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Forewords

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.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

rawn to the possibility that some of the elements of this document may\be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO’s adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This documgnt was prepared by Technical Committee\ISO/TC 34, Food products, Subcommittee| SC 5,
Milk and milk products, and the International Daity Federation (IDF), in collaboration with [AOAC
INTERNATIQNAL and ISO/TC 34, Food products)-Subcommittee SC 4, Cereals and pulses. It is |being
published jointly by ISO and IDF, and separately:by AOAC INTERNATIONAL.

Any feedback or questions on this document should be directed to the user’s national standards bpdy. A
complete listing of these bodies can befound at www.iso.org/members.html.
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IDF (the International Dairy Federation) is a non-profit private sector organization representing the
interests of various stakeholders in dairying at the global level. IDF members are organized in National
Committees, which are national associations composed of representatives of dairy-related national
interest groups including dairy farmers, dairy processing industry, dairy suppliers, academics and
governments/food control authorities.

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of
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Milk and milk products — Determination of amino acids in
infant and adult/paediatric nutritional formulas and dairy
products
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|

document specifies a method for the quantitative determination of total amino
noquinolyl-N-hydroxy-succinimidyl carbamate (ACQ) derivatization followed) b3
Fmance liquid chromatography (UHPLC) separation and ultraviolet (UV) detection.
bd for the determination, in one single analysis, of the following amino acids: alan
tic acid (combined with asparagine), cystine (dimer of cysteine, combined wi
mic acid (combined with glutamine), glycine, histidine, isoleucine, leucine, lysine,
rlalanine, proline, serine, threonine, tyrosine and valine.

ethod does not apply to the determination of tryptophan.

ethod is applicable to infant and adult/paediatric nutritienal formulas, dairy produ
ces such as cereals. It was validated in infant formulas{milk- and soy-based, includ
lysed and elemental products), toddler formula, adult nutritional powder, UHT sk
powder, sodium caseinate, whole milk powder, bran-pet food, dry pet food and bre
nnex A for details).

ormative references

are no normative references in this\document.

erms and definitions

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

acids using
v ultra-high-
It specifies a
ne, arginine,
th cysteine),
methionine,

Cts and other
ing partially
immed milk,
hkfast cereal

1d IEC maintain terminology databases for use in standardization at the following addresses:

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

C Electropedia: available at https://www.electropedia.org/

formula

[SOURCE: Codex Standard 72-1981]

3.2

adult/paediatric nutritional

hirements of

y feeding

nutritionally complete, specially formulated food, consumed in liquid form, which may constitute the
sole source of nourishment, made from any combination of milk, soy, rice, whey, hydrolysed protein,
starch and amino acids, with and without intact protein

4 Principle

Proteins are hydrolysed in 6 mol/1 hydrochloric acid (HCI) for 24 h at 110 °C in the presence of phenol,
3-3'-dithiodipropionic acid (DDP) and norvaline. Phenol is added to prevent halogenation of tyrosine.

© ISO and IDF 2022 - All rights reserved 1
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Norvaline is added as an internal standard. DDP is added to convert cystine and cysteine to S-2-
carboxyethylthiocysteine (XCys), as described in Reference [1], and the resulting derivative can be
separated from other amino acids for quantification.

After neutralization, amino acids and converted XCys are derivatized with AQC. Derivatized amino
acids are separated using reversed phase UHPLC with UV detection at 260 nm.

NOTE Fluorescence detection can be used provided equivalence has been demonstrated.

During acid hydrolysis, glutamine (Gln) and asparagine (Asn) are converted to glutamic acid (Glu) and
aspartic acid (Asp), respectively. Thus, Glu values represent the combined values of Glu and Gln, and
Asp values represent the combined values of Asp and Asn. Cys2 values represent the combined values
of cysteine and cystine since both are converted to XCys by DDP.

5 Reagents
Use only reagents of recognized analytical grade.

Commercial references are only a guideline. Equivalent chemicals or materials-can be used pravided
their equivalence has been demonstrated. Before using chemicals, refer to the'safety data sheefs and
ensure that the safety precautions are applied.

5.1 AccQ-Tag™ Ultra Derivatization Kit (Waters 1860038361).

As an altg¢rnative derivatizing buffer, di-sodium tetraborate decahydrate (CAS Registry
Number©?2) 1303-96-4) can be used.

As an alternptive tagging reagent, 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (CAS 148757-
94-2) can bejused.

5.2 AccQ-Tag™ Ultra Eluent A concentrate (Waters 1860038381).

As alternativle reagents, acetonitrile, gradient.grade for liquid chromatography (LC) (CAS 75-05-§), and
formic acid (LAS 64-18-6) can be used.

5.3 AccQ-Tag™ Ultra Eluent B (Waters 1860038391).

As alternatiye reagents, acetonitrile, gradient grade for LC (CAS 75-05-8), formic acid (CAS 64{18-6)
and ammonifim formate (CAS540-69-2) can be used.
5.4 Pheno] (CAS 108-95-2).

5.5 3,3"-Dithiedipropionic acid (CAS 1119-62-6).

5.6 Amino acid standard solution, containing the following 17 amino acids at 2,5 pmol/ml each
(except L-cystine at 1,25 pmol/ml) in 0,1 mol/l HCl: L-alanine, L-arginine, L-aspartic acid, L-cystine,
L-glutamic acid, L-glycine, L-histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine,
L-proline, L-serine, L-threonine, L-tyrosine and L-valine.

5.7 L-cystine (CAS 56-89-3).

1) Thisisan example of a suitable product 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 the product named. The alternative
reagents listed in this document have been shown to lead to the same results.

2)  CAS Registry Number® is a trademark of CAS corporation. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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Norvaline (CAS 6600-40-4).
Sodium hydroxide pellets, reagent grade (CAS 1310-73-2).
Sodium hydroxide solution (CAS 1310-73-2), substance concentration ¢ = 1 mol/l.

Sodium hydroxide solution (optional) (CAS 1310-73-2), ¢ = 6 mol/I.

Hydrochloric acid fuming 37 % (CAS 7647-01-0), c = 12 mol/], GR grade for analysis.

5.13

5.14

5.15

6 R

6.1

6.1.1

Hydrochloric acid solution (CAS 7647-01-0), ¢ = 1 mol/L.
Hydrochloric acid solution (CAS 7647-01-0), c = 0,1 mol/l.

Laboratory water, with a resistivity of 18,2 MQ-cm (ultra-pure water);

eagents and standard preparation

General

Sodium hydroxide (NaOH) solutions, c = 6 mol/¥.¢’= 0,2 mol/l and c = 0,05 mol/I.

For the ¢ = 6 mol/l solution, weigh out 24 g of sodium+hydroxide (5.9) into a 100 ml volu

Disso

For
make

ve in about 80 ml of water. Allow to cool dowir*and dilute to the mark with water. Oj

comr:[ercially available equivalent (5.11).
t

e ¢ = 0,2 mol/I solution, pipet 20 mL 0f1 mol/l NaOH (5.10) into a 100 ml volumet
up to the mark with water.

For the ¢ = 0,05 mol/I solution, pipet 5 ml of 1 mol/l NaOH (5.10) into a 100 ml volumet

make
6.1.2
Pipet

6.1.3

Into 4

(6.1.1).

up to the mark with water.

Hydrochloric acid-(H€l) solution, c = 0,2 mol/l.

20 ml of 1 mol/l HEH(5.13) into a 100 ml volumetric flask and make up to the mark w

DDP solution, mass concentration p = 10 g/1 (in NaOH, ¢ = 0,2 mol/1).

50 mlkwvelimetric flask, weigh out 500 mg of DDP and make up to the mark with 0,2

metric flask.
btional: use a

ric flask and

ric flask and

ith water.

mol/1 NaOH

6.1.4

Phenol/HCI solution, p =1 g/I (in HCI, ¢ = 12 mol/l).

Into a 100 ml volumetric flask, weigh out 100 mg of phenol and make up to the mark with 12 mol/1 HCI
(5.12).

6.1.5

AccQ-Tag™ Ultra Derivatization kit.!)

Prepare the reagents included in the kit following the manufacturer’s instructions.

6.1.6

AccQ-Tag™ Ultra Borate buffer (reagent 1).1)

Ready-to-use solution. An alternative reagent is sodium tetraborate in water solution (p = 50 g/1). Into
a 100 ml volumetric flask, weigh 5 g of sodium tetraborate decahydrate, dissolve and make up to the
mark with water.

© ISO and IDF 2022 - All rights reserved
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6.1.7 AccQ-Tag™ Ultra reagent (vial 2A and 2B).1)

Reconstitute AccQ-Tag™ Ultra reagent (vial 2A) according to the manufacturer’s instructions as follows:

a) Preheata heating block to 55 °C.

b) Tap vial 2A lightly before opening to ensure all AccQ-Tag™ Ultra reagent powder is at the bottom of
the vial.

¢) Rinse a clean micropipette by drawing and discarding 1 ml of AccQ-Tag™ Ultra reagent diluent
from vial 2B (ready-to-use solution). Repeat twice.

d) Draw 1,jmifromviat2BamdtramsferittotieAccd TagTM Hitrareagentpowdertrvial 2A—€ap the
vial tightly.

e) Vortex n[ix for approximately 10 s.

f) Heat via] 2A on top of the preheated heating block until the AccQ-Tag™ Ultra, reagent powder is

dissolve

Once reconst
reconstitute

CAUTION —
tightly whe
yellow or grj

The followinlg alternative reagent can be used. Into a 4 ml\xial, weigh out approximately 3,0

4,0 mg of 6-

grade acetonlitrile instead of the AccQ-Tag™ Ultra reagentdiluent.

6.2 Norvaline (Nva) internal standards

6.2.1 Nva
Weigh 117,16

6.2.2 Nva

Pipet 2,5 ml
0,1 mol/1 HC

Store both N

6.3 Cystin

1. Do not heat the reagent for longer than 10 min.

ituted, the AccQ-Tag™ Ultra reagent concentration is approximatély 10 mmol/1. Sto
1 AccQ-Tag™ Ultra reagent in a desiccator at room temperature-for up to one week.

AccQ'Tag™ Ultra reagent reacts with atmosphericémoisture. Seal the cont
h not in use. Do not refrigerate. Do not use discoloured reagent, especially i
een.

hminoquinolyl-N-hydroxysuccinimidyl carbamate. Continue with step c) above usir

stock solution, ¢ = 10 mmol/l1.

mg Nva into a 100 ml volufnetric flask and make up to the mark with 0,1 mol/1 HCI (|

solution, ¢ = 2,5 mmelyl-

of Nva stock soldtjon (6.2.1) into a 10 ml volumetric flask and make up to the mark
(5.14).

ya solutipng’at =20 °C for up to six months as 2 ml aliquots.

e calibration standards

re the

ainer
f it is

ng to
g LC-

5.14).

with

6.3.1 Cystine stock solution, ¢ = 10 mmol/I.

Weigh 240 mg cystine into a 100 ml volumetric flask and make up to the mark with 0,05 mol/l NaOH

(6.1.1). Store

this solution at =20 °C for up to three months as 1 ml aliquots.

6.3.2 Cystine solution, c = 1 mmol/l.

Add 900 pl of 0,05 mol/1 NaOH (6.1.1) to 100 pl of cystine stock solution (6.3.1). Prepare this solution
freshly for each analysis.

© ISO and IDF 2022 - All rights re
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Amino acid (AA) calibration standards (with exception of cystine)

AA stock solution, ¢ = 2,5 mmol/l.

Amino acid standard solution is ready-to-use and contains 2,5 mmol/l of each amino acid (although
present in this solution, cystine is not used for quantification and is prepared separately, see 6.3).

Store this calibration standard stock solution at -20 °C for up to six months as 250 ul aliquots.

6.4.2

Add 6
each

6.4.3

Add 9
each

6.5

6.5.1
Prepd
a) M

AA solution 1, c = 0,5 mmol/1.

hnalysis.

AA solution 2, ¢ = 0,05 mmol/I.

nalysis.
Chromatography solvents (mobile phases)

Eluent A (Solvent A).
re Eluent A from AccQ-Tag™ Ultra Eluent A concentrate as follows:

easure 850 ml of water into a 1 1 graduated cylinder.

b) 1

c)

Elue
stablg

As an

dd the concentrate to the water and mix-thoroughly.

for one week at room temperature.

n freshly for

00 pl of 0,1 mol/1 HCI (5.14) to 100 pl of AA solution 1 (6.4.2). Preparie this solutign freshly for

a separate graduated cylinder, measure 15@'ml of AccQ-Tag™ Ultra Eluent A concenfrate.

A concentrate, once opened, shall-be stored tightly capped at around 4 °C. Dilutg Eluent A is

alternative for Eluent A congentrate, the following solution can be used. Mix 840 ml of 200 mmol/1

ammonium formate solution((12,61 g ammonium formate in 1 I of water), 110 ml of acetonitrile and

50 m] of formic acid. Prepare Eluent A from the concentrate as described above.

6.5.2| Eluent B (Solvéent B).

AccQqilTag™ Eluent.B is supplied as a working solution. No additional preparation is requifed. Eluent B,
once ppened,.shall be stored tightly capped at around 4 °C for no longer than one month.

As an] alternative for Eluent B, the following solution can be used. Add 13,2 ml formic acid to 1 1
acetohitrile.

6.5.3 Wash solvents.

a) The weak needle wash solvent is 50 ml/] acetonitrile in water.

b) T
c T

he strong needle wash solvent is 950 ml/] acetonitrile in water.

he seal wash solvent is 500 ml/] acetonitrile in water.

© ISO and IDF 2022 - All rights reserved
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7 Apparatus

7.1 UHPLC system that sustains a pressure of approximately 62 MPa and can achieve baseline
separation of the amino acids?).

7.2 Chromatography column, ACQUITY UPLC™ BEH C18 Column, 130 A, 1,7 um, 2,1 mm x 150 mm
(Waters 1860023531) or equivalent, provided baseline separation of the amino acids is achieved.

7.3 Adjustable micropipettes, of volume 10 pl, 20 pl, 200 ul and 1 000 pl and tips.

7.4 Vortey mixer.

7.5 Analytical balance, with a precision of 0,1 mg.

7.6 Heating block, able to maintain a temperature of 55 °C + 2 °C.

7.7 Laboratory oven, able to maintain a temperature of 110 °C + 2 °C.

7.8 Syringe filter, 0,45 pm Polyvinylidene fluoride (PVDF) Millex®-HV. (e.g. Millipore SLHV013NL
or equivalent).

7.9 Syringes, of 2 ml volume.

7.10 Borosilicate glass tubes (e.g. Pyrex), of 10 ml volume with screw cap.
7.11 Microtubes, of volume 1,5 ml and 2 ml.

7.12 Vial wjth screw cap, of volume 4 ml.

7.12.1 Glas§ screw neck total recoverywial, 12 mm x 32 mm (Waters 186000384CY or equivalent).

8 Sample¢ analysis

8.1 Sample preparation

Prepare different sample types differently. Powder infant and adult/paediatric nutritional formulas
shall be recopstituted'in water first. Other samples are used without reconstitution.

Reconstituteg pewder infant and adult/paediatric nutritional formula samples by adding 25 g pow{er to
200 g water hnd mix fhnrmlghly \/\/pigh 220 mg + 20 mg reconstituted pm/\rdprc intoa 10 ml g]nc 5 tube

with screw cap. Report the sample mass to 0,1 mg.

For ready-to-feed infant and adult/paediatric nutritional formula and liquid dairy samples, weigh
220 mg + 20 mg liquid into a 10 ml glass tube with screw cap. Report the sample mass to 0,1 mg.

For dairy powder and cereals samples, weigh 50 mg + 5 mg dairy powder samples or 100 mg = 10 mg
cereals samples into a 10 ml glass tube with screw cap. Report the sample mass to 0,1 mg.

To each tube, add water, DDP, HCl, Nva and phenol/HCl according to Table 1.

3) Agilent 1260 Infinity I11), Waters Acquityl), Waters Acquity-11), Waters Acquity-H1) and Thermo Fisher Scientific
3000 RSY have been successfully used during the multi-laboratory study.

6 © ISO and IDF 2022 - All rights reserved
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Add the phenol/HCI solution under the hood. Sparge the tube a minimum of approximately 5 s with a
stream of nitrogen to displace oxygen. Close tubes with screw caps and vortex. Make sure the caps are
perfectly clean (i.e. devoid of any particle) to ensure tightness and avoid evaporation during hydrolysis.

Table 1 — Preparation of the sample tubes

Solution Reconstituted infant formulas | Dairy powders Cereals
and adult nutritionals, ready-
to-feed formulas and liquid
dairy samples
Sample, mg 220 50 100
Water, ul 880 750 1000
DDP dolution (6.1.3), ul 600 600 600
0,2 mpl/1 HCI (6.1.2), ul 600 600 600
Nva sfock solution (6.2.1), pl 200 500 200
Phen¢l/HCI solution (6.1.4), ul 2500 2500 2500
8.2 |Cystine calibration standards preparation
Table|2 describes how to prepare calibration standards for conyerted cystine at 0 pmol/p| to 10 pmol/
ul with Nva at 10 pmol/ul (all are final concentrations after derivatization).
Add the phenol/HCI solution under the hood. Sparge the tube approximately 5 s with|a stream of
nitrogen to displace oxygen. Close tubes with screw caps,and vortex. Make sure the caps pre perfectly
clean|(i.e. devoid of any particle) to ensure tightness and avoid evaporation during hydrolysis.
Table 2 — Final cystine concentration after derivatization
Solution 10 pmol/pl | 5 pmol/ul | 2,5 pmol/pul | 1 pmol/ul | 0,5 pmol/ul | 0 pmol/pl
Cystifie solution, pl 2002 1002 502 200V 100b 0
Watef, pl 900 1000 1050 900 1000 1100
DDP dolution (6.1.3), pl 600 600 600 600 600 600
0,2 mpl/1 HCI (6.1.2), ul 600 600 600 600 600 600
Nva sfock solution (6.2.1), pl 200 200 200 200 200 200
Phen¢l/HCl solution (6.L4) 1| 2500 2500 2500 2500 2500 2500
a 10 mmol/] cystinestock solution (6.3.1).
b 1jmmol/] cystineSolution (6.3.2).
8.3 |Hydrolysis (of samples and cystine standards)
Placeftubes in an oven at 110 °C + 2 °C for 24 h + 0,5 h.
8.4 Neutralization and dilution (of samples and cystine standards)

Take the tubes out of the oven. Allow hydrolysates to cool down and particles to settle down prior to
taking an aliquot. When transferring aliquots, pipet about 1 cm below the top of the liquid. Perform

neutr

alization under the hood.

For infant formula, liquid dairy and cereal samples as well as converted cystine standards, transfer
0,2 ml of each hydrolysate (samples and converted cystine standards) into a 1,5 ml microtube, add
0,2 ml of 6 mol/1 NaOH (6.1.1) and then 0,4 ml of 0,1 mol/l HCI (5.14). Mix well and filter through a
0,45 pm membrane filter into another 1,5 ml microtube.

© ISO and IDF 2022 - All rights reserved
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For dairy powder samples, transfer 0,2 ml of the hydrolysate sample solution into a 2 ml microtube,
add 0,2 ml of 6 mol/l NaOH (6.1.1) and then 1,6 ml of 0,1 mol/1 HCI (5.14). Mix well and filter through
0,45 pm membrane filter into another 2 ml microtube.

8.5 Amino acids calibration standards preparation (not needed to be acid hydrolysed)

Table 3 shows how to prepare 0,5 ml calibration standards at 0 pmol/ul to 25 pmol/ul and Nva at
10 pmol/pl (all are final concentration after derivatization).

The amino ac

id solutions are stable for one week when stored at 4 °C + 2 °C.

Table 5 — Amino acid concentrations (each, final, after derivatization)

Solution 25 pmol/ul | 10 pmol/pl | 5 pmol/pl | 1 pmol/ul | 0,5 pmol/pL{‘0ypmopl/ul
Amino acid s¢lution, ul 502 100Pb 50b 100¢ 50¢ q
Water, pl 50 100 50 100 50 |
Nva solution (6.2.2), pl 20 20 20 20 20 2D
0,1 mol/1 HCI|(5.14), pul 380 280 380 280 380 440

a  2.5mmol

b 0,5 mmol

0,05 mmoll

C

| AA stock solution (6.4.1).
| AA solution 1 (6.4.2).

1 AA solution 2 (6.4.3).

8.6 Derivatization (of samples, cystine standards and amino acids standards)

Derivatizatid

derivatized f
Preheat

With a 1
12 mm X

Add 10
cystine

Add 20

Mix the
immedid

Let stan

pllowing the manufacturer’s instructions, asfollows:
h heating block to 55 °C.
hicropipette, add 70 pl of AccQ-Tag™ Ultra Borate buffer (reagent 1, see 6.1.6) to a

Vortex njix briefly.

n converts free amino acids into highly stable derivatives. Standards and sample

32 mm glass screw neck total recovery vial.

1 of calibration standard (835), neutralized sample solution (8.4), or neutralized cony
tandard (8.4) to the viak:

1 of reconstitutedAccQ-Tag™ Ultra reagent (6.1.7) to the sample vial.

solution immediately by pipetting up and down several times. Cap and mix by v
tely for$eyeral seconds and tap the vial to ensure no bubble is trapped.

[l fof, ¥'min at room temperature.

Q Q

Heat the

et I 1 o 11 1 c EWay : PR =N oVl 4 00
vidl 'l d [IC€4lllly DIOCK 101 TU T dt 0o UG T 1 L.

8.7 UHPLC separation

Perform UHPLC separation as follows:

Prime solvent lines for 5 min.

Prime wash/sample syringes for four cycles.

S are

clean

erted

ortex

Allow the chromatographic system to stabilize before injecting standards and samples. Make sure

the system pressure and initial conditions are stable before performing injections (around 62 MPa).

Before starting a series of analyses, inject two blanks (water) to condition the column.

© ISO and IDF 2022 - All rights re

served


https://standardsiso.com/api/?name=485a7aa5a1dd1b77c5c9fdd22b143f8f

ISO 42
IDF 2

14:2022(E)
54:2022(E)

Inject 1 pul of each derivatized calibration standards, and then inject 1 pl of derivatized sample

solutions. Perform single injections. Add a blank injection (water) at the end of each calibration
series.

p

NOTE

Operd
of wa

erform UHPLC under the following conditions and those given in Table 4:
column temperature: 50 °C;
UV detector: 260 nm;
injection volume: 1 ul;

- flow rate: 0,4 ml/min;

- mobile phase A: Eluent A (6.5.1);

- mobile phase B: Eluent B (6.5.2).

Fluorescence detection can be used provided equivalence has been demonstrated.

ting conditions can vary depending on the apparatus. Follow theisupplier’s instructio
5h solvents used with Waters UPLC systems)) are given in 6.5.3¢

Table 4 — Eluent gradient

ins. Examples

Time % A % B Curve
0,00 99,9 0,1

5,50 99,9 0,1 y
15,22 90,9 9,1 T
20,47 78,8 21,2 q
21,26 40,4 59,6 q
21,29 10 90 4
22,84 10 90 ¢
26,00 99,9 0,1 q
32,00 99,9 0,1 q

8.8

Ident
corre
been

To ve

Peak identification and integration

fy the aminoe{acids peaks in the sample solution by comparison with the retention|
sponding péaks obtained in the calibration standards (see Annex B for examples). If a
ntegrated correctly, call the recorded data and reintegrate.

Fify. System stability, inject a mid-level standard a minimum of three times (5 x for |

Pharr

Afonania (TICDY) s At o) oo AXCIIrA BAacI A oA o za- o

times of the
peak has not

United States
coefficient of

d A ratantio 10 ax
lCl\’UlJ\.I\./lCl k\Jqu J 1\.\.1\.111 Llll\all\-;)) dIlu Cliour o l\'DlJUllD\, (2394w lbL\./llLl\.lll leu\.o IIave d

variation, C, < 2.

Check that peaks are separated with a good resolution (baseline separation). If this is not the case,
adapt the chromatographic conditions (gradient, temperature, tubing length, etc.) accordingly.

To check that the derivatization reagent was present in sufficient amount (excess), verify that the
derivatization peak is present in the chromatogram. The response of the excess reagent is present in
the chromatography as the large 6-aminoquinoline (AMQ) peak first to elute. The response should be
equal to that of the 25 pmol/ul standard or the reaction and sample should be flagged and discarded.

The d

erivatization peak at approximately 17 min prior to lysine can be ignored.
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9 Calculation and expression of results

9.1 Calibration curve

Establish the calibration curve from the six different calibration standards for each amino acid and
converted cystine at the beginning of each series of analyses by plotting the response (peak area ratio
of analyte versus internal standard, multiplied by the concentration of the internal standard, see
Formula (1) against analyte concentration:

R="5xc, €
is

where

R is the response;

A is the peak area of individual amino acids in the calibration standard solution;

A, isthe peak area of internal standard in the calibration standard solution;

¢;s is the concentration of internal standard in the calibration standard solution, in pmol/yl.
Force the lipear regression through zero. Check the linearity ofithe calibration (the correjation
coefficient R shall be above 0,99).
9.2 Aming¢ acid calculation
Calculate thg amount of individual amino acids present@n the sample in pmol/pl from the calibration
curve using Formula (2):

¢ = i‘;xcﬁ )

1S

where

Cs is the concentration of individual amino acid in the test sample solution in pmol/pl;

A, is the peak area of individual amino acid in the test sample solution;

¢;s is the concentration of internal standard in the test sample solution, in pmol/pl;

is isthe peakfapea of internal standard in the test sample solution;

S is the/Slope of the calibration curve (all curves are forced through zero, equation: y = ax).
Calculate themass fraction, w; of eachr amino actd, Tn mitiigram per 100 gof product, using Formula (3):

W:chMAxVS xdy xd, 3)

mg x10

where

¢, isthe concentration of individual amino acid in the test sample solution in pmol/pl;

M, isthe molar mass of individual amino acids in g/mol (see Table 5);

V,  isthe volume of hydrolysis solution in ml (typically V, = 5 ml);

d, isthe dilution factor in the neutralization step (4 or 10, depending on the sample);
10 © ISO and IDF 2022 - All rights reserved
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d, isthe dilution factor in the derivatization step (10);

m, is the mass of the test portion in mg;
10  is the combined factor to convert pg to mg (10-9), ml to pl (103) and mg to 100 g (1/10-5).
Table 5 — Molar mass (M,) of amino acids
Amino acid My Amino acid My
g/mol g/mol
Alanine 89,10 Lysine 146,19
Arginine 174,20 Methionine 149,21
Aspartic acid 133,11 Phenylalanine 165,19
Cystine 240,30 Proline 115,13
Glutamic acid 147,13 Serine 105,09
Glycine 75,07 Threonine 119,12
Histidine 155,16 Tyrosine 181,19
Isoleucine 131,18 Valine 117,15
Leucine 131,18
10 Brecision
10.1|General
Detai|s of the interlaboratory test of the precisionof the method are summarized in Annex A. The values

deriv
matri

10.2

The a
using|

not more than 5 % of the cases. The values of r are given in Table 6.

10.3

bd from the interlaboratory test may net be applicable to analyte concentration rg
ces other than those given in Annex A.

Repeatability

bsolute difference between-two single test results found on identical test material by
the same apparatus with the shortest feasible time interval will exceed the repeatab

Reproducibjlity

The

two lgboratories will exceed the reproducibility limit R in not more than 5 % of the cases.

R are

bsolute difference between two single test results found on identical test material

iven-in Table 6.

inges and/or

one operator
lity limit rin

reported by
['he values of
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11 Test report

The test report shall specify:

a)
b)

A
d)

e)

f)

all the information required for the complete identification of the sample;
the sampling method used, if known;

the method used, with reference to this document, i.e. ISO 4214 | IDF 254;

all operating details not specified in this document, or regarded as optional, together with details

of any incident which might have influenced the result(s);

the test result(s) obtained and, if the repeatability or the recovery has been chéck
guoted result obtained;

the date of the test.
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Annex A
(informative)

Precision data

The data given in Tables A.1 to A.17 were obtained in an international interlaboratory study, and
published in 2021[2] in accordance with ISO 5725-2[3] and the AOAC-IUPAC Harmonized Protocol for

collaborativgstudy procedures; 4o assess preciston characteristics of amethod of amatysis:The
was performled based on requirements for collaborative study procedures to validate characteris

a method of

The results
Samples S1,
powder plus

16

nalysis.[2] Those requirements applied only to samples S1 to S9.

bf samples S5, D1, D2, D3, D4, C1, C2 and C3 are expressed as mg/100 g sample “

200 g water).

study
Fics of

hs is”.

52, S3, S4, S6, S7, S8 and S9 are expressed as mg/100 g reconstituted final product|(25 g

© ISO and IDF 2022 - All rights re
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