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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Infant

formula and adult nutritionals — Determination

of total folate content by trienzyme extraction and ultra

high p

erformance liquid chromatography tandem mass

spectrometry (UHPLC-MS/MS)

1 Scopé¢

This docut
using trien
(UHPLC-M

2 Norm

nent specifies a method for the analysis of total folate in infant formula and adult 1
zyme extraction and ultra high performance liquid chromatography tandemmmass sp¢
5/MS).

ative references

There are o normative references in this document.

3 Term

For the puj
ISO and IE
ISO On

IEC El¢

3.1
adult nutn

s and definitions
poses of this document, the following terms and definitions apply.
[ maintain terminology databases for use in staidardization at the following addresse

line browsing platform: available at https://#Www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

itional

nutritionally complete, specially formulated food, consumed in liquid form, which may constity

source of 11
amino acid|

3.2

ourishment, made from dny combination of milk, soy, rice, whey, hydrolysed protein,
s, with and without intact protein

infant formula

breast-mill
during the

[SOURCE:

x substitute specially manufactured to satisfy, by itself, the nutritional requirement;
first monthef life up to the introduction of appropriate complementary feeding

[odex Standard 72-1981]

utritionals
bctrometry

2]

te the sole
starch and

of infants

4 Pl‘indip}c

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 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-CH3-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-CH;-

THF (13C-5

-CH5-THF) and 5-CHO-THF (13C-5-CHO-THF) are used as the internal standards (IS).

© IS0 2024 - All rights reserved
1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=987cb4d9e1946583b78e33c94ce38050

ISO 20631:2024(en)

5 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 chenjicals per manufacturer guidelines or set conventions.
5.1 Listjof reagents
5.1.1 Folic acid (standard) (FA), Schircks Laboratories, Cat. No. 16.203Y.

5.1.2 (6R,S)-5-Methyl-5,6,7,8-Tetrahydrofolic acid (5-CH;-THF), calciuiy salt, Schircks Laporatories,
Cat. No. 16(235%,

5.1.3 (6%)-5-Formyl-5,6,7,8-Tetrahydrofolic acid (5-CHO-THF), calcium salt, Schircks Laboratories,
Cat. No. 16/2219.

5.1.4 Pteroyltri-y-L-glutamic acid (Folic acid triglutamate) (Pte-Glu3), Schircks Laboratories, Cat.
No. 16.253}

An alternate source for this reagent is Toronto Reseatch Chemicals, Toronto, Canada, Cat No P84(2201).
5.1.5 13(;-Folic Acid (internal standard), (3C;-FA), IsoSciences, PA, Cat# 141391,

5.1.6 13(;-labelled (6S)-5-methyltetrahydrofolic acid (13C¢-CH;-THF), calcium salt (internal|standard),
IsoSciences, PA, Cat# 14168Cal).

5.1.7 13(s-labelled (6S)-5-formyltetrahydrofolic acid (13C;-CHO-THF), calcium salt| (internal
standard),[Merck Ciel).

An alternafte source is asi chemicals, 1837 University Circle, Sci. Bldg, Rm. 308, Cheyney, PA 19319, USA.
Web: wwwl.asichemical¥.com; email: info@asichemicals .com, Phone: 609-440-00201). Available in 1 mg size.
A kit of all the thre€internal standards each in 1 mg size is also available from this source.

5.1.8 a-Amylase from Aspergillus oryzae, powder, = 150 units/mg protein, Sigma-Aldrich, Cat. No.
A98571).

5.1.9 Protease from Bacillus licheniformis, Subtilisin A, lyophilized powder, Sigma-Aldrich Cat. No.
P3910Y.

1) Listed chemicals were used in the validation study. They are examples of suitable products available commerecially.
This information is given for the convenience of users of this document and does not constitute an endorsement by I[SO of
these products. Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2024 - All rights reserved
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5.1.10 Conjugase (Male Sprague Dawley Rat Plasma) with lithium and heparin (not filtered), BIOIVT
Cat. No. RATOOPLLHMNND,

An alternate source for the rat plasma reagent is Odin Biosciencel), 1621 Central Ave., Cheyenne, WY 82001,
info@odinbioscience.com or Lampire Biological Laboratories, Pippersville, 18947. PA, USAD.

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, = 99 %), Fisher Cat. No.
S-374-5001).

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

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

5.1.15 Sodium hydroxide, (pellets/ACS Certified), = 97 %, Fisher Cat. No. $318-11)

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; Sigma M62501),
5.1.18 Asgorbic acid, (white crystalline powder), = 99 %, Fisher:C4t. No. BP351-5007).
5.1.19 Tris-(2-carboxyethyl)phosphine, hydrochloride (F€EP-HCI), Fisher, Cat. No. AC 3638301001,
5.1.20 Charcoal, (Darco G-60 activated carbon), Fisher,€at. No. D127-5001).

5.1.21 Formic acid, (reagent grade), > 95 %, water’< 2,5 %, acetic acid < 1 %, Sigma F05071).
5.1.22 Wd4ter, (high purity, suitable for HELE mobile phase), resistivity up to 18 MQ-cm2).
5.2 Preparation of solvent for Standard solutions

5.2.1 Stqck solvent, substance’/concentration ¢ = 15,6 x 10-3 mol/l ammonium acetate buffer|with 25 %
ascorbic adid 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 agcorbic acid
and 5 ml of 2-mercaptoethanol. Stir to dissolve completely. Adjust pH to = 5,5 using concentrated gmmonium
hydroxide [28 %0 30 %). Transfer the solution into a 500 ml volumetric flask and bring to volunge (500 ml)
with HPLC|water. Mix thoroughly.

5.2.2 Intermediate solvent, ¢ = 1,6 x 1073 mol/l ammonium acetate buffer with 1 % ascorbic acid,
pH=5,5.

Accurately weigh 0,12 g + 0,001 g ammonium acetate and transfer into a 1 1 beaker. In a fume hood, slowly
add approximately 700 ml of HPLC water and 480 pl of glacial acetic acid. Add 10 g of ascorbic acid and stir
until completely dissolved. Adjust pH to pH = 5,5, if necessary, with concentrated ammonium hydroxide.
Transfer the solution to a 1 1 volumetric flask and bring to volume with HPLC water. Mix thoroughly.

© IS0 2024 - All rights reserved
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5.2.3 Solvent for SPE elution and folates standards, methanol with 10 % formic acid and 1 % ascorbic acid.

Take 1 g of ascorbic acid and 10 ml of concentrated formic acid into a 100 ml volumetric flask. Add
approximately 50 ml methanol. Sonicate in a water bath (at room temperature) for complete dissolution
(usually takes about 2 min). Bring to 100 ml volume with methanol. Mix thoroughly.

Use this solution to elute folates from SPE sorbent after clean up, to make analytical standards and as a
blank in the LC-MS/MS analysis. Prepare fresh on the day of use.

5.3 Preparation of folate standard solutions

5.3.1 Fol

ate stock standards, mass concentration p = 500 pg/ml.

Accurately
separate 5
sonicate in|
of ammoni
30 drops t
mix the col

Transfer s¢lutions to glass vials of capable of maintaining integrity at the tangeted low tempet

use of plas
for better
are stable 1
30 days.

Calculate t
for the mo
provided b
14,9 %. Tyy
THF chemi

Calculate

cals used are often calcium salts.

weigh approximately 25 mg of each of folic acid, 5-CH;-THF, 5-CHO-THF and.Ris
) ml low-actinic volumetric flasks. Add approximately 35 ml of the stock solvent to,ead
a water bath for about 1 min for complete dissolution of the folate chemical. Add the le

b 48 drops (1,5 ml to 2,4 ml). Make up to 50 ml with folate stock solventifveach of th
htents.

Fic vials has no demonstrable issues in storage. Store at =20 °C ot lower temperatures
stability). Folate stock standard solutions (folic acid, 5-CHQ<THF and Pte-Glu3) store
or six months, and 5-CH3-THF is stable for three months. Solutions stored at -20 °C ar

he correct concentration of each of the folate compound’s respective stock solution aftd
sture content in the folate chemical and their respéctive purity (HPLC) based on the

ical purity (HPLC based) of the folate compeoimnds is usually 98 % to 99 %. 5-CH3-THF :

he concentration of the stock standard solutions, p, in micrograms per millilitre, 4

-Glu3 into
h flask and
hst amount

pm hydroxide solution (28 % to 30 %) to aid in dissolution of folic acid; it can,take appjroximately

e flask and

ature. The
(i.e. =70 °C
d at =70 °C
b stable for

r adjusting
certificate

y the supplier. Folic acid may have moisture content as high as 7,9 % and 5-formyl-THF as high as

ind 5-CHO-

s salt free

e8]

form based on the differences in their respective molecular weights, using Formula (1):
p e (Ing x P)x(10°) Mot
4 M ¢
where
my s the mass of théstandard, in grams, e.g. m,= 0,025 g;
P s the purity-of analyte and moisture contents, e.g. P=90 % or P=0,9 g/g;
V s thefinal volume, in millilitre, e.g. V=50 ml;
M, |sthe molecular weight of free base or salt free folate;
M, is the molecular weight of folate salt used.

For example, with the values above and a molecular weight of free base or salt free 5-CHO-THF of 473,4 and
a molecular weight of 5-CHO-THF calcium salt of 511,5, the calculation using Formula (1) for p. (salt free) is:

_(0,025%0,9)x(10°) (4734

=416,5

SS

50 511,5
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ate intermediate standards, p = 20 ug/ml.

Add about 5 ml of the intermediate solvent to a 10 ml low-actinic volumetric flask. Accurately add 0,4 ml
of each of the stock standard solutions (5.3.1) of FA, 5-CH3-THF and 5-CHO-THF to the same flask. Make up
volume to 10 ml with the folate intermediate solvent and mix contents.

Calculate the concentration of each folate vitamer in the intermediate standard solution, p;,, in micrograms
per millilitre, using Formula (2):

(2)

— (pss ><Vl )
1S VZ
where
Vi s 0,4 ml;
v, s 10 ml
The folate|intermediate standard solution can be stored at —20 °C for 30 days_and can be st
three months at =70 °C.

5.4 Preparation of folate internal standard stock solutions

5.4.1 13(
The chemi
1 ml of thq
solution (2
make a sto
can help to
5.4.2 13(
The labelld
methyl-TH
stock solut]
vortex and
5.4.3 13(
Weigh abo

Dissolve th
with the st

Folate inte
THF can b¢

s-Folic acid internal standard stock solution, p = 1 mg/ml.

Cal is often supplied in a 1 mg amount. Dissolve the entire 1 mg amount of labelled f]

stock solvent. Folic acid is difficult to dissolve. Theaddition of 10 pl of ammonium|
8 % to 30 %) aids in dissolution. A higher amouiit of the chemical, if available, can
ck solution of a final concentration of around,1 mg/ml. Sonication and vortex for 1 m
complete dissolution.

5-(6S)-5-Methyl-5,6,7,8-Tetrahydrofolate internal standard stock solution, p = 11

d methyl-THF may be supplied/inva 1 mg amount. Dissolve the entire 1 mg amount
F in 1 ml of the stock solvent. A higher amount of the chemical, if available, can be useg
ion of a final concentrationcoftaround 1 mg/ml. Dissolve the chemical completely witl
brief (30 s) sonication.

5-(6S)-5-formyl-5;6,7,8-Tetrahydrofolate internal standard stock solution, p = 1 1

it 10 mg of labelled formyl-THF in a 10 ml volumetric flask. Add about 7 ml of the std
e chemical completely with the aid of vortex and brief (30 s) sonication. Make up voluf
pck solventahd mix the solution.

able up to

olic acid in
hydroxide
be used to
in to 2 min

mg/ml.

of labelled
| to make a
h the aid of

ng/ml.

ck solvent.
ne to 10 ml

rnal standard stock solutions in 5.4.1, 5.4.2 and 5.4.3 if stored at -70 °C, folic acid 4
p stable for six months and 5-CH;-THF for three months. Solutions can be stable for s

tored at =20 °C

nd 5-CHO-

l]lorter time

periods if

Concentration of each of internal standard stock solution should be calculated after adjustment for their

respective

54.4 Int

purity (based on the manufacturer’s certificate).

ernal standard intermediate solution cocktail, p = 20 ng/ml of each folate.

Take about 5 ml of the intermediate solvent into a 10 ml low-actinic volumetric flask. Transfer accurately
0,2 ml of each of the internal standard stock solutions, i.e. 13Cs-FA (5.4.1), 13C¢-CH5-THF (5.4.2) and 13C.-
CHO-THF (5.4.3) into the same 10 ml volumetric flask. Make up 10 ml with folate intermediate solvent.
Thoroughly mix the solution.

© IS0 2024 - All rights reserved
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Calculate the actual concentrations of each internal standard p;;,, in micrograms per millilitre, using

Formula (3):

(

1is —
where
Piis
Vi

V;

_ Pss XVl)

V,

is 0,2 ml;

s 10 ml.

3)

is concentration of the internal standard intermediate solution after adjusting for purity;

The folate
months at

5.4.5 Int

Take 20 m
(28%to 3

Accurately
ml) (5.4.4)

SPE elution.

Mix thorouy
but not for
using Forn

Pis1 =4
where
Vi
V;
5.4.6 Int
Take 12 m
To preparg

solvent for
ml of each

standard intermediate solution can be stored at =20 °C for 30 days and can be stable
-70 °C.

ernal standard solution for calibration standards 1, p = 2 pg/ml of each iaternal stan

of solvent for SPE elution (5.2.3) in a 50 ml centrifuge tube. Add L-ml'6f ammonium
%) and mix (neutralized solvent for SPE elution). Prepare fresh before use.

pipette 100 pl of the folate internal standard intermediate solution (p is approxima
into a microcentrifuge tube. Accurately add 900 pl of the freshly prepared neutralized

more than 6 h. Calculate the concentration of each felate vitamer, p;;; in micrograms pq

ula (4):

s 0,1 ml;

s1ml

ernal standard sglution for calibration standards 2, p = 40,0 ng/ml each folate.

ghly by a brief vortex for about 30 s. Prepare solutionfresh before use. Store at 4 °C if

ip to three

dard folate.

hydroxide

tely 20 ug/
solvent for

necessary
br millilitre

(4)

of solvent for{SPE elution in a scintillation vial or a 50 ml plastic centrifuge tube. Add 600 pul of
ammoniuny hydroxide[28 % to 30 %) (neutralized solvent for SPE elution). Mix. Prepare fresh be

fore use.

an internal standard solution for calibration standards 2, pipette about 5 ml of 1
SPE elution into a 10 ml low actinic volumetric flask. Pipette 20,0 pl (p is approxima

up volume

folate) of the mternal standard 1ntermed1ate solutlon 1nto the same 10 ml volumetrlc

reutralized

ely 20 pug/
lask. Make

before use. If the next step has to be delayed the solutlon can be stored at the lower temperature up to 6 h.
Alternatively, the solution can be prepared in advance and stored up to 6 h at 4 °C.

The concentration, in ug/ml, of each folate vitamer in the 40,0 ng/ml internal standard solution equals the
concentration, in pg/ml, of the 20 pg/ml internal standard solution times 0,020 0 ml, divided by 10 ml.

5.5 Preparation of calibration standard solutions

Prepare fresh before the analysis. Store at 4 °C if necessary but not for more than 6 h.

© IS0 2024 - All rights reserved
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Take 12 ml of solvent for SPE elution in a scintillation vial or a 50 ml plastic centrifuge tube. Add 600 ul of
ammonium hydroxide (neutralized solvent for SPE elution). Mix. Prepare fresh before use. This solution is
also used as an instrument blank in analysis.

The calibration standard solutions are prepared as detailed in Table 1. Set up microfuge tubes labelled
calibration standard A through G separately. Standards A and B are prepared using folate intermediate
standard solutions whereas calibrants C through G are prepared by dilutions of higher concentration
calibrants.

Add intermediate standard solution as specified in Table 1 in the corresponding calibration tube A and B.
Add 20 pl of the 2 pg/ml internal standard solution (5.4.5) to tubes A and B. Add neutralized elution solvent
to tubes A and B as specified in Table 1. Close the tubes and mix thoroughly by brief vortex for about 20 s.

Prepare cafibratiomstamdards € through 6 by ditutions of the-Tabletspecified catibratiomr stamdards. Pipette
the specifi¢d calibration standard in specified volume. Make up volume to 1 ml with the 40,0mg/ml internal
standard s¢lution (5.4.6) as specified in Table 1. Close the tubes and mix thoroughly by brief vortexfor about 20 s.

Calculate ¢xact concentration of each folate compound including internal standard-in each [calibration
standard Qy following the dilution of the intermediate standard solution or the respective calibrant in the
solution and the used internal standard solution.

Table 1 — Preparation of folate calibration standard-solutions

Volume of Volume inter- | Volume inter-| Volume‘of Congentration
. . ) of each folate
. . intermediate/ | nal standard | nal standard | neutpalized . .
Calibratipn . . . . \ Final volume | comlpound in
calibration STD| solution 1 solution 2 elution sol-
standand . ml the standard
solution (5.4.5) (5.4.6) vent luti
1 ul ul ul solution
" ng/ml
A 252 20 0 955 1,0 500
B 104 20 0 970 1,0 200
C 100" 0 900f 0 1,0 50
D 100¢ 0 900f 0 1,0 20
E 1004d 0 900f 0 1,0
F 100¢ 0 900f 0 1,0
G 50¢ 0 950f 0 1,0
NOTE Th¢ internal standard coneentration in every calibration standard solution (A through G) is 40 ng/ml of ea¢h folate.

a2 Amountjof intermediate stafidard solution.
b Amountfof calibration stahdard solution A.
¢ Amount|of calibrationiStandard solution B.
d  Amount|of calibration standard solution C.

e Amount{of ealibration standard solution D.

f Amountlofinternal standard solution for calibration standard 2

5.6 Preparation of substrate solution to test plasma conjugase activity

5.6.1 Substrate solution to test plasma conjugase activity, p = 20 ug/ml of Pte-Glu3.

Add about 5 ml of intermediate solvent into a 10 ml low-actinic volumetric flask. Pipette 0,4 ml, of Pte-Glu3
stock solution (500 pg/ml). Make up volume to 10 ml with intermediate solvent. Mix thoroughly. Store at
-20 °C for one month; can be stable for longer time periods at =70 °C.

© IS0 2024 - All rights reserved
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5.7 Reagent for folate analysis

5.71 Protease solution, p = 2 mg/ml.

Prepare fresh before use. Store at 4 °C to 8 °C if necessary but not for more than 4 h. Dissolve 0,05 g protease
in 25 ml of water in a 100 ml beaker or conical shaped flask by proper mixing. Each sample requires 1 ml.

5.7.2 a-Amylase solution, p = 20 mg/ml; about 300 units/ml.

Prepare fresh before use. Store at 4 °C to 8 °C if necessary but not for more than 4 h. Dissolve 0,5 g in about
20 ml of water in a 25 ml volumetric flask or a centrifuge tube. Make up volume to 25 ml. Mix gently for
complete mixing. Make sure no foams develop.

The amyla
with charc
45 s. Let st§

5.7.3 Ma

The plasm
three mon
not subject
6 months d
of plasma i

after chard
sample req
to use but

To check tH

Add 3(
only 13
tube).

with 1
treate
water

of fola
presern
purifig
Clause

Using {
of Pte
acid is

ind for 5 min at 4 °C to 8 °C. Filter through a 0,45 um PVDF syringe filter. Each sample re

le rat plasma conjugase.

h is kept frozen at —20 °C or lower temperature until use. Check viability of plasma 4
ths. Avoid repeated freezing thawing of plasma to avoid losses in“its conjugase activ
ed to repeated freezing and thawing will usually retain most of}its conjugase activityj
f storage at -20 °C. Thaw plasma as required. Treat plasma with 20 mg charcoal per m

oal treatment. Prepare fresh. Store at 4 °C to 8 °C if . necessary but not for more tha
uires 0,3 ml of the charcoal-treated plasma. Efficiency of the conjugase shall be detern
nly once for every new lot of plasma.

e efficiency of rat plasma conjugase:

ul of conjugase test solution to a 50 mlidentrifuge tube with 10 ml extraction buffer

C; folic acid internal standard, 4 ng/i}) and 50 pl TCEP solution. Mix with a vortex mixg
For the conjugase test blank, add 30:t] of the intermediate solvent to another 50 ml cent
D ml extraction buffer and 50 pIMPCEP solution. Mix with a vortex mixer. Add 300 pl d
I conjugase to both tubes, fillhéadspace with nitrogen, cover, and incubate for 16 h i
bath at 37 °C and 60 r/min shaking speed. Follow steps 7 through 15 of the procedure
fes. The amount of folic_acid liberated by the conjugase action in the reaction tube
t in the test blank are)determined by following the analysis method starting from ]
ation) followed by the instrumental analysis (7.4) and the relevant calculations as e}
8.

he result obtained and concentration of PteGlu3 in test solution prepared, determine
[lu3 to félic'acid. Conjugase is considered acceptable for use if conversion of the PteG
= 90 %:The protocol to calculate conversion of PteGlu3 to folic acid is located in Claus

574 TC

HIO

be solution is transferred to a 50 ml centrifuge tube if not already in one. Treat amylase solution
pal. Add 20 mg charcoal per ml of solution (0,5 g in 25 ml). Gently mix on a vortexmix¢r for about

uires 1 ml.

tored over
ity. Plasma
even after
. Take 5 ml

n a tube. Add 100 mg of charcoal. Gently mix with vortexhixer for about 30 s. Let stand for 5 min
at 4 °C to 8 °C. Filter through a PVDF syringe filter. About 4,2 ml of plasma from 5 ml is usuall

y obtained
h 4 h. Each
hined prior

containing
r (reaction
rifuge tube
f charcoal-
a shaking
r analysis
and that is
.3 (extract
kplained in

conversion
lu3 to folic
e 8.

P-solution, c =1 mol/l

Dissolve 1 g of TCEP-HCl in 3,5 ml of water in a test tube or a vial.

5.7.5 Extraction buffer, ¢ = 10 x 10~3 mol/I phosphate buffer, 1 % ascorbic acid, pH = 6,0.

Weigh 0,355 g of sodium phosphate, dibasic, anhydrous Na,HPO, in a 250 ml beaker. Add 2,5 g of ascorbic
acid and approximately 200 ml of HPLC water. Stir until completely dissolved. Adjust pH with phosphoric
acid and/or sodium hydroxide solution (¢ = 10 mol/l NaOH) to pH = 6,0. Transfer into a 250 ml volumetric
flask and dilute to volume with HPLC water. Mix. This can be stored at 4 °C for 5 days.
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5.7.6 Extraction buffer with internal standard, ¢ = 10 x 10~3 mol/l phosphate buffer, 1 % ascorbic acid,
pH = 6,0, internal standard = 4 ng/ml of each folate.

Add exactly 0,05 ml of the 20 pg/ml internal standard intermediate solution to 250 ml of the buffer. Mix
thoroughly. Internal standard concentration is 4 ng/ml of each folate. Prepare fresh on day of use. Store at
4 °C if necessary but not for more than 6 h after addition of internal standards. Each sample requires 10 ml
of the extraction buffer.

5.7.7 Extraction buffer with only folic acid internal standard to check efficiency of rat
plasma conjugase, ¢ = 10 x 1073 mol/l phosphate buffer, 1 % ascorbic acid, pH = 6,0, folic acid internal
4 ng/ml.

standard =

This requi
p=20ug/
Transfer aq
volumetrid
the actual

with the fd
the folic ac

Add exact
described

concentrat
after addit
requires 1

5.7.8 UH
Thoroughl

5.79 UH
Methanol (|

6 Appa

6.1 Pred

6.2 UHP
validation)

6.3 LC-M

| folic acid. Take about 5 ml of the intermediate solvent into a 10 ml low-actinic voluumj
curately 0,2 ml of the folic acid internal standard stock solutions, i.e. 13Cc-FA (54.1) i

roncentrations of folic acid internal standard p;;, in micrograms per millilitre; using H
llowing change to limit calculation to folic acid (replace py;, piisr)- Wherelgysr is concg
d internal standard intermediate solution after adjusting for purity.

y 0,05 ml of the 20 pg/ml folic acid internal standard intermediate solution p
nbove to 250 ml of the extraction buffer (5.7.5). Mix thoroughly. Folic acid interng
ion = 4 ng/ml. Prepare fresh on day of use. Store at 4 °C if necessary but not for mot
on of folic intermediate internal standard. Each assay to check efficiency of rat plasm4
ml of the extraction buffer containing folic acid internalstandard.

PLC mobile phase A.
y mix 500 ml of water (UHPLC/MS) and 5 ml ofiglacial acetic acid.

PLC mobile phase B.

L.C/MS) as is.

ratus

ision balance, reading 0,71 mg.

.C system, Agilent-1290 Infinity Binary UHPLC System?) or Dionex UltiMate 3000 L(
or equivalent

S/MS system, Sciex 6500 or 5500 Triple QUAD?) (used in validation) or equivalent.

6.4

ign cocktail,

etric flask.
hto a 10 ml

flask. Make up to 10 ml with folate intermediate solvent. Thoroughly mix the $¢lution. Calculate

ormula (3)

ntration of

'epared as
| standard
‘e than 6 h
| conjugase

[2) (used in

pH 11]1eter.

6.5
6.6 Free
6.7

6.8 Fum

Refrigerator, capable of cooling to 4 °C.

zer, capable of cooling to -20 °C and -70 °C; explosion proof.

Water bath, with shaker.

e hood.

2) These are examples of suitable products available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of these products. Equivalent products may be

used if they

can be shown to lead to the same results.
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6.9 Centrifuge, capable of up to 1 400 g and cooling capability (4 °C to 5 °C) equivalent to Sorvall Legend

X1R2) and rotor F15-8x50c with radius (R

=10,4 cm)?),

max

6.10 Microcentrifuge, capable of up to 9 500 g.

6.11 Adjustable mechanical/electronic pipettes, volumes of 100 pl to 1 000 pl.

6.12 Vortex mixer.

6.13 SPE vacuum manifold, 24 well.

6.14

Phenomen

6.15

equivalent

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

6.26

7 Procd

SPE

UHP|

Glas
Cent
Syril
Micr
Volu|
Glas
Volu
Rep¢

Glas

Amber glass HPLCvials with septa and caps.

Low

columns, mixed mode weak anion exchange (WAX SPE]J, 33 pm polymeric, 60
bx, 8B-S038-UBJ2).

.C column, Waters ACQUITY UPLC HSS T3 Column? (100 A, 1,8 pm, 2,1"mm x §

5 test tubes, 16 mm x 125 mm.

rifuge tubes, 50 ml polypropylene.

hge filters, polyvinyl difluoride (PVDF), 0,45 pm.
ocentrifuge tubes, polypropylene, volume 1,5 ml to 2,0 ml.
metric flasks, assorted sizes.

5 Pasteur pipettes.

metric pipettes, Class A, assorted-sizes.

bating pipettes, 5 ml and 25:mil.

5 beakers, assorted sizes.

actinic glass bottles, 250 ml to 500 ml.

rdure

7.1 Sample preparation

7.1.1 Sample processing to make them homogenous

mg/3 ml,

0 mm), or

All samples should be as uniform and representative of the product as possible. This should be accomplished
by a thorough mixing or stirring the sample before sampling. The dry samples are reconstituted to liquid
samples and reconstituted liquid samples are used for analysis.

© IS0 2024 - All rights reserved
10


https://standardsiso.com/api/?name=987cb4d9e1946583b78e33c94ce38050

ISO 20631:2024(en)

7.1.2 Reconstitution of powder sample into liquid

Weigh 25,0 g + 0,1 g of dry sample into a low-actinic glass 250 ml beaker or bottle. If low-actinic bottles
or beakers are not available, cover the outside of the bottle or beaker with aluminium foil to protect the
vitamins from light. Note the masses. Add 200,0 g + 0,1 g of warm water (40 °C £ 5 °C). Mix well until complete
dissolution/suspension, making sure there are no lumps. Record final mass for each sample. Calculate mass
(g) of dry sample in the corresponding reconstituted liquid sample in every case. Dry samples are analysed
as reconstituted liquid samples, and ready to feed (RTF) samples are analysed as is. Reconstituted samples,
as well as RTF samples, are thoroughly mixed immediately before weighing the aliquot for the analysis.

7.2 Extraction

Weigh 0,1 gto 2,5 g of sample : g on -2 3 a¥a> ge 0f 20 ng 500 ng), into a
50 ml centfifuge tube and record the mass to 0,000 1 g. Prepare a method blank containing reagents only.
This is tredted like a sample throughout the entire following method.

Add 10 ml pxtraction buffer (containing internal standards) and 50 pl of TCEP solution-to.each tupe and mix
with a vorfex mixer. Add 1 ml protease solution to each tube, fill the headspace with fiitrogen, coyer and mix
with a vor{ex mixer. Incubate for 3 h in a shaking water bath at 37 °C at 60 r/min shaking speed.

Inactivate fthe protease by placing the tubes in a boiling water bath (100 °C):for 5 min. Shake tubes every
1,5 min, a]d then remove from bath and cool to room temperature.

Add 1 ml of a-amylase solution (charcoal-treated) and 300 pl of rat plasma conjugase (charcoal-treated) to
each tube. |Fill the headspace with nitrogen, cover and incubate for-16/h in a shaking water bath|at 37 °C at
60 r/min shaking speed.

Inactivate jenzymes after 16 h incubation by placing the tubes in a boiling water bath (100 °C)| for 5 min.
Shake tubgs every 1,5 min, and then remove from bath and:cool to room temperature.

Centrifuge|the tubes at 4 °C to 5 °C for 10 min at 1 400.g:

Filter supefnatant from each tube through a 0,45.{m PVDF syringe filter into separate sample lahelled glass
tubes (16 mm x 125 mm).

7.3 Extract purification

Set up a 24fwell SPE manifold. Set up_one SPE tube for every sample and one for the method blank. Condition
each SPE tfibe as follows, without vacuum:

— first, cpndition with 2 ml‘methanol;
— Dbefore|the SPE sorbentiis dry, repeat the first step with 2 ml of water.

Load samples into corresponding activated SPE tubes over sorbent, without vacuum. First, loaf all of the
filtered supernatant’(about 12 ml) for every sample into the corresponding SPE tube (no vacuum). Then,
wash each(SPE tube with 3 ml water with no vacuum. Push out any residual water by gentle push with a

pipette bul|b.

Elute the analytes from the SPE sorbent. Empty the waste reservoir and place a clean microcentrifuge tube
to collect the eluent corresponding to every SPE tube. Add 1 ml of the freshly prepared solvent for SPE
elution to each SPE tube. Allow gravity to elute the effluent into the tubes and use a pipette bulb to push out
any remaining solvent. Add 50 pl ammonium hydroxide (28 % to 30 %) to each tube and immediately mix
with a vortex mixer for 20 s. Centrifuge the tubes in a microcentrifuge at 9 500 g for 5 min.

Transfer supernatant from each tube into a corresponding HPLC vial for LC-MS/MS analysis.

Prepare LC and mass spectrometer for analysis and load vials in autosampler. The sequence of the analysis
includes instrument blank (neutralized SPE elution solvent), calibration standards (G to A), instrument
blank, method blank and all of the samples.

© IS0 2024 - All rights reserved
11


https://standardsiso.com/api/?name=987cb4d9e1946583b78e33c94ce38050

ISO 20631:2024(en)

7.4 Instrumental analysis

7.4.1 Analysis of instrument blank, calibration standards, method blank and samples

Instrument blank and calibration standards G to A, as detailed in Table 1, are analysed. This is followed by
analysis of an instrument blank, method blank and the sample extracts.

7.4.2 UHPLC conditions and MS parameters for different systems
UHPLC conditions with Dionex UltiMate 3000 LC/Agilent 1290 LC2).
— UHPLC Column: Waters ACQUITY UPLC HSS T32) (100 A), 1,8 um, 2,1 mm x 50 mm.

— Mobilg phases: A =1 % acetic acid, B = 100 % methanol.
— Solvent composition: Gradient, see Table 2.

— UHPL( column temperature: 40 °C.

— Autosgmpler temperature: 5 °C + 1 °C.

— Injectipn volume: 2 pl.

Table 2 — LC gradient

Time Mobile phase B Flow
min % ml/min
0,00 0 0,5
0,50 0 0,5
5,00 40 0,5
5,05 100 0,5
6,50 100 0,5
6,55 0 0,5
9,00 0 0,5

MS source konditions for some of the-Seiex triple quads?) are provided in Table 3.

Tablé 3 — MS source conditions Sciex triple quads?)

Source condition param- Sciex triple quad
eters 5500 6500 Qtrap 6500 Pliis
Curtain gaf (nitrogen),kPa 172 (25) 207 (30) 207 (30)
(psi)
Collision-activated dissoci- medium medium 8
atien
IonSpray voltage, V 5500 5500 5500
Temperature, °C 700 400 400
Ion source gas 1 414 (60) 414 (60) 414 (60)
(zero air), kPa (psi)
Ion source gas 2 345 (50) 345 (50) 345 (50)
(zero air), kPa (psi)

Multiple reaction monitoring (MRM) transitions for different folates are provided in Table 4.
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Table 4 — MRM transitions for different folates and MS parameters for their detection

Folate Q12 Q2P DP¢ EP ¢ CXP e CEf
‘A 442,2 295,2 75 6 6 20
442,2 176,2 75 6 6 45
460,2 313,2 75 6 6 28
5-CH;-THF
460,2 194,2 75 6 6 46
474,2 327,2 75 6 6 25
5-CHO-THF
474,2 299,2 75 6 6 40
13C4-FA 4472 295,2 75 6 6 20
13C5-5-CHg-THF 465,2 313,2 75 6 6 28
13(4-5-CHO-THF 479,2 327,2 75 6 6 25

fernal

a Q1 =Prgcursorion (m/z).

b Q2 =Prqduction (m/z).

¢ DP = deglustering potential (V).

d  EP = entrance potential (V).

¢ CXP = cgllision cell exit potential (V).

f CE = collision cell potential (V).

An examplp of a folate analysis elution pattern of different folate vitamets is: 5-CH5-THF at 2,82 mpin, 5-CHO-
THF at 3,6 min and folic acid at 3,91 min.

8 Calculations

8.1 Calculation of ratios of peak areas of the folate compounds to the respective inf
standard|peak areas

Calculate t
calibration|

he ratios of peak areas of the folate witamer against the respective internal standard
standards, method blank and all-efithe sample extracts.

8.2 Calibration curve

Draw a calibration curve by plotting the concentration of each calibration standard (ng/ml) o
folate compound against the corresponding ratio of its peak area to the relevant internal standard
Prepare the calibration curves/for all the targeted folate compounds. Do not force the calibraf
through zefro (weighting X/xJ This calculation is usually done by the software used for the proces
acquired dpta.

8.3 Calculation-of concentration of folate compounds in the method blank

Calculate thexatios of peak areas of the detected folate compounds to the respectlve 1nternal st

area for all

[ a specific
peak area.
ion curves
sing of MS-

andards in

the methodbtan

m] based on

the respective cahbratlon curve. Thls is usually done by the software used for the processmg of the MS data.

8.4 Calculation of concentration of folate compounds in the sample extracts

Calculate the ratios of peak areas of the detected folate vitamers to the respective internal standard
areas for every sample. Calculate the concentration of each of the folate compound as ng/ml based on the

calibration curve of the targeted folate compound. This calculation is usually performed by th
used for processing of MS data.

e software

The concentration of each of the folate compounds as ng/ml in a sample extract is adjusted by subtracting

the amount of respective folate compound detected in the method blank ran in the batch.
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Calculate the corrected folate compound mass concentration in the sample extracts, p ¢, in ng per ml using

Formula (5):

Pctc = Pstc — Psfcmb

where

Pcfc
Psfc

Psfemb

is the mass concentration of the specific folate compound, in ng/m];

)

is the corrected folate compound mass concentration in sample extracts, in ng/ml;

is the mass concentration of the respective specific folate compound in the method blank, in

11111

8.5 Calculation of folate compounds and total folate in reconstituted or RTF sampl

(ng/100 g)

193
%]

Multiply eqtimated folate vitamer concentration (ng/ml) in the extract by fold dilutions (if any) and the final
volumes of the relevant step (volume after SPE elution, 1,05 ml). Adjust the total amount of foldte vitamer
in the sample for the aliquot of the sample used for the extraction. The folate witamer is then callculated as
ug/100 g of the reconstituted or RTF sample.

Calculate the mass fraction of folate vitamer in the reconstituted or RTEsample, wy, .., in pg per 100 g using

Formula (§):

Vi
Weyrec T Pve x——x0,1

mSEl
where
Weorec | 1S the mass fraction of folate vitamer injthe reconstituted or RTF sample, in ug/100 g
Pve is the mass concentration of vitandin in the extract, in ng/ml;
Ve is the final volume, V; = 1,05 m[;

mg, is the mass of the sample aliquot, in g.

(6)

The amount of CH;-THF and CHO-THF (ug/100 g) in the samples is calculated as folic acid by multiplying

(ng/100 g

concentration of the folate compound by the corresponding conversion factors provided in

Table 5. Total folate in thexeConstituted (RCS) or RTF sample is calculated by the sum of all folate|compound

as folic acidl (ng/100 g).

Table 5 —Eonversion of amount of 5-CH;-THF and 5-CHO-THF to folic acid equivalgnt

Folate vitamers Formula weight Multiplication fac- Example value Value|as FA
tor to convert to FA ug/100 g pug/100 g
FA 441,4 1 100,0 100,0
5-CH;-THF 459,5 0,960 6 100,0 96,1
5-CHO-THF 473,4 0,932 4 100,0 93,2
Total folates as FA sum as FA 289,3

Total folate as folic acid pg/100 g in RCS or RTF samples
(ng/100 g) x 0,960 6) + (5-CHO-THF (ng/100 g) x 0,932 4).

folic acid (ng/100 g) + (5-CH; - THF
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8.6 Calculation of total folate in powder samples (ng/100 g) as-is basis

Calculate the mass fraction of total folate, w,;, in pg per 100 g in dry sample as-is basis from total folate

(ug/100 g)

Wifai = Weifrec X

where

Wifaj

Wifrec

in reconstituted beverage samples using Formula (7):

UL

ali

(7)

is the mass fraction of total folate in an as-is basis in dry samples analysed as RCS, in pg/100 g;

is the mass fraction of total folate in the reconstituted sample. in ug/100 g:

My

Ma)i

8.7 Calc

The ratios
acid (ng/m
conjugase |

Blank corr
minus the

Adjusted fi
the final vd

8.8 Calc

Folic acid
equation. T
the molecy
activity su

Pte-Glu3, i
solution di

Each mole(
The percer

assay divid

9 Preci

is the total mass of the reconstituted beverage sample, in g;

is the mass of the aliquot of the powder sample used for reconstitution, in g.

ulation of folic acid nanograms released in the conjugase test

1) in solution is calculated based on the calibration curve. Folictacid (ng/ml) is also c3
est blank.

bcted folic acid, in ng/ml, in the assayed mixture equals fglic-acid, in ng/ml, in the assay
folic acid, in ng/ml, in the conjugase test blank.

lic acid released in whole assayed mixture equalsithe blank corrected folic acid, in ng
lume of assay mixture after purification (SPE ehite volume is 1,05 ml).

(ng) released in the conjugase assay is converted to folic acid (nanomoles) by the
he folic acid in nanomoles in the assay mixture is the folic acid, in ng, in the assay divide
lar weight of folic acid. Pte-Glu3_in the conjugase assay is 0,03 ml times 20 pg/ml (in
bstrate solution) is 600 ng.

n nanomoles, in the conjugase assay is 0,03 ml times 20 ug/ml in the conjugase activit
yided by 699,6, the melecular weight of Pte-Glu3.

ule of Pte-Glu3 envhydrolysis yields one molecule of folic acid.

tage conversion of Pte-Glu3 to folic acid is the amount of folic acid in nanomoles rele
ed by Pte-Ghu3 in nanomoles in the assay times 100.

Sioh

ulation of per cent conversion of Pte-Glu3 to folic acid in the conjugase assay

bf peak areas of folic acid and folic acid internal standard are calculated in the assay solution. Folic

Iculated in

ed mixture

r/ml, times

e following
d by 441,4,
conjugase

y substrate

hsed in the

9.1 General

Details of the interlaboratory test of the precision of the method are summarized in Annex A. The values
derived from the interlaboratory test are not always applicable to analyte concentration ranges and/or
matrices other than those given in Annex A.

9.2 Repeatability

The absolute difference between two single test results found on identical test material by one 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. A summary of the repeatability data obtained in the study of the method is

Table 6.

given in Ta
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