INTERNATIONAL ISO
STANDARD 22184

IDF 244

First edition
2021-02

Milk and milk products —=
Determination of the sugar contents

— High performance anion exchange
chromatography with pulsed
amperometric detection method
(HPAEC-PAD)

Lait et produits laitiers — Détermination de la teneur en sucre —
Chromatographie'd’échange d’anions haute performance|couplée a la
détection par gmpéromeétrie pulsée (HPAEC-PAD)

Reference numbers
1SO 22184:2021(E)
IDF 244:2021(E)

© ISO and IDF 2021


https://standardsiso.com/api/?name=e66369867c56e7fc8dae509940248c46

ISO 22184:2021(E)
IDF 244:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO and IDF 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office International Dairy Federation
CP 401 ¢ Ch. de Blandonnet 8 Silver Building ¢« Bd Auguste Reyers 70/B
CH-1214 Vernier, Geneva B-1030 Brussels
Phone: +41 22 749 01 11 Phone: +32 2 325 67 40
Fax: +32 232567 41
Email: copyright@iso.org Email: info@fil-idf.org
Website: www.iso.org Website: www.fil-idf.org

Published in Switzerland

ii © IS0 and IDF 2021 - All rights reserved


https://standardsiso.com/api/?name=e66369867c56e7fc8dae509940248c46

ISO 22184:2021(E)
IDF 244:2021(E)

Contents

Principle

Reagents

Apparatus
SAMPIITIG ... K e

R0 N O U1 W N =

Preparation of the test sample

8.1 LT3 1<) -
8.2 Sample preparation of sweetened condensed milk
8.2.1  Samples of recently manufactured products in which)no appreciable
separation of components can be expected ..., N
8.2.2  Samples of older products and samples in which separation of
components can be expected........s ]
9 PIOCEAUIE..........cccooooeieeesieee e oo st
9.1 Sample extraction and clean up ...
0.1.1  General...eee
9.1.2  Sample extraction and clean-up
9.2 Chromatographic analySis ... ... T
10 Calculation and expression of the reSulls ...
11 PreCISION ... 3 e
11.1 General
T1.2  REPEATADIIILY ..o ettt
11.3  RePIOAUCTDIIIEY ooy 5o
12 T@ST TP OTE ...y s

Annex A (informative) Precision data
Annex B (informative) Aceuracy data

Bibljography

© ISO and IDF 2021 - All rights reserved

iii


https://standardsiso.com/api/?name=e66369867c56e7fc8dae509940248c46

ISO 22184

:2021(E)

IDF 244:2021(E)

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
governments/food control authorities.

ISO and IDF collaborate closely on all matters of standardization relating to methods of analysis
and sampling for milk and milk products. Since 2001, ISO and IDF jointly publish their International
Standards using the logos and reference numbers of both organizations.
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Milk and milk products — Determination of the

sugar contents — High performance anion exchange
chromatography with pulsed amperometric detection
method (HPAEC-PAD)

1

This

(gald
arab

N

The nethod is applicable to the following dairy matrices: milk, sweetened condensed milk, 1
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The
cont(

A hig
dete
disag
sucr

The
or by

2

The
cons
unda

ISO 3

No t6

ISO 4

Normative references

Terms and definitions

fcope

document specifies the quantitative liquid chromatographic determination 0f)spe
ctose, glucose, fructose, sucrose, lactose and maltose) in various milk and milk produ
nose as an internal standard.

5e, whey powder, infant formula, milk dessert and yoghurt.

method does not apply to dairy products containing soy or teithe determination of
ent in low-lactose milk products at levels below 1 mg/g.

h performance anion exchange chromatography methodin combination with pulsed an
rtion (HPAEC-PAD) method is applied[>1[3][4], With this method, thirteen different mono
charides and trisaccharides can be separated: fucese, arabinose, galactose, gluco
se, lactose, lactulose, maltose, melibiose, trehalese€; isomaltulose and maltotriose.

method is applicable to labelling for the six most important sugars that can be prese
addition in milk and milk products. The miethod does not apply to sugar contents less

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this:document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

696, Water for analytical laboratory use — Specification and test methods

rms and\definitions are listed in this document.

ndAEC maintain terminological databases for use in standardization at the following z

cific sugars
ts, applying

nilk powder,

the lactose

hperometric
saccharides,
be, fructose,

ht by nature

than 0,1 %.

heir content
applies. For
hts) applies.

ddresses:

I

SO Omtime browsing platformmavaitableat hittps//www.isoorg/obp

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

4 Principle

The sugars present in the sample are extracted with an aqueous ethanol buffer solution in order to
inhibit potential probiotic activities. The obtained extract is deproteinized with a Carrez clarification.
After clarification, the solution is diluted and the sugars present are separated and quantified by
HPAEC. HPAE allows carbohydrates separation at high pH. In order to improve sensitivity and stability,
post-column sodium hydroxide solution is added to the HPAEC-PAD. GOS (galacto-oligosaccharides) and
fructans do not interfere with the analysis of the sugars[2]. Arabinose is applied as an internal standard
for the quantification of the sugars.
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5 Reagents

Use only reagents of recognized analytical grade and water in accordance with ISO 3696, unless
otherwise specified.

5.1 Water, conforming to ISO 3696, grade 3 and grade 1.

5.2 Sodiu

m hydroxide (NaOH) pellets.

5.3 Aqueous sodium hydroxide solution, substance concentration c = 1 mol/l.

Add to a 1 000 ml volumetric flask 40 g + 1 g NaOH pellets (5.2), dissolve in about 500 ml of water

after cooling down, dilute with water to the mark and homogenize.

5.4 Sodiu

5.5 Sodiu|
The amount

solution beff
be used.

5.6 Concd

hydroxide solution, mass fraction w(NaOH) = 33 % in water.

Im hydroxide solution, mass fraction w(NaOH) = 50 % in water.

of carbonate and mercury in the reagent should be minimized. Do not shake or sti

ntrated hydrochloric acid (HCl), mass fraction of 36 %'to 38 % in water.

5.7 Aqueous hydrochloric acid solution, c = 1 mol/l.

Addtoa 1 (
and, after cd

5.8 Aceto

5.9 Aceto

Addtoal
mark and hd

00 ml volumetric flask (6.2) 500 ml of water followed by 83 ml of concentrated HCl
oling down, dilute with water to the markand homogenize.

nitrile (HPLC quality).

hitrile in water, a volume fraction of 5 % in water.

00 ml volumetric flask(6:2) 50 ml of acetonitrile (5.8), dilute with water grade 3 t
mogenize.

5.10 Anhydrous sodium acétate (CH;COONa) (HPLC quality).

5.11 Eluenit 1 (E1), aqueous solution of sodium acetate (CH;COONa), ¢ = 1,0 mol/l.

Addtoal0
by 82,0 g so

0 mlyolumetric flask (6.2) about 800 ml of degassed water grade 1 (eluent 3, 5.13) foll
dium acetate (5.10). Then dilute the aqueous solution with degassed water (eluent 3,

to the mark

nd hnmngpniwn Store the eluent under an inert nfmnqphprp

pre use. A suitable commercially available carbonate sodium hydroxide solution may

and,

Ir the
also

(5.6)

b the

bwed
5.13)

5.12 Eluen

t 2 (E2), aqueous solution of carbonate free sodium hydroxide (NaOH), ¢ = 0,2 mol/L

Add to a 1 000 ml volumetric flask (6.2) about 800 ml of degassed water grade 1 (eluent 3, 5.13) and
purge for 15 min with helium. Add 16,0 g of sodium hydroxide solution (5.5). Then quickly dilute the
aqueous solution with degassed water grade 1 (eluent 3, 5.13) to the mark, immediately close the bottle
and homogenize. Store the eluent under an inert atmosphere.

5.13 Eluen

t 3 (E3), degassed water grade 1, stored under an inert atmosphere.

© ISO and IDF 2021 - All rights reserved
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Eluent 4 (E4), aqueous solution of sodium acetate (CH;COONa), ¢ = 0,025 mol/I.

Add toa 1000 ml volumetric flask (6.2) about 800 ml of degassed water grade 1 (eluent 3, 5.13) followed
by 2,05 g of sodium acetate (5.10). Then dilute the aqueous solution with degassed water (eluent 3,

5.13)

5.15

to the mark and homogenize. Store the eluent under an inert atmosphere.

Post column reagent, aqueous solution of sodium hydroxide, ¢ = 0,3 mol/L

Add to a 1 000 ml volumetric flask (6.2) about 800 ml of degassed water grade 1 (eluent 3, 5.13). Purge
for 15 min with helium. Add 24,0 g of sodium hydroxide solution (5.5) and quickly fill up to the mark
with the degassed water grade 1 (eluent 3, 5.13). Immediately close the flask and homogenize. Store the

post

IMP(
and
sens

5.16
4%

5.17
5.18
5.19

5.20

Weig
(5.1)

5.21

Weigh 220 g of Zn(CH3C00),-2H30 (5.18) in a 1 000 ml volumetric flask (6.2), dissolve in 8

add J
IIin

IMP(

5.22
pH=

Add

column reagent under an inert atmosphere.

DRTANT — It is extremely important to remove dissolved carbon dioxide-from
post column reagent prior to use and during use to avoid fast reduction
itivity. The eluents and post column reagent are maintained under an inert gas d

Mixture of a volume fraction of 95 % of ethanol (with a volume fraction of 96 % ¢
pf water) and a volume fraction of 5 % methanol.

Potassium hexacyanoferrate (II) trihydrate, K,Fe(CN)4-3H,0.
Zinc acetate dihydrate, Zn(CH;C00),:2H,0.
Glacial acetic acid.

Carrez reagent I.

h 106 g of K,Fe(CN),-3H,0 (5.17) in a:1{000 ml volumetric flask (6.2), dissolve in 800
and dilute with water grade 3 to the.mark. Store the Carrez reagent I in the refrigerat

Carrez reagent II.
0 ml of glacial acetic acid (5.19) and dilute with water grade 3 to the mark. Store the Ca

he refrigerator.

DRTANT — Do netuse Carrez reagent Il with zinc sulfate.

6,9).

Buffer solution of piperazine-N,N’-bis(2-ethanesulfonic acid) (PIPES) (¢ = 1,%

the eluents
n detector
uring use.

rthanol and

ml of water
DT,

D0 ml water,
I'rez reagent

mol/l and

P2/5.g of the PIPES buffer solution to a 100 ml conical flask and add 20 ml of sodiu

solut]

ion)(5.3). Adjust the pH to pH = 6,9 with NaOH 33 % (5.4) in water. Transfer the

hydroxide
IPES buffer

solution quantitatively into a 50 ml calibrated tube and fill up with water grade 3 till 50 ml. The pH of
the obtained buffer solution shall be within the range of 6,8 to 7,0.

5.23

5.24

5.25

5.26

5.27

© ISO

Arabinose.

Galactose.

Glucose.

Fructose.

Sucrose.
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5.28 Lactose.
5.29 Maltose.

5.30 Internal standard stock solution arabinose.

Weigh, to the nearest mg, approximately 7 g of arabinose (5.23) into a 50 ml volumetric flask (6.2). Add
about 30 ml of water grade 3 and dissolve the arabinose. Add 2,5 ml of acetonitrile (5.8), fill up to the
mark with water and homogenize the solution.

5.31 Sugarrstandard stocksotution:

Weigh, to the nearest 0,1 mg, approximately 260 mg of the monosaccharides galactose (5.24),'glucose
(5.25) and fructose (5.26), and approximately 400 mg of the disaccharide sucrose (5.27), lactose (5.28)
and maltosg (5.29) into a 500 ml volumetric flask (6.2). Add about 200 ml of water grade-3"and dispolve
the sugars. Add 25 ml of acetonitrile (5.8), fill up to the mark with water grade 3 and homogenize the
solution.

5.32 Sugar|standard solutions for calibration.

Prepare thq different dilutions of the sugar calibration standards asispecified in Table 1. Mix the
specified vglumes of the internal standard stock solution arabinose(5!30) and sugar standard $tock
solution (5.B1) in a 200 ml volumetric flask, add about 50 ml of water grade 3 and homogenize| Add
10 ml of acefonitrile (5.8), fill up to the mark with water and homogenize.

Table 1 — Preparation of the sugar standard solutions for calibration

Volume of sugar standard Volume of arabinose internal
Sugar standard solution stock solution (5.31) standard stock solution (5.30)
ml ml

1 0,2 0,050
2 1,0 0,050
3 6,0 0,050
4 10,0 0,050
5 20,0 0,050
6 40,0 0,050
7 80,0 0,050
8 100,0 0,050

6 Apparptus

6.1 Analyftical balance, capable of weighing to an accuracy of £0,T mg.
6.2 Volumetric flask, volume of 50 ml, 500 ml and 1 000 ml.

6.3 pH meter.

6.4 Black band filter paper.

6.5 Centrifugation tubes.

4 © ISO and IDF 2021 - All rights reserved
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6.6 Homogenizerl),

6.7 Vortex mixer.

6.8 Screw cap closed graduated tubes, 50 ml volume.
6.9 Positive displacement multipipette.

6.10 Dispensers, resistant to organic solvent and adjusted to 2,5 ml and 25 ml.

6.11| HPLC vials.

6.12( Metal-free liquid chromatographic system, e.g. Thermo Dionex ICS 3000%) applicable for a
(quaternary) gradient elution.

6.13| Column oven, with a temperature stability of +1 °C with an operatingtemperature of 2P °C to 35 °C.

6.14| High performance anion exchange analytical column3), filled with pellicular polystyrene-
divinfylbenzene resin or filled with an anion exchanger resin enabling the required separatiop.

6.15 High performance anion exchange guard column®, filled with pellicular polystyrene-
divinylbenzene resin or filled with an anion exchanger resinenabling the required separatiop.

6.16| Pulsed amperometric detector (PAD)>) with a stability of +1 °C and an operating temperature
range of 20 °C to 35 °C.

Use pulsed amperometric detection and potential settings and waveforms recommerided by the

instrfument supplier. Example detector«potential settings (versus Ag/AgCl reference) dre given in
Table 2.

6.17| Metal-free post column reagént pump®).

1) An Ultra turrax with an appropriate probe is an example of a suitable homogenizer available comrercially. This

information i§given for the convenience of users of this document and does not constitute an endorgement by ISO
or IDF of£his product.

2) Thermo Dionex ICS 3000 is an example of a suitable homogenizer available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO or IDF of this
product.

3) A Thermo-Dionex Carbopac PA1 analytical column (2 mm x 250 mm) is an example of a suitable high
performance anion exchange column available commercially. This information is given for the convenience of users
of this document and does not constitute an endorsement by ISO or IDF of this product.

4) A Dionex Carbopac PA1 guard column (2 mm x 50 mm) is an example of a suitable high performance anion
exchange column available commercially. This information is given for the convenience of users of this document
and does not constitute an endorsement by ISO or IDF of this product.

5) A Thermo-Dionex model PAD is an example of a suitable PAD available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO or IDF of this product.

6) A single piston Thermo Dionex Axp pump is an example of a suitable metal-free post column reagent pump
available commercially. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO or IDF of this product.

© IS0 and IDF 2021 - All rights reserved 5
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6.18 Integrator chromatography data system?).

Table 2 — Time programming of the detector potential settings of the gold working electrode

Step Time Potential gold electrode? lntegration detector
S signal
1 0,00 0,10
2 0,20 0,10 Start
3 0,40 0,10 End
4 0,41 -2,00
5 0,42 -2,00
6 0,43 0,60
7 0,44 -0,10
8 0,50 -0,10
a  Potential|versus Ag/AgCl reference electrode.
NOTE The |ntegration window is 0,20 s to 0,40 s.

7 Sampling

It is importpnt that the laboratory receives a sample that is trulyntepresentative and has not |been
damaged or|changed during transport and/or storage. Sampling is\iot a part of the method specified in
this documgnt.

8 Preparation of the test sample

8.1 General

Prepare the|sample in accordance with an appropriate sampling procedure. Sweetened condensed|milk
requires a dedicated sample preparation, seeISO 2911 | IDF 35 and 8.2.

8.2 Sample preparation of sweetened condensed milk

8.2.1 Sampples of recently manufactured products in which no appreciable separation of
components can be expected

Open the container, transfer all material adhering to the lid into the container and thoroughly mix by an
up-and-down movenient of a spoon, in such a way that the top layers and contents of the lower corners
are moved gdnd mixed. When the product is in a can, transfer the contents into a jar with a well-fitting
lid. When the product is in a collapsible tube, transfer as much as possible of the content to a jar with a
well-fitting lid; then cut open the tube, scrape out all material adhering to the interior and also trapsfer
this to the jar. Mix the contents of the jar as described above.

8.2.2 Samples of older products and samples in which separation of components can be
expected

Heat the sample in a water bath at about 40 °C until the sample has nearly reached this temperature.
Open the container and proceed as described in 8.2.1. When the product is in a can or tube, transfer
the contents to a jar, scrape out all material adhering to the walls (in the case of a collapsible tube, after
cutting open the tube) and continue the mixing until the whole mass is homogeneous, reducing the size
of any crystals by crushing with a glass rod. Close the jar with a well-fitting lid. Allow to cool.

7) A Thermo Dionex Chromeleon software package is an example of a suitable chromatographic integration
software package available commercially. This information is given for the convenience of users of this document
and does not constitute an endorsement by ISO or IDF of this product.

6 © ISO and IDF 2021 - All rights reserved
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9 Procedure
9.1 Sample extraction and clean up

9.1.1 General

In cases where the integrator chromatography software package has the option “variable internal
standard” (e.g. in Chromeleon™®)), apply the procedure given in 9.1.2. In these cases, just one sample
extraction and a clean-up procedure with two different dilutions have to be done. Adjust the integrator
settings in the variable internal standard option for the 50-fold dilution.

For Jow sugar contents, apply the procedure given in 9.1.2.2. For high sugar contehtf, apply the
procgdure given in 9.1.2.3. The limits for low and high sugar contents are given in Table 3.

Table 3 — Limits for low and high sugar content

Sugar Low content High content
g/100 g g/100g
Galactose <12 > 12
Glucose <12 > 12
Fructose <12 > 12
Sucrose <18 > 18
Lactose <18 > 18
Maltose <18 > 18

In cages where the chromatographic integration seftware has no option for “variable internpl standard”
and there is no prior knowledge about the sugar levels in the dairy sample to be investigated, it is
recommended to apply the procedure givendn 9.1.2.2 for the low sugar levels. In cases where a sugar
peak]is bigger than the corresponding sugar peak in the highest calibration standard, the procedure
given in 9.1.2.3 shall be applied for a cerkect quantitation of the sugar content.

9.1.7 Sample extraction and clean-up

9.1.2.1 General
Weigh, to the nearest 0,000 1 g, 1,0 g+ 0,1 gin a 50 ml calibrated tube (6.8).

Add ¢ ml of the denatured ethanol (5.16), 0,125 ml of the arabinose internal standard solution (5.30)
and (,5 ml of the,PIPES buffer solution (5.22).

Mix yell bysvortexing (6.7) and let the sample suspension rest for 10 min at an ambient tenperature.

pcthe calibrated tube to the 25 ml mark with demineralized water grade 3 (5.1) with a femperature

s ) .

NOTE Already well-dissolved samples can be homogenized by shaking.

Check the pH of the homogenized sample solution. The pH shall be within the values pH = 5,0 to pH = 7,0.
If necessary, adjust the pH with NaOH solution (5.3) or HCI solution (5.7).

Add 0,5 ml of the Carrez reagent I solution (5.20), mix and then add 0,5 ml of the Carrez reagent II
solution (5.21). Add 2,5 ml acetonitrile (5.8) and fill up with water (5.1) to the 50 ml mark. Close the
calibrated tube with the screw cap and mix well.

Filter the suspension over black band filter paper (6.4) and collect the filtrate.

8) This information is given for the convenience of users of this document and does not constitute an endorsement
by ISO or IDF of this product.

© ISO and IDF 2021 - All rights reserved 7
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Prepare from each filtrate two different dilutions directly in the HPLC vials (6.11):

10-fold dilution: mix 100 pl of filtrate with 900 ul of water grade 3 (5.1);

50-fold dilution: mix 20 pl of filtrate with 980 pl of water grade 3 (5.1) and adjust the integrator
settings for these 50-fold diluted filtrates in the variable internal standard procedure.

Inject 5 pl of the diluted filtrates in the metal free liquid chromatographic system (6.12).

In cases where the measured sugar peak is outside the calibration graph in the 10-fold diluted sample,
use the results measured in the 50-fold diluted samples after properly adjusting the settings for the

variable internal standard option.

9.1.2.2 Sample extraction and clean-up for the low sugar contents (10-fold dilution)

Weigh, to thle nearest 0,000 1 g, 1,0 g+ 0,1 gin a 50 ml calibrated tube (6.8).

Add 4 ml of the mixture of denatured ethanol (5.16), 0,125 ml of the arabinose'internal standard
solution (5.30) and 0,5 ml of the PIPES buffer solution (5.22).

Mix well by portexing (6.7) and let the sample suspension rest for 10 min at annambient temperatufe.
Fill up the cglibrated tube to the 25 ml mark with demineralized water grade 3 (5.1) with a temperature
of 40 °C = 2 PC, followed by homogenization with a homogenizer (6.6)-fop 1 min.

NOTE Already well-dissolved samples can be homogenized by shaking.

Check the pH of the homogenized sample solution. The pH shall®e within the values pH = 5,0 to pH [ 7,0.
If necessaryj adjust the pH with NaOH solution (5.3) or HClsolution (5.7).

Add 0,5 ml jof the Carrez reagent I solution (5.20), mix-and then add 0,5 ml of the Carrez reag¢nt II
solution (5.21). Add 2,5 ml acetonitrile (5.8) and filhjup with water (5.1) to the 50 ml mark. Closg the
calibrated tyibe with the screw cap and mix wells

Mix well by portexing (6.7) and let the sample suspension rest for 10 min at an ambient temperatupe.
Fill up the cglibrated tube to the 25 ml mark with demineralized water grade 3 (5.1) with a temperature
of 40 °C % 2 PC, followed by homogenization with a homogenizer (6.6) for 1 min.

NOTE Already well-dissolved samples can be homogenized by shaking.

Check the pH of the homogenized sample solution. The pH shall be within the values pH = 5,0 to pH F 7,0.
If necessaryj adjust the pH'with NaOH solution (5.3) or HCI solution (5.7).

Add 0,5 ml jof the Catrez reagent I solution (5.20), mix and then add 0,5 ml of the Carrez reagént II
solution (5.21). Add-2;5 ml acetonitrile (5.8) and fill up with water (5.1) to the 50 ml mark. Closg the
calibrated tfibedvith the screw cap and mix well.

Filter the su pcuaiuu over-blackbandfilter papet (ﬁ), cottectthefittrateandmix166 },111 of fittrate'with

900 pl of water grade 3 (5.1) in an HPLC vial (6.11).

Inject 5 ul of the diluted filtrates in the metal-free liquid chromatographic system (6.12).

9.1.2.3 Sample extraction and clean-up for the high sugar contents (50-fold dilution)

Weigh, to th

enearest 0,0001g,1,0g+0,1 gina 50 ml calibrated tube (6.8).

Add 4 ml of the mixture of denatured ethanol (5.16), 0,625 ml of the arabinose internal standard
solution (5.30) and 0,5 ml of the PIPES buffer solution (5.22).

Filter the suspension over black band filter paper (6.4), collect the filtrate and mix 20 ul of filtrate with
980 pl of water grade 3 (5.1) in an HPLC vial (6.11).
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Inject 5 pl of the diluted filtrates in the metal-free liquid chromatographic system (6.12).

9.2 Chromatographic analysis

Set up the chromatographic system (6.12) with the column oven (6.13), the high-performance anion
exchange guard (6.15) and the analytical (6.14) column, the post column reagent pump (6.17), the
detector (6.16) and the integrator (6.18). Programme the linear gradient elution profile as presented in
Table 4.

Allow the chromatographic system to equilibrate for at least 15 min, followed by a threefold injection
of a test standard in order to stabilize the chromatographic system under the conditions specified in
Tablg¢s 2, 3 and 4.

Califrate the chromatographic system by successive 5 pl injections of the 8 sugar calibratfion samples
(5.323) under the conditions specified in Tables 2, 3 and 4.

Analyse the prepared filtrates by injecting 5 ul of filtrate samples (9.1) into the chrognatographic
systgm under the conditions specified in Tables 2, 3 and 4 (the gradient elutioh is given asfan example
for alspecific instrument setting).

Injedt a series of 4 sugar calibration samples (5.32) after every seriesof 8 filtrate samples (P.1) in order
to adcount for minor changes in retention times and/or detector ‘sensitivity. Use, alternately, the 4
calibration samples: numbers 1, 3, 5 and 7, and the 4 calibratiod Samples: numbers 2, 4, 6 aid 8.

Table 4 — Typical example of a suitable gradient elution profile for the chromatographic
separation of the sugars

Time Percentage E1 | Percentage E2 | Percentage E3| Percentage E4
min CH;COONa, NaOH, H,0 CH;COONa,
¢ =1mol/l ¢ =0,2 mol/} ¢=0,025 mol/l
initial 0 5 88 7
Sample injjection and
0 0 > 88 7 start datq acquisition
10 0 5 88
15 0 17 76
25 0 93 0
Stop dataacquisition
28,1 20 73 0 7 and start|of column
wash
32,0 20 73 0 7 End of cojumn wash
32,1 0 5 88 7 Start colymn
equilibrigm
End colu:t‘nn
52 0 5 88 7 equilibriym and
end of cycle

The gradient profile is specific for the applied chromatographic system. It is strongly advised to
check the gradient profile. The required chromatographic resolutions are listed in Table 5. In case the
resolutions between glucose and sucrose and between sucrose and fructose are less than the required
1,5, itis advised to increase the percentage of eluent E2 (NaOH, 0,2 mol/1) a little bit (from 5 % to 5,5 %)
and to decrease the percentage of eluent E3 (degassed water) with the same amount.

© ISO and IDF 2021 - All rights reserved 9


https://standardsiso.com/api/?name=e66369867c56e7fc8dae509940248c46

ISO 22184

:2021(E)

IDF 244:2021(E)

10 Calcul

Identify thq
correspondi
both series
samples (sef

Table 5 — Demands chromatographic resolution

Sugars Minimal required resolution
Arabinose-galactose >1,5
Galactose-glucose >1,5
Glucose-sucrose >1,5
Sucrose-fructose >1,5
Fructose-melibiose >1,5

Atlon and expression ol the results

sugars in the sample solutions by comparing them with the retention times o
ng peaks in the sugar calibration samples. Calibrate the chromatographic system by
of sugar calibration samples (5.32), which are run before and after a series of 8 fi
P 9.1).

k

[ the
sing
rate

| (1):
@

(2)

Calculate the mass concentration of sugar in the stock solution (5.31), pg, in mg/ml, using Formulg
_ (mxP/100)

Pt = T500
where

m ig the mass of the sugar standard, in mg;

P ig the purity of the sugar standard, in %;

100 ida conversion factor;

500 i9the volume of the stock solution, inmk
Calculate the mass concentration of sugarun the calibration solution (5.32), p.,; in mg/ml, @ising
Formula (2)

o =P

cal 200

where

Vi,  ithe volume’of the sugar stock solution, in ml;

Pst  i9the mdss concentration of sugar in the stock solution (5.31), in mg/ml;

200 i9the volume of the sugar calibration solution, in ml.

For the calibration graphs, use the instrument software for each sugar analyte to plot an eight-point
standard curve of the ratio of the instrument response for the analyte and the instrument response
for the internal standard arabinose against the concentration of the analyte. Fit a quadratic curve
(v = ax? + bx + ¢) to the data without forcing through zero, where y is the sugar concentration in mg/
ml in the injected 5 pl calibration samples and x is the relative peak area defined by the ratio of sugar
concentration and internal standard concentration of arabinose.

10
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Calculate the mass concentration of sugar in the injected 5 pl of the prepared sample solution, p;,;, in

mg/ml, using Formula (3):

Pinj =ax? +bx+c (3)

where

a, b, c are values obtained from the quadratic fit;

X is the relative peak area (ratio of sugar concentration and internal standard concentration
ofarahinacal

OTTOTOoTIToO ST

Calctyilate the mass fraction of sugar in the test sample, w,, in mg/kg, using Formula (4}

Pin;
v, = xDx50x1 000 (4)
m
wherre
Rinj is the mass concentration of sugar in the injected 5 pul efthe prepared samplé¢ solution,
in mg/ml;
m is the mass of the test sample, in g;
D is the dilution factor for the filtrated sample; D-= 10 applying a 10-fold dilution of the filtrat-
ed injected sample and D = 50 applying a,50<fold dilution of the filtrated injected sample;
50 is a conversion factor, ml;

1000 isthe conversion factor for g to.kg

Quantify the carbohydrates in the samples by applying the calibrations.

11 Precision

11.1 General
Detajls of the interlaberatory test of the precision of the method are summarized in Annezes A and B.

The yalues derivedfrom the interlaboratory test may not be applicable to analyte concentration ranges
and/pr matrices-other than those given in Annexes A and B.

11.2 Repeatability

The absolute difference between two single test results found on identical test material by ane operator
using the same apparatus with the shortest feasible time interval will exceed the repeatability limit r in
not more than 5 % of the cases.

The values for galactose, glucose, fructose, sucrose, lactose and maltose are shown in Tables 6 to 11,
respectively.
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Table 6 — Values for galactose

Mean value Repeatability limit Test material
x =0,70g/100 g r=0,03g/100 g sweetened drinking yoghurt
x =0,10g/100 g r=0,02g/100 g commercial infant formula
x =2,14g/100g r=0,07g/100 g low lactose UHT milk (MUVA reference sample)
X =nd r=nd infant formula (MUVA reference sample)
x =0,40g/100 g r=0,03g/100 g cream cheese (MUVA reference sample)
x =0,60g/100g r=0,02g/100 g whey powder (MUVA reference sample)
X =0,24 g/100¢ +—=0;02g/1t00¢ processedcheese M VA referencesamptey
X =nd r=nd sweetened condensed milk
X =nd r=nd infant formula (NIST certified reference material]
Key
nd = not detedtable
Table 7 — Values for glucose
Mean|value Repeatability limit Test material
x =0,45g/100 g r=0,02g/100 g sweetened drinking yoghurt
x =1,17g/100 g r=0,06g/100g commercial infant formtla
x =2,23g/100 g r=0,06g/100g low lactose UHT milk (MUVA reference sample)
x =1,08g/100g r=0,09g/100 g infant formula (MUVA reference sample)
x =0,38g/100 g r=0,02g/100 g cream cheese (MUVA reference sample)
x =0,48g/100¢g r=0,06g/100 g whey powder (MUVA reference sample)
X =nd r=nd processed cheese (MUVA reference sample)
X =nd r=nd sweeténed condensed milk
x =2,00g/100g r=0,09g/100 g infant formula (NIST certified reference material)
Key
nd = not detedtable
Table 8 — Values for fructose
Mean|value Repeatability limit Test material
=2,16g/100 g x=0,10g/100 g sweetened drinking yoghurt
=nd 7 =nd commercial infant formula
=nd r=nd low lactose UHT milk (MUVA reference sample)
=5,53g/100,¢ r=098g/100 g infant formula (MUVA reference sample)
r=nd cream cheese (MUVA reference sample)

I A<l X[ 2| X1 2l | I >l XI
1

=20 =T =T = = B (&) W =T = I (] WS
(=W

=nd r=nd whey powder (MUVA reference sample)

=nd r=nd processed cheese (MUVA reference sample)

=nd r=nd sweetened condensed milk

=nd r=nd infant formula (NIST certified reference material)

nd = not detectable

12
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Table 9 — Values for sucrose

Mean value Repeatability limit Test material
X =2,29g/100¢g r=0,10g/100 g sweetened drinking yoghurt
X =780g/100g r=0,72g/100 g commercial infant formula
X =nd r=nd low lactose UHT milk (MUVA reference sample)
x =1,08g/100¢g r=0,11g/100 g infant formula (MUVA reference sample)
X =nd r=nd cream cheese (MUVA reference sample)
X =nd r=nd whey powder (MUVA reference sample)
X =pd =1t processedcheese- M A referencesampte;
x =§51¢g/100¢g r=1,7g/100g sweetened condensed milk
X =R76g/100g r=0,8g/100 g infant formula (NIST certified reference material))
Key
nd = hot detectable

Table 10 — Values for lactose

Mean value Repeatability limit Test material
X =,67g/100g r=0,19g/100 g sweetened drinkingyoghurt
X =P9,5g/100 g r=04g/100g commerecial infaht formula
x =0,22g/100 g r=0,07g/100 g low lactose UHT milk (MUVA reference sample)
X =p1,6g/100g r=4,2g/100 g infant formula (MUVA reference sample)
x =,52g/100g r=0,12g/100 g cream cheese (MUVA reference sample)
X =p8,6g/100g r=3,2g/100 g whey powder (MUVA reference sample)
x =[1,07g/100¢g r=0,08g/100 g processed cheese (MUVA reference sample)
x =[10,5g/100¢g r=0,7g/100g sweetened condensed milk
X =0,52g/100 g r=0,03g/100.g infant formula (NIST certified reference material))
Key
nd = hot detectable

Table 11 — Values for maltose

Mean value Repeatability limit Test material
X =hd r=nd sweetened drinking yoghurt
x =[1,77 g/100 & r=0,11g/100 g commercial infant formula
X =phd r=nd low lactose UHT milk (MUVA reference sample)
X =[,28g/100 g r=0,08g/100 g infant formula (MUVA reference sample)
X =hd r=nd cream cheese (MUVA reference sample)
X =nd r=nd whey powder (MUVA reference sample)
X =nd r=nd processed cheese (MUVA reference sample)
X =nd r=nd sweetened condensed milk
X =2,43g/100¢g r=0,22g/100 g infant formula (NIST certified reference material)
Key
nd = not detectable

11.3 Reproducibility

The absolute difference between two single test results found on identical test material reported by
two laboratories will exceed the reproducibility limit R in not more than 5 % of the cases.
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The values for galactose, glucose, fructose, sucrose, lactose and maltose are shown in Tables 12 to 17,

respectively.
Table 12 — Values for galactose
Mean value Reproducibility limit Test material

x =0,70g/100 g R=0,11g/100 g sweetened drinking yoghurt

x =0,10g/100 g R=0,05g/100g commercial infant formula

X =2,14g/100g R=0,27g/100g low lactose UHT milk (MUVA reference sample)
X =nd R =nd infant formula (MUVA reference sample)

X =0,40g/100¢g R=0,08g/100g cream cheese (MUVA reference sample)

x =0,60g/100 g R=0,09g/100¢g whey powder (MUVA reference sample)

x =0,24g/100 g R=0,06g/100g processed cheese (MUVA reference sample)

X =nd R=nd sweetened condensed milk

X =nd R =nd infant formula (NIST certified referénce material)
Key

nd = not detedtable

Table 13 — Values for glucose
Mear) value Reproducibility limit Test material

x =0,45g/100 g R=0,07g/100g sweetened drinking yoghurt

x =1,17g/100 g R=0,24g/100¢g commercialinfant formula

x =2,23g/100¢g R=0,25g/100g low lactase UHT milk (MUVA reference sample)
x =1,08g/100 g R=0,29g/100¢g infant formula (MUVA reference sample)

x =0,38g/100 g R=0,09g/100g ¢ream cheese (MUVA reference sample)

x =0,48g/100 g R=0,12g/100 g whey powder (MUVA reference sample)

X =nd R=nd processed cheese (MUVA reference sample)

X =nd R=nd sweetened condensed milk

x =2,00g/100g R=0,28g/100¢g infant formula (NIST certified reference material)
Key

nd = not detedtable

Table 14 — Values for fructose

Mear value

Reproducibility limit

Test material

x =2,16g/100¢g R=0,22g/100¢g sweetened drinking yoghurt

X =nd R=nd commercial infant formula

X =nd R=nd fow factose UHT milk (MU VA Teference sampie)

x =553g/100¢g R=1,5g/100¢g infant formula (MUVA reference sample)

X =nd R=nd cream cheese (MUVA reference sample)

X =nd R=nd whey powder (MUVA reference sample)

X =nd R=nd processed cheese (MUVA reference sample)

X =nd R=nd sweetened condensed milk

X =nd R=nd infant formula (NIST certified reference material)

A
@
<

nd = not detectable
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Table 15 — Values for sucrose

Mean value Reproducibility limit Test material
X =2,29g/100¢g R=0,23g/100g sweetened drinking yoghurt
X =780g/100g R=098g/100g commercial infant formula
X =nd R=nd low lactose UHT milk (MUVA reference sample)
x =1,08g/100¢g R=0,36g/100 g infant formula (MUVA reference sample)
X =nd R=nd cream cheese (MUVA reference sample)
X =nd R=nd whey powder (MUVA reference sample)
X =pd R=1rd processedcheese- (M Areferencesampte’
x =§51¢g/100¢g R=156g/100g sweetened condensed milk
X =R76g/100g R=3,0g/100¢g infant formula (NIST certified reference-matgrial)
Key
nd = hot detectable

Table 16 — Values for lactose

Mean value Reproducibility limit Test material
X =,67g/100g R=0,44g/100 g sweetened drinking yoghurt
X =P9,5g/100¢g R=8,1g/100g commercial fafant formula
x =0,22g/100 g R=0,14g/100¢g low lactose' UHT milk (MUVA reference sampje)
X =p1,6g/100g R=6,4g/100g infantformula (MUVA reference sample)
x =,52g/100 g R=0,48g/100 g cream cheese (MUVA reference sample)
X =p8,6g/100g R=20,5g/100 g whey powder (MUVA reference sample)
x =[1,07g/100¢g R=0,35g/100¢g processed cheese (MUVA reference sample)
x =[10,5g/100¢g R=2,5g/100¢g sweetened condensed milk
X =0,52g/100 g R=0,17 g/100.g infant formula (NIST certified reference matgrial)
Key
nd = hot detectable

Table 17 — Values for maltose

Mean value Reproducibility limit Test material
X =phd R=nd sweetened drinking yoghurt
x =[1,77 g/100 & R=1,4g/100¢g commercial infant formula
X =phd R=nd low lactose UHT milk (MUVA reference sampje)
X =[,28g/100 g R=0,42g/100g infant formula (MUVA reference sample)
X =hd R=nd cream cheese (MUVA reference sample)
X =nd R=nd whey powder (MUVA reference sample)
X =nd R=nd processed cheese (MUVA reference sample)
X =nd R=nd sweetened condensed milk
X =2,43g/100¢g R=0,64g/100¢g infant formula (NIST certified reference material)
Key

nd = not detectable
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12 Test report

The test report shall contain the following data:

a)

b)
‘)
d)
e)
f)
g)

16

all information necessary for the identification of the sample (type of sample, origin and designation
of the sample);

areference to this document, i.e. ISO 22184 | IDF 244:2021;

the date and type of sampling procedure (if known);

the date of receipt;

the date
the test

any ope
results.

of test;

results and the units in which they have been expressed;

rations not specified in the method or regarded as optional, which could,have affected the
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Precision data

ISO 22184:2021(E)
IDF 244:2021(E)

The data given in Tables A.1 to A.6 were obtained in an interlaboratory study, organized by
Rotating Disc b.v. and Eurofins Carbohydrate Competence Centre, in accordance with ISO 5725-2 for

collaporative study procedures to validate the characteristics of a method of analysis. The report on the
interflaboratory study gives further information on chromatographic systems and settings,|see https:

standlards.iso.org/iso/22184/ed-1/en/ and Reference [12].

Table A.1 — Precision data for galactose in different dairy . samples

nd = not detectable

Parameter Sweet- | Com- UHT | Infant | Cream | Whey Y| Pro- | Sweet- | Infant
ened |mercial| milk for- |cheese |powder| cessed | en¢d |formu-
drink- | infant | MUVA | mula | MUVA ¢ MUVA | cheese | com- |laNIST
ing formu- MUVA MUVA |denged
yoghurt la milk

Year|of interlaboratory test| 2018 2018 2018 2018 2018 2018 2018 2018 2018

n = fumber of laboratories 13 11 13 13 13 13 13

Not dletected or missing — 2 — 2 — — —

datallaboratory no.

Cochran outlier(s) — — — — 2 —

(labgratory no.)

Gruhb outlier(s) — — 3 — —

(labgratory no.)

n (excl. outliers) 13 13 13 10 13 11 13

Meap value, x,g/100 g 0,70 0710 2,14 0,08 0,40 0,60 0,24 nd nd

s, (% mass 0,01 <0,01 0,03 | <0,01 | <0,01 | <0,01 | <0,01

fractlion)

CypIn% 1,4 5,6 1,2 6,5 2,3 1,4 2,8

r=[28xs,],g/100g 0,03 0,02 0,07 0,02 0,03 0,02 0,02

Sg (% mass fraction) 0,04 0,02 0,10 <0,01 0,03 0,03 0,02

Cyplin % 5,4 18,7 4,6 9,8 6,8 5,6 9,0

R=[R,8x5p].8/100g 0,11 0,05 0,27 0,02 0,08 0,09 0,06

HoR$Dyp =2x mean-0.15 4,2 5,6 3,6 5,8 4,6 4,3 49

HorRat= €}, z/HoRSDy 1,27 3,31 1,29 1,70 1,47 1,30 1,82

Key
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Table A.2 — Precision data for glucose in different dairy samples

Parameter Sweet- | Com- UHT | Infant | Cream | Whey | Pro- | Sweet- | Infant
ened |mercial| milk for- | cheese |powder| cessed | ened |formu-
drink- | infant | MUVA | mula | MUVA | MUVA | cheese | con- |laNIST
ing formu- MUVA MUVA |densed
yoghurt la milk
Year of interlaboratory test| 2018 2018 2018 2018 2018 2018 2018 2018 2018
n = number of laboratories 13 13 13 13 13 13 13
Not detected or missing 1 — — — 1 —
data laboratory no.
Cochran outlier(s) — — — — — — 1
(laboratory no.)
Grubb outliefr(s) — — — — — — 1
(laboratory no.)
n (excl. outligrs) 12 13 13 13 13 12 13
Mean value, [x ,g/100 g 0,45 1,17 2,23 1,08 0,38 0,48 nd nd 2/00
s, (% mass fyaction) 0,01 0,02 0,02 0,03 <0,01 0,02 0[03
Cypnin% 1,3 2,0 1,0 2,9 2,2 4,3 1,5
r=[2,8xs,]|g/100 g 0,02 0,06 0,06 0,09 0,02 006 0[09
Sp (% mass fraction) 0,02 0,08 0,09 0,10 0,03 0,04 0[10
Cyrin % 5,3 7,4 4,0 9,7 8,1 8,5 3,0
R=1[2,8xsz]l g/100 g 0,07 0,24 0,25 0,29 0,09 0,12 0)28
HoRSDg = 2 k mean-0.15 4,5 3,7 3,5 3,9 4,6 4,5 1,6
HorRat = Cy, t/HoRSDg 1,18 1,90 1,14 2,44 1,75 1,91 1/39
Key
nd = not detedtable
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Table A.3 — Precision data for fructose in different dairy samples

Parameter Sweet- | Com- UHT | Infant | Cream | Whey | Pro- | Sweet- | Infant
ened |mercial| milk for- | cheese |powder| cessed | ened |formu-
drink- | infant | MUVA | mula | MUVA | MUVA | cheese | con- |laNIST
ing formu- MUVA MUVA | densed
yoghurt la milk

Year of interlaboratory test| 2018 2018 2018 2018 2018 2018 2018 2018 2018

n = number of laboratories 13 13

not detected or missing 1 —

data laboratory no.

Cochran outlier(s) — —

(labgratory no.)

Gruhb outlier(s) — 2

(labgratory no.)

n (excl. outliers) 12 11

Mean value, x,g/100 g 2,16 nd nd 5,53 nd nd nd nd nd

s, (% mass fraction) 0,04 0,35

CV,r' in % 1,7 6,3

r=[2,8xs,],g/100 g 0,10 0,98

Sg (% mass fraction) 0,08 0,54

Cyplin % 3,6 9,8

R=[P,8xsg], g/100g 0,22 L5

HoR$Dg = 2 x mean0.15 3,6 3,1

HorRat = C},z/HoRSDy 1,02 3,2

Key

nd = hot detectable
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