solutions with an adequate Specification, stating the acid used (mostly IE

ions
eing

nitric acid) pnd the preparation technique, are commercially available. Do not use the element $tock
solution after the expiry date.

5.5 Standard solutions.

5.5.1 Gengral

Depending ¢n the scope, differéat multi-element standard solutions can be necessary. In general, ywhen
combining IEulti-element standard solutions, their chemical compatibility and possible hydrolysis of
the components shall be-faken into account. The examples given below also consider the measiyiring

range of varj
products.

The multi-e
(observe th¢

ious ICP-AESSinstruments and the expected concentration of the elements in milk and

ement standard solutions are considered stable for several months if stored in the
e expiry date specified by the manufacturer). Other combinations of elements at diff

milk

dark
Prent

concentrati

TS TTTay be USed, provided tiat the etement stock sotutions (54 are dituted withr thie Same

acid with a similar concentration that is used for the test solution so as to prepare a range of standards
that covers the concentration of the elements to be determined.

Store the standard working solutions in a high-density polyethylene bottle (6.6) so as to avoid any
contamination.

5.5.2 Standard working solution of Fe, p = 400 mg/1

Pipette 20,0 ml of Fe stock solution (5.4) into a 50 ml volumetric flask. Dilute with water to the 50 ml

mark. Trans

fer the standard working solution to a suitable storage bottle (6.6).

© ISO and IDF 2018 - All rights reserved
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5.5.3 Standard working solution of Cu, Mn and Zn, p = 50 mg Cu, 50 mg Mn and 200 mg Zn/1

Pipette 5,00 ml of Cu, 5,00 ml of Mn and 20,0 ml Zn of the concerned element stock solution (5.4) into a
100 ml volumetric flask. Dilute with water to the 100 ml mark. Transfer the standard working solution
to a suitable storage bottle (6.6).

5.6

5.7

Internal standard solution, for example, yttrium, indium or strontium, p =1 000 mg/1.

H202, with a volume fraction of 30 %.

6

nitri
and

Usu

6.1

6.2

6.3

6.4
5ml],

6.5

6.6

6.7
betw]

CleaI

pparatus

all glassware and plasticware, including the microwave digestion vessels, thoroug

laboratory apparatus, and in particular, the following.

Analytical balance, capable of weighing to the nearest 1 mg, witha readability of 0,1
One-mark volumetric flasks, of different nominal capacity) Class A in accordance wit
One-mark pipettes, of different nominal capacity, complying with the requirements o

Micropipettes, capable of adjusting to between'0,100 ml and 1,000 ml and to betwg
with plastic pipette tips.

Dispenser, capable of dispensing between 1 ml and 10 ml.
High-density polyethylene bottles, for storing the standard and sample solutions.

Pressurized microwave-assisted wet digestion system, with operator selectab
een 0 W and 1 800 W mi¢rowave power, provided with temperature and pressure cof

an air cooling device, equipped with appropriate vessels of capacity 75 ml, commercially

equiy

6.8
The

Falent.

ICP-AES instrument.

instrument shall be equipped with radial plasma as a minimum requirement. Axi

equallly aeceeptable. Background correction shall also be performed when necessary. Set

work

ing“conditions [e.g. viewing height, gas flows, radio frequency (RF) or plasma po

hly with the

C acid solution (5.3), rinse three times with water (5.1) and allow to dry. Store.the clean glassware
Jﬂasticware in a dust-free environment to ensure they are free of any contamihation w|
|

hen used.

mg.
h ISO 1042.

f 1SO 648.

en 1 ml and

e output of
trollers and
available or

il plasma is
tings of the
wer, sample

upta

kerate, integration time, number of replicates] shall be optimized according to the ma

hufacturer’s

instr

6.9

6.10

6.11

6.12

6.13

© ISO

uctions.
Water baths, capable of maintaining a temperature of 20 °C + 2 °C and 40 °C + 2 °C.
Appropriate grinding device.
Sampler tubes.
Cyclonic spray chamber.

Concentric nebulizer.

and IDF 2018 - All rights reserved
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7 Sampling

A representative sample should be sent to the laboratory. It should not be damaged or changed during
transport or storage. Sampling is not part of the method specified in this document. A recommended
sampling method is given in ISO 707 | IDF 50[1l.

Store the test sample in such a way that deterioration and change in its composition are prevented.

8 Preparation of test sample

8.1 Milk

Place the te

not evenly dispersed, warm the test sample slowly in a water bath (6.9) at 40 °C. Mix gently by inve

only. When

8.2 Dried

Transfer thd
with an airt
shaking and

8.3 Chee

Remove the
representat
device (6.10

If the test sa
treated sam|

Analyse the
shows unwg

9 Procedure

9.1 Test portion

9.1.1 Gen

If it is req
determinati

WARNING —

hnd whey

5t sample in the water bath (6.9) at 20 °C and mix carefully. If, in the case of milk, the

he sample is mixed thoroughly, cool it quickly in the water bath (6.9) at 20.°C

| milk, dried whey and infant formula

test sample into a container of capacity about twice the volumeof'the sample and proy
ight lid. Close the container immediately. Mix the milk powdép thoroughly by repea
inverting the container.

b€

ve of the cheese as it is usually consumed. Grind the test sample by means of a grir
). Quickly mix the whole mass and preferablygrind the mass again quickly.
mple cannot be ground (e.g. soft cheese)mix the whole sample thoroughly. Transfer thg

test sample as soon as possible after grinding. Do not examine any ground chees¢
nted mould growth or has started to deteriorate.

eral

uired-to check whether the repeatability requirement is met, carry out two s
pns‘under repeatability conditions.

fat is
rsion

rided
tedly

rind, smear or mouldy surface layer of the cheese;in such a way as to provide a test sample

1ding

pre-

ple, or a representative part of it, immediately into a container provided with an airtight lid.

that

ingle

When using a system running under pressure (e.g. pressurized microwave ass

sted

wet decomposition system), pay special attention to avoid any risk of explosion. Consider, in
particular, the size of test portion. In a decomposition vessel of about 75 ml, not more of any

sample sha

11 be digested corresponding to an amount of dry matter of 1 g.

9.1.2 Milk and whey

Weigh to the nearest 1 mg, 4 g of prepared test sample (8.1) in the microwave vessel (6.7) or
digestion tube.

© ISO and IDF 2018 - All rights reserved
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Dried milk, dried whey, infant formula, butter and cheese

Weigh to the nearest 1 mg, 1 g of prepared test sample (8.2) or 0,5 g butter or 0,5 g to 0,8 g cheese (8.3)
in the microwave vessel (6.7) for pressurized digestion. Weigh to the nearest 1 mg, 0,4 g to 0,5 g of
prepared test sample (8.2) or 0,3 g butter or 0,3 g cheese (8.3) into a digestion tube.

If the repeatability in the samples does not meet the criteria, make a pre-step to reduce variation of
homogeneity. Dissolve 25 g powder in 200 g water and then take an aliquot for analysis.

9.1.4 Blank test

Inp
the ¢
steps

The 4
9.2
9.2.1

9.2.1

Eithd
instr

9.2.1

Place
10 m
min

prog

Table 2 — Decomposition programme for pressurized microwave assisted digestid

NOTH

rattetwiththe procedure of the test portion, carry out a btank test using the same pr
ame amount of each reagent being added in the decomposition (9.2) and the determ
of the test portion.

idded quantities may be modified.
Decomposition of organic matter
Wet digestion

.1 General

r use pressurized microwave assisted wet djgestion system (6.7) or any
umentation for wet digestion.

.2 Pressurized microwave assisted wet digestion system with internal standard

the vessels containing the test sample (9:1.2 or 9.1.3) and blank (9.1.4) in a fume cu

| of nitric acid (5.2) and 0,125 ml of internal standard solution (5.6). Swirl gently an
before closing the vessel. Place the yessel into the microwave oven (6.7). Apply the de
ramme with the pressurized system mentioned in Table 2.

pcedure and
nation (9.3)

appropriate

bboard. Add
1l wait a few
composition

n system

Step Outset power Time Final temperature | Cooling system
w min °C
max. 1 800 20 180 to 200 Low
max. 1800 35 180 to 200 Low
0 15 <50 High

decoTlposition time, can be modified according to the type and size of test sample to analyse.

Fhe parameters, such as type and volume of reagent to be added, the microwav

b power and

9.3

Determination

9.3.1 Preparation of the test solution

9.3.1.1 Wetdigestion with internal standard

Cool the digested solution (9.2.1.2) to room temperature while reducing to atmospheric pressure.

Add 0,5 ml of H207 (5.7) to all tubes except the blanks, to neutralize the nitric vapour. Transfer the
content of the tube quantitatively in a sampler tube. Dilute to 25 ml with water. Mix thoroughly. If
necessary continue with the dilution procedure in 9.3.1.2.

© ISO
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9.3.1.2 Dilution

According to the type of test sample and element measured, dilute (dilution factor f1) the test solution
(9.3.1.1) by using the micropipette (6.4) in the required one-mark volumetric flasks (6.2).

NOTE

9.3.2

The concentration of nitric acid in the test solution after dilution is generally that of the nitric acid
solution (5.3).

ICP

-AES measurement

9.3.2.1 General

Establish apalytical lines, selectivity, limits of determination and quantification, precision,*!
working arda and interferences before operating the ICP-AES system.

Set the spectrometer at the required wavelength depending on the element (analyte) of

near

the

determinatipn (see Annex B). Each value is the average from at least three individual-measurements of

the test sample and standard solutions. Average the values if falling within an accepted range.

NOTE

9.3.2.2 Cglibration

An ionization buffer can be used if applicable.

The volumep and corresponding concentrations in Table 3 are given for guidance. Select both wjithin
the linear rgnge of the particular instrument used (at least five concentrations including zero mentber).
Transfer thg volumes of the solutions mentioned in Table 3 with a pipette (6.3 or 6.4) in six volumetric
flasks of 100 ml (6.2) respectively. Dilute with water to the mark and mix. The obtained calibration
solutions arg given in Table 3.
Calibration $olution shall have the same HNO3 coneéntration as the test solution after dilution (9.3,1.2).
Table|3 — Pipette scheme for calibration solutions and concentration of each element
Pipette (ml) Concentration (mg/1)
Flask number Element solution Flask number
1 2 3 4 5 6 1 2 3 4 5 6
0 1 2 3 4 5 Ca (5.4) 0 100 200 300 400 00
0 1 2 3 4 5 K (5.4) 0 100 200 300 | 400 500
0 1 2 3 4 5 P (5.4) 0 100 200 300 | 400 500
0 3 6 9 12 15 Na (5.4) 0 30 60 90 120 150
0 2 | 4 6 10 Mg (5.4) 0 20 | 40 60 | 80 | 100
0 1 2 3 5 Fe (5.5.2) 0 4 8 12 16 20
Eu{5-5-3) 9 0.1 1 15 2 b5
0 |02 2 3 | 4 5 Mn (5.5.3) 0 0,1 1 1,5 2 2,5
Zn (5.5.3) 0 0,4 4 6 8 10
40 40 40 40 40 40 HNO3 (5.3)
0510505 ]| 05| 05| 05 | Internal standard (5.6)

9.3.2.3 External calibration method

Aspirate the calibration solutions (9.3.2.2) in ascending order separately into the plasma and measure
the emission of the element to be determined. Results for the correlation coefficient should be better
than 0,999 5.

© ISO and IDF 2018 - All rights reserved
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9.3.2.4 Measurement of test solution

Measure the number of counts at the selected wavelength of the test solution (9.3.1) and the blank test
immediately after the calibration measurements under the same conditions. Dilute (dilution factor f7)
the test solution if its signal is above that of the highest standard, with the zero member. Repeat the
measurements. In order to check for any drift during the measurement, perform at least one quality
control continuing calibration verification (QC-CCV, result 100 + within 5 % of nominal) every 8 to 10
samples for each element. Some instruments will have an internal standard added on line to correct for
the drift.

10 caleuwlationandexpressionofresults——m———

10.]1 Calculation

Calcylate the element content, w, by using Formula (1) or Formula (2):
pxV
w, =——— X f, X 1
' mx1000 fixt, M
xV
w, =222y fx 2
m
wheie

]::1 is the Ca, K, Mg, P or Na content, in grams perkilogram, of the test sample using Fofmula (1);
2 is the Cu, Fe, Mn or Zn content, in milligraims per kilogram, of the test sample using Formula (2);

# isthe element mass concentration of the test solution (9.3.1), expressed in milligrams per litre,
calculated by the software of the JCP-AES;

V' isthe volume, in millilitres, &f digested solutions (V' = 25 ml) transferred quantitat{vely (9.3.1);
m is the mass, in grams, oftthe test sample used in the procedure (9.1.2 or 9.1.3);
fir is the dilution factor-ef the test solution carried out during the preparation step (9/3.1.2);

fo is the dilution faetor of the test solution carried out during the measurement step ({9.3.2.4).

The Internal standard will correct for a dilution. The blanks shall be within range of detedtion limit. If
theyjare not, cofirect the concentrations of the test solutions.

10.2 Expression of test results

Expriessthe test results in three sionificant fioures
p o o

11 Precision

11.1 General
Details of the interlaboratory test of the precision of the method are summarized in Annex A. The

values derived from the interlaboratory test are expressed for the 95 % probability level and may not
be applicable to analyte concentration ranges and/or matrices other than those given in Annex A.

© ISO and IDF 2018 - All rights reserved 7


https://standardsiso.com/api/?name=998c9014d3b390b4bd0d5c5fa1c8ed08

ISO 15151:2018(E)
IDF 229:2018(E)

11.2 Repeatability

Method results are expected to have a coefficient of variation of repeatability, Cy, of 5 % or lower
as prescribed in the standard method performance requirements (SMPR). See Table A.1 for overall
repeatability and Annex A for detailed performance, respectively, for calcium, copper, iron, magnesium,
manganese, phosphorus, potassium, sodium and zinc.

11.3 Reproducibility

Method results are expected to have a coefficient of variation of reproducibility, Cy g, of 10 % or lower
as prescribed in the SMPR (< 16 % for Mn and Cu). See Table A.1 for overall reproducibility and Annex A
for detailed|performance, respectively, for calcium, copper, iron, magnesium, manganese, phosphprus,

potassium, §odium and zinc.

12 Test report

The test report shall at least include the following information:

a)

b)
c)
d)
€)
f)
g)

all the [information necessary for the identification of the sample (typé’of sample, origin and

designa|
arefere
the datg
the datg
the datg
the test

any ope

result(s).

ion of the sample;
nce to this document, i.e. ISO 15151 | IDF 229;

and type of sampling procedure (if known);

of receipt;

of test;
results and the units in which they have been expressed;

rations not specified in the method br-regarded as optional, which might have affected the
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Annex A

(informative)

Precision data

ISO 15151:2018(E)
IDF 229:2018(E)

The data given in Tables A.1 to A.18 were obtained in an international interlaboratory study organized
in 2016 in accordance with ISO 5725-2[2] and AOAC-IUPAC harmonized protocol for collaborative study

procgdures, to access precision characteristics of a method of analysisl3l. The study wa

basefl on requirements given in Reference [4].

Table A.1 — Precision data for calcium in milk and milk products

5 performed

Sample 1a 2b 3c 4d 5e 6f 78
Year|of interlaboratory test 2016 2016 2016 2016 2016 2014 2016
Number of laboratories 14 13 13 13 13 13 13
Nuniber of non-compliant laboratories 2 2 2 2 2
Number of outliers (laboratories) 0
Nl_lm ber_oflabor_atorles after 12 11 10 9 11 7 11
elimnating outliers
Number of accepted results 24 22 20 18 22 14 20
Mean value, mg/100 g 530 116 105 709 689 19,8 494
Repegatability standard deviation, s, 12,7 7189 3,45 10,3 33,5 0,42 837
mg/100 g
Reptioducibility standard deviation, sg, 24,7 6,77 8,61 237 378 1,62 19,2
mg/100 g
?sp( z:\)tablhty coefficient of variation, > 40 248 3,28 145 486 21 1,69

1

Repr 0@uc1b111ty coefficient of 4,65 5,82 819 3,3 5,49 8.2 3,88
varigtion, Cyg, %
HorRat value 1,06 1,05 1,46 0,79 1,30 1,14 0,87
a  4RM 1849a, b Whole milK)c Whole milk powder, d Whey powder, ¢ Whey protein concentrate, f Butter, g Cheese.
NOTIE 1 SRM 1849a, whole milk, whey powder, whey protein concentrate, butter and cheese results are|expressed as
mg/100 g “as is”. Wholesmilk powder results are expressed as mg/100 g reconstituted final product.
NOTE 2 SRM 1849a’is the trade name of a product supplied by NIST. This information is given for the converlience of users
of this documeént.and does not constitute an endorsement by ISO or IDF of the product named. Equivalent pr¢ducts may be
used|if they-can be shown to lead to the same results.

Table A.2 — Precision.data f inmilk and mill l

Sample 1a 2b 3c 4d 5e 6f 78
Year of interlaboratory test 2016 2016 2016 2016 2016 2016 2016
Number of laboratories 14 13 13 13 13 13 13
Number of non-compliant laboratories
Number of outliers (laboratories) 2 0
e e e HEEEERERERE

NOTE

a  SRM 1849a, b Whole milk, ¢ Whole milk powder, d Whey powder, ¢ Whey protein concentrate, f Butter, g Cheese.

SRM 1849a, whole milk, whey powder, whey protein concentrate, butter and cheese results are expressed as
mg/100 g “as is”. Whole milk powder results are expressed as mg/100 g reconstituted final product.
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Table A.2 (continued)

Sample 1a 2b 3c 4d 5e 6f 78
Number of accepted results 24 14 20 18 22 12 18
Mean value, mg/100 g 1,95 0,007 0,006 0,049 0,122 0,023 0,054
Repeatability standard deviation, s, 0,053 0,000 0,001 0,004 0,008 . 0,004
mg/100 g
Reproducibility standard deviation, 0,099 0,005 0,004 0,024 0,025 . 0,030
sg,mg/100 g
Rep.ea'tabilityV coefficient of 271 41 20.7 340 6.4 . 76
variation, Cy, %
Reproduc1bl ity coefficient of 5,09 78,2 71,3 485 20,7 . 56,1
variation, Ci{g, %
HorRat valu¢ 0,50 3,27 2,91 2,72 1,33 0 3,20
a  SRM 1849a, P Whole milk, ¢ Whole milk powder, d Whey powder, ¢ Whey protein concentrate, f Butter, 8 Cheese.
NOTE SRM |1849a, whole milk, whey powder, whey protein concentrate, butter and cheese results are expressgd as
mg/100 g “as |s”. Whole milk powder results are expressed as mg/100 g reconstituted final product.

Table A.3 — Precision data for iron in milk and milk products

Sample 1a 2b 3¢ 4d 5e 6f 78
Year of inter|aboratory test 2016 2016 2016 2016 2016 2016 2016
Number of 13boratories 14 13 13 13 13 13 13
Number of non-compliant laboratories 2 6 6 4 4 8 b
Number of oputliers (laboratories) 0 2 0 0 2 1 §
Npm_ber_ofh bor.atories after 12 5 7 9 - 4 -
eliminating putliers
Number of afcepted results 24 10 14 18 14 8 10
Mean value, [mg/100 g 17,4 0,016 0,033 0,338 0,662 0,030 0,174
Repeatability standard deviation, s, 0,23 0,00 0,01 0,13 0,021 L 0lo2
mg/100 g
Reproducibility standard deviation, sg; 0,75 0,01 0,02 0,20 011 L 0lo3
mg/100 g
Repeatabilitly coefficient of variation, 1,30 16 21 370 313 . 1o
CVlr, %
Reproducibility coefficient of 434 35 49 59 16,3 . 10

variation, Ci{g, %
HorRat valug 0,59 1,69 2,58 4,40 1,35 — 134
a  SRM 1849a, b Whole milk, ¢ Whole milk powder, d Whey powder, € Whey protein concentrate, f Butter, g Cheese.

NOTE SRM| 18%9a, whole milk, whey powder, whey protein concentrate, butter and cheese results are expresspd as
mg/100 g “as IS*"Whole milKk pOWder TESUITS are eXpressed as mg/ 100 g reconstituted final product.

Table A.4 — Precision data for potassium in milk and milk products

Sample 1a 2b 3c 4d 5e 6f 78
Year of interlaboratory test 2016 2016 2016 2016 2016 2016 2016
Number of laboratories 14 13 13 13 13 13 13
Number of non-compliant laboratories 2 2 2 2 2 2
Number of outliers (laboratories) 0 0 0 0 0 1
a  SRM 1849a, b Whole milk, ¢ Whole milk powder, d Whey powder, ¢ Whey protein concentrate, f Butter, g Cheese.
NOTE SRM 1849a, whole milk, whey powder, whey protein concentrate, butter and cheese results are expressed as
mg/100 g “as is”. Whole milk powder results are expressed as mg/100 g reconstituted final product.
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Table A.4 (continued)

Sample 1a 2b 3c 4d 5e 6f 78
N1_1rr1_ber_oflabor_atories after 12 1 11 1 11 10 10
eliminating outliers
Number of accepted results 24 22 22 22 22 20 20
Mean value, mg/100 g 932 157 130 1868 788 40,7 98,7
Repeatability standard deviation, s, 36,9 3,64 163 235 10,6 2.9 1,59
mg/100 g
Reproducibility standard deviation, 491 10.2 973 287 c7 6 ag 75
SR, Mg/ 100
Repe a.tability coefficient of 396 2,32 125 1,26 1,34 2 161
varigtion, Cyr, %

Repr o@ucibility coefficient of 452 6,49 746 15,4 736 21,6 76
varigtion, Cyg, %
HorRat value 1,12 1,23 1,37 4,22 1576 3,34 1,34

NOTE SRM 1849a, whole milk, whey powder, whey protein concentrate, butter*and cheese results are
mg/100 g “as is”. Whole milk powder results are expressed as mg/100 g reconstitufed final product.

a  4RM 1849a, b Whole milk, ¢ Whole milk powder, d Whey powder, ¢ Whey protein concéntrate, f Butter, & Cheese.

expressed as

Table A.5 — Precision data for magnesium in milk and milk products

Sample 1a 2b 3c 4d 5e 6f 78
Year|of interlaboratory test 2016 2016 2016 2016 2016 2016 2016
Number of laboratories 14 13 13 13 13 13 13
Nuniber of non-compliant laboratories 4
Numlber of outliers (laboratories) 0 0
Nl_lm ber_oflabor_atories after 15 11 11 9 11 9 9
elimnating outliers
Number of accepted results 24 22 22 18 22 18 18
Mean value, mg/100 g 163 10,2 9,24 202 73,4 1,94 19,9
Repegatability standard deviation;s,, 295 0.3 0,352 313 0,815 0,164 0,511
mg/100 g
Reproducibility standard-deviation, sg, 5,68 0,9 0,873 91 3,61 0,537 1,72
mg/100 g
Rep_e a.tability coefficient of 1,81 2 3,81 1,55 111 8,5 257
varigtion, Cy,r, %
Repr o.ducibility coefficient of 3,48 9 9,44 45 492 277 87
varigtion, €yr, %
HorRatvalue 0,66 1,08 1,17 0,88 0,83 2,71 1,20

a  SRM 18493, b Whole milk, © Whole milk powder, @ Whey powder, € Whey protein concentrate, T Butter, 8 Cheese.

NOTE SRM 1849a, whole milk, whey powder, whey protein concentrate, butter and cheese results are expressed as
mg/100 g “as is”. Whole milk powder results are expressed as mg/100 g reconstituted final product.

© ISO and IDF 2018 - All rights reserved
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Table A.6 — Precision data for manganese in milk and milk products

Sample 1a 2b 3c 4d 5e 6f 78
Year of interlaboratory test 2016 2016 2016 2016 2016 2016 2016
Number of laboratories 14 13 13 13 13 13 13
Number of non-compliant laboratories 2 4 4 5 5 8 5
Number of outliers (laboratories) 0 3 2

Number of laboratories after

o : 12 6 7 7 6 3 7
eliminating outliers
Number of accepted results 24 12 14 14 12 6 14
Mean value, mg/100 g 4,89 0,002 0,002 0,009 0,009 0,001 0 0,4)13
Repeatability standard deviation, s, 0,088 . 0,000 0,004 . . 0'(L02
mg/100 g
Reproducibility standard deviation, 0,221 . 0,001 0,005 — = 0,005
s, mg/100 g
Rep'ea_tablllty coefficient of 181 . 33 38 — — 11ks31
variation, Cy,, %
Reproducibility coefficient of 4,51 o 42,5 50 — — 39U447

variation, Ci{gr, %
HorRat valug 0,51 — 1,49 2,20 — — 1,824
a  SRM 1849a, b Whole milk, ¢ Whole milk powder, d Whey powder, ¢ Whey protein concentrate, f Butter, 8 Cheese.

NOTE SRM |1849a, whole milk, whey powder, whey protein concentrate;"\butter and cheese results are expressgd as
mg/100 g “as |s”. Whole milk powder results are expressed as mg/100 g reconstituted final product.

Table A.7 — Precision data for sodiuniiin milk and milk products

Sample 1a 20 3¢ 4d 5e 6f T8
Year of inter|aboratory test 2016 2016 2016 2016 2016 2016 2016
Number of 1aboratories 14 13 13 13 13 13 13
Number of non-compliant laboratories 2 2 2 2 2 2 §
Number of outliers (laboratories) 0 0 0 2 0 1 D

Number of 1dboratories after

e . 12 11 11 9 11 10 10
eliminating putliers
Number of afcepted results 22 22 22 18 22 20 20
Mean value,[mg/100 g 427 36,7 33,5 933 261 243 92
Repeatability standard deviation, sy, 76 0,93 0,575 423 5,50 77 141
mg/100 g
Reproducibility standard deviation, sg, 10,9 1,99 2,42 54 13,2 141 88,4
mg/100 g
Repeatability celefficient of T.78 757 T72Z Z57 ZTT 37 T,46
variation, Cyr, %
Reproducibility coefficient of 254 5,43 724 5,7 5,04 5.8 8,59

variation, Cyg, %
HorRat value 0,56 0,83 1,09 1,42 1,03 1,17 2,14
a  SRM 1849a, P Whole milk, ¢ Whole milk powder, d Whey powder, e Whey protein concentrate, f Butter, 8 Cheese.

NOTE SRM 1849a, whole milk, whey powder, whey protein concentrate, butter and cheese results are expressed as
mg/100 g “as is”. Whole milk powder results are expressed as mg/100 g reconstituted final product.
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Table A.8 — Precision data for phosphorus in milk and milk products

Sample 12 2b 3c 4d 5e 6f 78
Year of interlaboratory test 2016 2016 2016 2016 2016 2016 2016
Number of laboratories 13 12 12 12 12 12 12
Number of non-compliant laboratories 2
Number of outliers (laboratories)
Nl_lrn_ber_oflabor_atories after 11 10 9 8 10 9 9
eliminating outliers
Number of accepted results 22 20 18 16 20 18 18
Mean value, mg/100 g 401 94,6 85,8 991 501 254 827
Repe¢atability standard deviation, sy, 11.8 2,82 233 12,9 9,01 0,92 16,5
mg/100 g
Repioducibility standard deviation, 18,5 3,89 5,38 56 209 2,56 59,0
SR, mg/100 g
Repgatability coefficient of 204 | 298 | 272 | 130() 180 | 363 | 199
varigtion, Cyr, %
Repr qducibility coefficient of 462 411 6,27 5.7 417 101 713
varidtion, Cy g, %
HorRat value 1,01 0,72 1,08 1,42 0,94 1,45 1,73

NOTE

a  4RM 1849a, b Whole milk, ¢ Whole milk powder, d Whey powder, e Whey protein concentrate, f Butter, & C

SRM 1849a, whole milk, whey powder, whey protein contentrate, butter and cheese results are
mg/100 g “as is”. Whole milk powder results are expressed as mg/400 g reconstituted final product.

heese.

expressed as

Table A.9 — Precision data for'zinc in milk and milk products

Sample 1a 2b 3c 4d 5e 6f 78
Year|of interlaboratory test 2016 2016 2016 2016 2016 2016 2016
Numpber of laboratories 14 13 13 13 13 13 13
Nuniber of non-compliant laboratories 2 2 5
Numlber of outliers (laboratories) 1 2
Nl_lm ber_oflabor_atories after 12 9 10 9 9 6 9
elimjnating outliers
Number of accepted results 24 20 20 18 18 12 18
Mean value, mg/100.g 15,2 0,375 0,357 0,127 0,788 0,064 2,4
Repeéatability standard deviation, sy, 0,559 0,013 0,011 0,008 0,021 . 01
mg/100 g
Repyoducibility standard deviation, sg, 0,80 0,020 0,029 0,086 0,089 . 0.1
mg/100's
Reps nlfnhi]ifv coefficient of 3569 357 307 5T 753 — 24
variation, Cyr, %
Repro@ucibility coefficient of 5,26 5,27 8,17 672 11,3 . 48
variation, Cy g, %
HorRat value 0,70 0,40 0,62 4,36 0,96 — 0,48

NOTE

a  SRM 1849a, b Whole milk, ¢ Whole milk powder, d Whey powder, e Whey protein concentrate, f Butter, 8 Cheese.

SRM 1849a, whole milk, whey powder, whey protein concentrate, butter and cheese results are expressed as
mg/100 g “as is”. Whole milk powder results are expressed as mg/100 g reconstituted final product.

© ISO and IDF 2018 - All rights reserved
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