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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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INTERNATIONAL STANDARD

ISO 21468:2020(E)

Infant formula and adult nutritionals — Determination of
free and total choline and free and total carnitine — Liquid
chromatography tandem mass spectrometry (HPLC-MS/MS)

1

Scope

This|document specifies a method for the determination of total or free choline and carnit
formula and adult nutritionals by liquid chromatography and tandem mass spectrometry. (HH

2

Normative references

Therk are no normative references in this document.

Terms and definitions

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

ISO gnd [EC maintain terminological databases for use in standardization at the following z

3.1

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

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

adulf nutritional
nutritionally complete, specially formulated food, consumed in liquid form, which may co

sole

source of nourishment, made friom any combination of milk, soy, rice, whey, hydroly]

stardh and amino acids, with and without intact protein

3.2

infant formula
breapt-milk substitute specially manufactured to satisfy, by itself, the nutritional requ
infants during the firstmonths of life up to the introduction of appropriate complementary

[SOURCE: Codex Standard 72-1981]

4

Principle

Samplesare extracted in water for free carnitine and choline. For total carnitine and chol
are digested with nitric acid and microwave-assisted heating. Free and total extracts are
with water, mixed with acetonitrile, and analysed using liquid chromatography (LC) with tandem mass
spectrometric (MS/MS) detection.

5

ine in infant
LC-MS/MS).

ddresses:

nstitute the
sed protein,

irements of
feeding

ne, samples

Reagents and materials

both diluted

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and high
purity MS grade water or water of equivalent purity.

Non-specific binding can occur with these analytes when using glassware, so plasticware should be used
at all times for standard/sample preparation. All laboratory plasticware should be single use whenever
possible. Positive displacement pipets are also mandatory for pipetting to avoid contamination and for
accuracy with organic solvents.

© IS0 2020 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=7ad185f3a8b66356aca04745556ec56b

ISO 21468

5.1

5.2

5.3

:2020(E)

Water, purified, MS grade or equivalent purity.
Acetonitrile, MS grade.
Ammonium formate, MS grade or equivalent.

Formic acid, MS grade or equivalent.

acid, a mass fraction of 70 %, ACS grade or equivalent.

5.4
5.5 Nitric
WARNING
necessary
5.6 Isopr
5.7 Desic
5.8
5.9

5.10 L-carmitine-d; HCL, primary reference standard.

5.11 Choligpe-1,1,2,2-d, chloride, primary reference standard.

6 Prepa
CAUTION -

water and isopropanol.

6.1 Mobi

A mixture (
acetonitrile

Weigh 0,32
Add a stir b
formic acid 1
2 min. The s

L-carnitine, inner salt, primary reference standard. Store in a desiccatot:

Choline bitartrate, primary reference standard.

All preparation steps with nitric acid should be performed within a fume hoed
ersonal protective equipment should be used when handling.

ppanol, MS grade or equivalent.

cant.

ration of solutions

- All mobile phase bottles should'be rinsed thoroughly prior to use with pur]

le phase A

f 1 part per volume,of 5 mmol/l ammonium formate in water and 1 part per volur
with 0,2 % formicacid.

b + 0,01g of amMmonium formate into a 1 1 bottle (7.16) containing 500 ml of purified w
ar and then‘miX on a stir plate until dissolved. Add 500 ml of acetonitrile and 2,00
o the mobile phase container. Mix on a stir plate until thoroughly mixed, typically for g
olution-is'stable for two weeks when stored at room temperature.

The

ified

ne of

rater.
ul of
bout

6.2 Mobi

|é-phase B

A mixture of 1 part per volume of 30 mmol/l of ammonium formate in water and 1 part per volume of

acetonitrile,

with 0,2 % formic acid.

Weigh 1,89 g + 0,01g of ammonium formate into a 1 I mobile phase bottle containing 500 ml of purified
water. Add a stir bar and then mix on a stir plate until dissolved. Add 500 ml of acetonitrile and 2,00 pl
of formic acid to the mobile phase container. Mix on a stir plate until thoroughly mixed, typically for

about 2 min

. The solution is stable for two weeks when stored at room temperature.

6.3 HPLC injector wash

Mobile phas

e B (see 6.2) or as recommended by supplier.

© IS0 2020 - All rights reserved
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Preparation of choline and carnitine stock solutions

6.4.1 Stock and working standards are stable for six months when stored in a refrigerator set to
maintain 2 °C to 8 °C. Protect standard solutions from actinic light. Alternate weights or volumes may be

used

to scale these preparations.

6.4.2 Choline stock solution, mass concentration, p * 25 mg/ml.

Weigh 0,520 0 g + 0,01 g of choline bitartrate into a 20 ml polypropylene container. Dissolve with
10,0 ml of purified water. Correct the final concentration of this solution for purity, moisture, and form

to representfree—chetreton—concentratoninselnbon—themoleemtam—weishM¥Wefeholine ion is
104,17, The MW of choline bitartrate is 253,25.
6.4.3 Carnitine stock solution, p ~ 25 mg/ml.
Weigh 0,250 0 g + 0,01 g of carnitine into a 20 ml polypropylene vial. Bissolve with 10,0 ml of
purified water.
Corrgct for moisture content and purity to represent carnitine concentfdtion.
6.4.4 L-carnitine-d; stock solution, IS 1, p ~ 2,00 mg/ml.
Weigh 0,025 g + 0,001 g of L-carnitine-d; HCl into a 20 ml polypropylene vial. Dissolve with 10,0 ml of
purified water.
6.4.3 Choline-1,1,2,2-d, stock solution, IS 2, p ~ 2,00 mg/ml.
Weigh 0,031 00 g + 0,001 g of choline-1,1,2,2-d ;,chloride into a 20 ml polypropylene container. Dissolve
with|10,0 ml of purified water.
6.5 | Preparation of working standard solutions
6.5.1 Prepare the working standard solutions according to Table 1 in polypropylene vials.
Table? — Preparation of working standard solutions
CS:I:ICI;::_ Source Purified Final Prepared Extracted
Starpdard Source 2 volume water volume | concentration | conpcentration
solution | solutior’ID | tration
mg/ml ml ml ml pg/ml ng/ml
stock
STD 6 solutions 25,0 2,00 each 6,00 10,0 5000 5000
(6.4.2, 6.4.3)
STDS stock
solutions 25,0 1,60 each 6,80 10,0 4000 4000
(6.4.2, 6.4.3)
STD 4 stock
solutions 25,0 0,800 each 8,40 10,0 2000 2000
(6.4.2, 6.4.3)
STD 3 STD6 5,00 1,00 9,00 10,0 500 500
STD 2 STD3 0,500 0,400 9,60 10,0 20 20
STD 1 STD3 0,500 0,200 9,80 10,0 10 10
NOTE Alternate masses or volumes may be used to scale these preparations.
© IS0 2020 - All rights reserved 3
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6.5.2 Mixture of L-carnitine-d; and choline-1,1,2,2-d, internal standard working solution (IWS),
p =200 pg/ml.

Transfer 10 ml of IS 1 solution (6.4.4) and 10 ml of IS 2 solution (6.4.5) into a 100 ml tube (7.13). Add
80 ml of purified water to bring to a final volume of 100 ml.

7 Apparatus

7.1 HPLC system, Prominence (Shimadzu, Kyoto, Japan)!) or equivalent.

7.2 MS/MS system, APl 4000 with Electrospray lonization (ESI) (ABSciex, Framingham, MA)D or
equivalent.

7.3 Mass spectrometry software, Analyst (ABSciex)1) or equivalent.

7.4 Analytical column, Zorbax 300-SCX, 3,0 mm x 50 mm, 5 um (Agilent, Santa Clara, CA)!) or
equivalent.

7.5 Microwave, a commercial microwave designed for laboratory use, with’a closed-vessel systenp and
controlled temperature ramping capability. Use manufacturer-recomuniénded vessels, i.e. MARSHYD or
equivalent.

7.6 Microwave turntable, liner, and cap., MARSXpress1), 55 ml PFA Teflon®1), 40 position (CEM)V or
equivalent.

7.7 Vortex mixer.

7.8 Analytical balance, precision to 0,001 g.
7.9 Horizpntal shaker.

7.10 Magnetic stir plate.

7.11 Positive displacement pipets.

7.12 Repeater positive/displacement pipet.

7.13 Polyp[opylene tubes, assorted sizes

7.14 Digestion vessels for microwave digestion.

7.15 Graduated polypropylene tube, e.g. Digitube®1) or equivalent.
7.16 Glass containers, 11to2 | bottle.
7.17 Syringe filters, 0,45 pum PTFE (polytetrafluorethene).

7.18 Disposable syringes, 3 ml.

1) Thisis an example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute and endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.

4 © IS0 2020 - All rights reserved
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7.20
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7.22

7.23
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Graduated cylinders, assorted sizes.

Magnetic stir bars.

Autosampler vials and caps, 1,5 ml silanized crimp top.
Microcentrifuge tubes, 1,5 ml polypropylene.

Bottle top dispenser, 5 ml acid resistant.

7.24

8 1

8.1

8.1.1

Desiccator, glass.

Procedure
Sample preparation

Samples needing reconstitution

Weigh 10,00 g + 0,500 g of sample in a suitable disposable cup or-béaker. Add purified water

total
with

Mass

8.1.2

Weig
depe
reag
and t

Add
thesd
6.5t

Add
solut

Dilut]
samyj

If ful

mass (including the powder mass) to 100,00 g + 1,00 g<Add a stir bar and stir as fas
but causing the sample to splatter. Stir for at least 10 min, but no longer than 30 min.

es may be adjusted as needed to accommodate different powder types and levels of an

Analysis of free carnitine and choline

h 0,1 g to 1,0 g of ready-to-feed (RTF}~or reconstituted sample into a tared 50 ml
nding on the concentration of each.analyte (to fall within calibration curve). A reag
ent blank + internal standard (ISTD), and working standards shall be included for e
reated the same as samples thraugh the analysis.

to bring the
L as possible

alytes.

tube (7.15)
ent blank, a
hch analysis

b0 pl of each working solution'to separate 50 ml tubes (7.15). The final nominal concetrations for

e after they have gone through the sample preparation (diluted 1 000 times) are liste
b be used for construction of the calibration curve.

50 pl of mixed internal standard working solution (6.5.2) to each sample, workin
ions and reagentblank + ISTD.

e to 25 ml'with purified water, cap, and thoroughly mix the sample on a horizontal
le extract,is stable for three days when stored refrigerated and protected from light.

thet, dilution of samples is required, dilute the samples to appropriate concentratio

d in 6.4 and

g standards

shaker. This

hs using the

reag

ent’blank + ISTD using polypropylene vessels to do the dilutions.

Transfer a 0,5 ml aliquot of extract into a microcentrifuge tube, along with 0,5 ml of acetonitrile. Mix well.

Filter samples through a syringe filter (7Z.17) into a silanized injection vial. Standards do not need to be
filtered through the syringe filter. This sample extract is stable for three days when stored refrigerated
and protected from light.

8.1.3 Analysis of total carnitine and choline

Weigh 0,1 g to 1,0 g of RTF or reconstituted sample into a tared microwave digestion vessel (7.14)

depe

© ISO

nding on the concentration of each analyte (to fall within calibration curve).
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For viscous (high fat, high protein) ready to feed samples, perform a pre-dilution by weighing 1,0 g of
sample and adding purified water to a final mass of 5,0 g into a suitable plastic container. Mix well prior
to weighing into the 55 ml vessel (7.14).

A reagent blank, a reagent blank + ISTD, and working standards shall be included for each analysis and

are treated

the same as samples through the analysis.

Add 50 pl of each working solution to separate 50 ml tubes (7.15). The final nominal concentrations for
these after they have gone through the sample preparation (diluted 1 000 times) are listed in 6.4 and
6.5 to be used for construction of the calibration curve.

Add 50 ul of mixed internal standard \Amrl(ing solution (IWQ [ 7) to each cnmplp and reggent

blank + IST
Add 5 ml] of

(7.23).Cap

Insert the v{
the followin|

Allow the ve

the loss of s

Quantitativg

dilutetoav

If further d

reagent blar

Transfera 0,

Filter samp
need to be f

Cap and the

stable for 24

8.2 Instr

8.2.1 HPLCparameters

power 4
ramp td
hold tin

temper:

D.

purified water and 2,5 ml of a volume fraction of 70 % nitric acid with a bottle top disp4
ightly or use a capping station. Mix the sample by either vortexing or inverting;

ssels into their appropriate sleeves and into the turntable. Microwave the'samples follo
io conditions:

1000W;
temperature: 10 min;
le: 40 min;

ture: 120 °C.

ssels to complete the cooling process in the microwave before removing the caps to pr¢
nmple through pressure release.

ly transfer the contents of the vessels into 50 ml tubes (7.15) using purified water
blume of 25 ml with purified water.

lution of samples is required, dilute the samples to appropriate concentrations usin
k + ISTD and polypropylene vessels to do the dilutions.

5 ml aliquot of extract intga'silanized injection vial, along with 0,5 ml of acetonitrile. Mix

es through a 0,45 pym\PTFE syringe filter into a microcentrifuge tube. Standards d
Itered through thefsyringe filter.

h mix well by shaking or vortexing the vials. Prepared sample extracts in injection vial
h while storéd 2 °C to 8 °C and protected from light.

iment parameters

tnser

wing

rvent

and

o the

well.

D not

S are

The parameters given in Tables 2 and 3 apply to the Zorbax 300-SCX column. See Annex A for typical

chromatogr

ams.
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Table 2 — HPLC parameters
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Column Zorbax 300-SCX, 3,0 mm x 50 mm, 5 um

Mobile phase A mixture of 1 part per volume of 5 x 10-3 mol/l ammonium formate in water
and 1 part per volume of acetonitrile, with 0,2 % formic acid

Mobile phase B mixture of 1 part per volume of 30 x 10~3 mol/1 of ammonium formate in

water and 1 part per volume of acetonitrile, with 0,2 % formic acid

Injection volume

1 ulto 10 pl

Runtime 4,2 min

Table 3 — Gradient programme

Time Flow rate Phase B

min ml/min %

0 1,00 0
1,0 1,00 0
1,5 1,00 100
2,5 1,00 100
3,0 1,00 0
4,2 1,00 0

8.2.21 LC-MS parameters

The MS/MS settings in Tables 4 and 5 may be modified except for ionization type and mofde to obtain
optilmum chromatography and sensitivity. Exact.mass ions may vary slightly from instrument to

instrjument because of unit resolution of quadrupole mass spectrometers.

Table 4'— LC-MS parameters

LC-MS model Sciex 4000 Sciex 6500
Ionization mode Positive ion electorspray (ESI+) | Positive ion electorspray (ESI+)
IonSpray voltage 1000V 2000V
Turbo lonSpray temperature 550°C 550°C
Entrance potential{(EP) 10V 0oV

Collision gas (CAD)

nitrogen, 5,0

nitrogen, 5,0

Curtain gasACUR)

nitrogen, 20,0

nitrogen, 20,0

Nebulizingrgas (GS1)

nitrogen, 60,0

nitrogen, 60,0

Nebulizivig gas (GS2)

nitrogen, 60,0

nitrogen, 60,0

Néedle position

Y=5mm,X=5mm

Y=5mm,X=5mm

© IS0 2020 - All rights reserved
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Table 4 (continued)

LC-MS model Agilent 6490
Ionization mode Positive ion electorspray (ESI+)
Fragmentor 380V
Cell accelerator 5V
Gas temperature 200 °C
Gas flow 20 1/min
Nebulizer 207 kPa (30 psi)
Sheath-gas-temperature 22526
Sheath gas flow 11 I/min
Capillgry + 1500V
Nozzle voltage + 500V
High pressure RF + 200V
Low gressure RF + 100V

LC-MS model Waters TQD
lonizdtion mode Positive ion electorspray (ESI+)
Capillpry voltage 2000V
RF lens voltage 0,1eV
Source temperature 150 °C
Nebulizer temperature 450 °C
API gas on
Nebulizer gas nitrogen
Desolyation gas 900 1/h, nitrfogen
Cone gas 50 1/h,nitrogen
Collisjon gas 0,25.fal/min, argon

Table 5 — LC-MS settings

. Transition Dwell time Collision energy Retgntilon

Analyte T:::/stltlon monitored time
ype Q1/Qs? ms? va min

carniting quahtitation 162,0/103,0 80 25 1,7
carnitine{d; inteépnal standard 165,0/103,0 80 25 1,7
carniting qualifier 162,0/84,4 40 29 1,7
carniting qualifier 162,0/59,1 40 27 1,7
choline quantitation 104,2/60,0 80 25 2,1
choline qualifier 104,2/42,2 80 25 2,1
choline-d, internal standard 108,2/60,0 40 25 2,1

a  Settings listed are for Sciex series of LCMS. Precursor/product masses and instrument settings may vary.

9 (Calculations

Integrate the peak areas of the analytes and internal standards in both the sample and standard
injections. Peak areas of reference standard analyte quantitation ions are divided by the corresponding
internal standard peak areas to obtain relative analyte responses (normalized to IS). Relative responses
of each analyte in the calibration standards are plotted on the y-axis against their corresponding

concentrations on the x-axis to generate calibration curves with linear fit and 1/x% weighting for all

© IS0 2020 - All rights reserved
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compounds. Carnitine and choline ion concentrations in the sample extracts are derived from the
calibration curves and their concentrations in the samples are determined using the Formula (1):

PXV XDXD;
Wy =—————— (1)
mx10000
where
w, is the mass fraction in the sample, in mg/100 g;
is the analyte concentration in the sample, in ng/ml; this is the on-instrument
concentration;
% is the final volume, in ml; 25 ml is the final volume for extraction;
D is the dilution factor = 2; extracts are diluted 1:1 with ACN prior to\injection;
D is any additional pre-dilution or reconstitution factor required for the samplej;
m is the sample mass;

10 000 s the conversion from ng/g into mg/100 g.

10 Precision

10.1 General

Detajls of the interlaboratory test of the precision/of the method are summarized in Annex B. The values
deriyed from the interlaboratory test may not‘be applicable to analyte concentration rapges and/or
matifices other than those given in Annex B:

10.2 Repeatability

The gbsolute difference betweentwo single test results found on identical test material by ¢gne operator
using the same apparatus within the shortest feasible time interval will exceed the repeatability limit r
in not more than 5 % of the cases. The values of r are given in Table 6.

10.3 Reproducibility

The absolute difference between two single test results found on identical test material freported by
two laboratories will exceed the reproducibility limit R in not more than 5 % of the cases. The values of
R arg givenin*Table 6.

© IS0 2020 - All rights reserved 9
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Table 6 — Precision data

Sample X " R
mg/100 g mg/100 g mg/100 g
Precision data for free carnitine
IF RTF milk-based (blank) 0,497 0,0395 0,070 8
IF soy-based 8,08 0,675 1,154
IF powder partially hydrolysed milk-based 7,71 0,638 1,352
AN RTF high fat 22,7 1,40 2,30
NIST SRM 1849a 13.0 0.70 2.18
Child elemental powder 10,2 0,45 0,7}@
IF RTF milk-pased (control) 1,78 0,123 9\%5/
AN powder lpw fat <LOQ NA ,.Cé XA
IF powder FQS/GOS-based 8,00 0,862 kb‘\u 0,862
Child formulla powder milk-based placebo <LOQ NA - (-L\ NA
Precision data for total carnitine C\U
IF RTF milk-pased (blank) 0,513 0,0442 N 0,062 7
IF soy-based| 8,20 Qf,'SéS) 1,056
IF powder partially hydrolysed milk-based 10,4 D 781 1,29
AN RTF highl fat 22,6 \\\‘ 1,29 2,66
NIST SRM 1449a 15,1 ,-,\\> 0,78 1,57
Child elemerjtal powder 11,4 ,{Q 1,23 1,65
IF RTF milk-pased (control) 1,82h$ 0,140 0,227
AN powder lpw fat < ].QéJ NA NA
IF powder FQS/GOS-based \@1,0 0,53 1,79
Child formulla powder milk-based placebo \.\c\}‘ <LOQ NA NA
Precisi@ata for free choline
IF RTF milk-pased (blank) (\\. 0,851 0,018 2 0,136 6
IF soy-based el 137 8,88 28
IF powder partially hydrolysed mil}{.—.@%ﬁ%d 125 12,9 21
AN RTF highf fat \O)U 49,1 2,63 12,43
NIST SRM 1849a /\(O\ 82,4 3,84 10,14
Child elemertal powder Q}/ 42,3 2,016 6,41
IF RTF milk-pased (cg{rt‘%D‘ 13,2 0,728 2,18
AN powder lpw fat <>~ 155 11,76 31,9
IF powder FPS/GQS-based 8,18 0,666 4 1,165
Child formula: wder milk-based placebo 143 01196 0439
Key
RTF: ready-to-feed; IF: infant formula; AN: adult nutritional; LOQ: limit of quantification; NA: not applicable
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Table 6 (continued)
Sample X r R
p mg/100 g mg/100 g mg/100 g
Precision data for total choline
[F RTF milk-based (blank) 4,96 0,375 1,011
IF soy-based 174 7,78 38,9
IF powder partially hydrolysed milk-based 156 7,0 34,4
AN RTF high fat 53,1 4,51 17,0
NIST SRM 1849a 105 3,9 15,4
Child elemental powder 73,1 3,11 15,90
IF RTF milk-based (control) 16,6 0,70 3,36
AN powder low fat 166 9,38 41,7
IF pqwder FOS/GOS-based 64,4 3,89 13,44
Child formula powder milk-based placebo 11,6 0,56 2,44
Key
RTF:ready-to-feed; IF: infant formula; AN: adult nutritional; LOQ: limit of quantifi¢cation; NA: not applicable
11 Test report
The test report shall contain the following data:
a) allinformation necessary for the identification ofthe sample (type of sample, origin and|designation
of the sample);
b) areference to this document, i.e. ISO 21468;
c) the date and type of sampling procedure (if known);
d) the date of receipt;
e) the date of the test;
f) the test results and the tnits in which they have been expressed;
g) any operations notspecified in the method or regarded as optional, which might have jaffected the

results.

© IS0 2020 - All rights reserved 11


https://standardsiso.com/api/?name=7ad185f3a8b66356aca04745556ec56b

ISO 21468:2020(E)

Annex A
(informative)

Example chromatograms

09
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

02 p4 06 08 1 12 1,4 1,6 1,8 2 22 24 2628 3 32 34 36 38 | X

Key
X time, mip 1 total carnitine, 162/103

Y responsg, counts per second x 10°

Figure A.1 — LC-MS/MS chromatogram, total carnitine NIST SRM 1849a

1,4
1,2

0,8
0,6
0,4
0,2

02 04 06 08 1 12 14 16 1,8 2 22 24 26 28 3 32 34 36 38 X

Key
X  time, min 1 total choline, 104,2/60
Y response, counts per second x 106

Figure A.2 — LC-MS/MS chromatogram, total choline NIST SRM 1849a
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Annex B
(informative)

Precision data

The data given in Tables B.1 to B.4 were obtained in an interlaboratory study and published in 20181, in
accordance with 1SO 5725-2:1994[2] and the AOAC-IUPAC Harmonized Protocol for collaborative study
procgdures, to assess precision characteristics of a method of analysisl2l. The study wa$ performed
basefl on requirements given in Reference [4].

Table B.1 — Precision data for free carnitine

Sample 12 2b 3c 4d 5e 6f 78 gh i 10)
Year|of interlaboratory test 2018 | 2018 | 2018 | 2018 | 2018 | 2018 ( 2018 | 2018 | 2p18 | 2018
Number of laboratories 9 9 9 9 9 9 9 9 9 9
Number O.f non-compliant 0 0 0 0 0 b 0 0 0 0
laboratories
Numpber of laboratories
retajned after eliminating 9 9 9 9 9 8 9 9 9 9
outliers
Numlber ofloutliers 0 0 0 ) 0 1 0 0 0 0
(labgratories)
Numpber of accepted results 18 18 18 18 18 16 18 NA L7 NA
Mean value, x , mg/100 gk 0,497 | 8,08 | 7,71 | 22,7 | 13,0 | 10,2 1,78 | <LOQ | 800 |<LOQ

Repgatability standard
deviation, s,, mg/100 gk

1 9P

0,0141 | 0,241 | 0,228 | 0,50 | 0,25 | 0,16 | 0,044 | NA

(=]

,p08 | NA

Reprjoducibility standard

devihtion, sp, mg/100 gk 0,0253 0412 | 0483 | 0,82 | 0,78 | 0,26 | 0,094| NA |0,B08| NA
1 ORy

Coefficient of variation of 25

repehtability, C,,, % 2,8 3,0 3,0 2,2 19 1,6 NA 39 NA

Coefficient of variation of. 53

reprpducibility, Cy , % 51 51 6,3 3,6 6,0 2,6 NA 39 NA

Repgatability limit, £
[r=12,8xs,], mg/100-gk

Reprjoducibilitylimit, R
[R =P,8 x s-mg/100 gk

HorRat#alue, according to
Referénce [5]

Key

0,0395| 0,675 | 0,638 | 1,40 | 0,70 | 0,45 | 0,123 | NA |0,B62 | NA

0,0708 | 1,154 | 1,352 | 2,30 | 2,18 | 0,728 | 0,263 | NA |0,B62 | NA

0,40 0,62 | 0,75 | 0,51 | 0,78 | 0,32 | 0,51 NA 0,47 NA

LOQ: limit of quantification; NA: not applicable

a  Infant formula ready-to-feed milk-based (blank); P Infant formula soy-based; ¢ Infant formula powder partially
hydrolysed milk-based; ¢ Adult nutritional ready-to-feed high fat; © NIST SRM 1849a; f Child elemental powder; 8 Infant
formula ready-to-feed milk-based (control); I Adult nutritional powder low fat; | Infant formula powder FOS/GOS-based;
j Child formula powder milk-based (placebo); k Results represented as is per sample type
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