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INTERNATIONAL STANDARD IS0 20631:2023(E)

Infant formula and adult nutritionals — Determination of total
folate content by trienzyme extraction and ultra high
performance liquid chromatography tandem mass spectrometry
(UHPLC-MS/MS)

1 Scope
This document specifies a method for the analysis of total folate in infant formula and adult nutritionals

using trienzyme extraction and ultra-_high performance liquid chromatography tandem mas}s
spectrometry (UHPLC-MS/MS) .

2 Normative references

There are no normative references in this document. ‘ D

3 Terms and definitions

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

IS0 and IEC maintain terminology databases for use in standardization at the following addresses;

Formatted: Don't adjust space between Latin and Asian
text, Don't adjust space between Asian text and
numbers

ISO Online browsing platform: available at h

—. IEC Electropedia: available at https://www-eleetropedia-erg/https: //www.electropedia.org/,

3.1

adult nutritional

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

3.2

infant formula

breast-milk substitute specially manufactured to satisfy, by itself, the nutritional requirements of
infants during the first month of life up to the introduction of appropriate complementary feeding

[SOURCE: Codex Standard 72-1981]

54 Principle

Folates in a sample are extracted in a buffer (pH = 6,0) containing internal standards by treatments with
protease, amylase and rat plasma conjugase (trienzyme digestion). The extract is purified and
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concentrated using a weak anion exchange (WAX) solid phase extraction (SPE). Polyglutamate forms of
folates in the sample are deconjugated to monoglutamates during the extraction and are analysed by
UHPLC-MS/MS. Folic acid, 5-methyl-tetrahydrofolate (5-CHs-THF) and, 5-formyl-tetrahydrofolate (5-
CHO-THF) are quantified, and total folate is estimated and expressed as folic acid. Isotopically labelled
folic acid (13C-folic acid), 5-CH3-THF (13C-5-CH3.THF) and 5-CHO-THF (13C-5-CHO-THF) are used as the
internal standards (IS).

65 Reagents and materials

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

Most of the chemicals used are LC-MS grade unless specified. Product numbers and suppliers, when
listed, reflect those used in validation. Equivalent chemicals can be used.

All chemicals used in preparation of standards were stored at a minimum at -20 °C or as directed by the
manufacturer. Because folate compounds are light sensitive, all samples and standards shall be
prepared, handled and stored in the dark or under yellow-shielded lighting or UV-filtered lighting. If
standards and samples shall be transported through or into an area without UV-filtered lighting, they
shall be tightly wrapped in foil.

Store chemicals per manufacturer guidelines or set conventions.

6-15.1List of reagents * Formatted: Don't adjust space between Latin and Asian
text, Don't adjust space between Asian text and
5.1.1 Folic acid (standard) (FA), Schircks Laboratories, Cat. No. 16.203 1, <\£ numbers, Tab stops: 20 pt, Left
calcium salt, Schircks
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5.1.2 (6R,S)-5-Methyl-5,6,7,8-Tetrahydrofolic acid (5-CHs-THF),
Laboratories, Cat. No. 16.2351.

5.1.3 (6S)-5-Formyl-5,6,7,8-Tetrahydrofolic acid (5-CHO-THF), calcium salt, Schircks
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5.1.4 Pteroyltri-y-L-glutamic acid (Folic acid triglutamate) (Pte-Glu3), Schircks Laboratories, Cat
No. 16.2531

5.1.5 13Cs-Folic Acid (internal standard) (13Cs-FA), IsoSciences, PA, Cat# 141391, \ Egisptr '—eLftft‘f 158.75 pt, Left + 178.6 pt, Left +
A5 pt, Le

5.1.6 13Cs-labelled (6S)-5-methyltetrahydrofolic acid (13Cs-CH3-THF), calcium salt (internal \ Formatted Font: 11 pt }
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5.1.8 a-Amylase from Aspergillus oryzae, powder, 2 150- units/mg protein, Sigma-Aldrich, Cat. Ng.
A98571).

5.1.9 Protease from Bacillus licheniformis, Subtilisin A, lyophilized powder, Sigma-Aldrich Cat. Nd.
P39101.

5.1.10 Conjugase (Male Sprague Dawley Rat Plasma) with lithium and heparin (not filteredjnf*

BIOIVT Cat. No. RATOOPLLHMNND.

An alternate source for the rat plasma reagent is Odine Bioscience, ;1621 Central Ave., Cheyenne, WY-

82001, USAinf@edinbiescience.comBUSAinf@odinbioscience.com?) or Lampire Biological Laboratorieg, \\
\

Pippersville, 18947. PA, USAD.

After careful evaluation of the activity on the substrate, pancreatic conjugase can be also used. A source \

for this reagent is y-glutamyl hydrolase, turkey pancreas, order# 2800, ASA Enzymes, Niedersachsen,
38302, Germany%,

5.1.11 Ammonium hydroxide solution, (certified ACS Plus) 28 % to 30 % (mass fraction), [aqueous«\\

ammonia), Fisher, Cat. No. A669-5001.

5.1.12 Sodium phosphate, dibasic anhydrous (granular or powder/certified ACS, 2 99 %), Fisher Cat.
No. S-374-5000.

5.1.13 Methanol, Optima LC/MS grade, 99,9 % minimum, Fisher Cat. No. A456-41.

5.1.14 Glacial acetic acid, (certified ACS), Fisher, Cat. No. A38S-2121).

5.1.15 Sodium hydroxide, (pellets/ACS Certified), = 97 %, Fisher Cat. No. S318-11).

5.1.16 Ammonium acetate, (crystalline/certified ACS), = 97 %, Fisher Cat. No. A637-5001.

5.1.17 2-Mercaptoethanol, (electrophoresis grade), =98 %, Fisher Cat. No. BP176-100; Sigmp
M6250D.

5.1.18 Ascorbic acid, (white crystalline powder), = 99 %, Fisher Cat. No. BP351-500D.

5.1.19 Tris-(2-carboxyethyl)phosphine, hydrochloride (TCEP-HCl), Fisher, Cat. No. A(C
3638301000.

5.1.20 Charcoal, (Darco G-60 activated carbon), Fisher Cat. No. D127-500D.
5.1.21 Formic acid, (reagent grade), = 95 %, water < 2,5 %, acetic acid < 1 %, Sigma F05071.

5.1.22 Water, (high purity, suitable for HPLC mobile phase), resistivity up to 18 MQ-cmD.

6:25.2 Preparation of solvent for standard solutions

.
5.2.1 Stock solvent, substance concentration ¢ =15,6 x 10-3-mol/l ammonium acetate buffer with W

25 9% ascorbic acid and 1 % mercaptoethanol, pH = 5,5.

Accurately weigh 0,6 g + 0,01 g of ammonium acetate and transfer into a 500 ml beaker. In a fume hood,
slowly add approximately 300 ml of HPLC water and 2,4 ml of glacial acetic acid. Add 125 g of ascorbic
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