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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Infant formula and adult nutritionals — Determination

of

vitamin C by (ultra) high performance liquid

chromatography with ultraviolet detection ((U)HPLC-UV)

1

Scope

This|document specifies a method for the determination of vitamin C (L-ascorbic acid) pLesent in all
formjs of infant and adult formulas (powders, ready-to-feed liquids and liquid coneentiates), using
(ultrp) high performance liquid chromatography with ultraviolet detection (U)HPLC#UV. Th¢ application
range runs from 2,5 mg/100 g (limit of quantification) to 50 mg/100 g expressed in the product as
consphimed. The method is able to distinguish between D-ascorbic acid (isoascdrbic- or erythorbic acid)

and

2

I.-ascorbic acid.

Normative references

Therk are no normative references in this document.

Terms and definitions

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

ISO gnd [EC maintain terminological databases-fob use in standardization at the following dddresses:

3.1

ISO Online browsing platform: available @t https://www.iso.org/obp

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

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

sole

stardh 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 duringthe first months of life up to the introduction of appropriate complementary|feeding

[SOUREE~CODEX STAN 72-1981]

4

source of nourishment, made from any combination of milk, soy, rice, whey, hydrolyjsed protein,

Principle

Ascorbic acid is extracted from the sample using trichloroacetic acid (TCA) in the presence of tris
[2-carboxyethyl]phosphine (TCEP) as a reducing agent and to protect ascorbic acid from oxidation.
Ascorbic acid is then determined by Ultra High Performance Liquid Chromatography (UHPLC) or High
Performance Liquid Chromatography (HPLC) with UV detection at 265 nm. Separation takes place
on a C1g column using decylamine as ion-pairing agent in a sodium acetate buffer solution (pH = 5,4)
containing TCEP.

© ISO 2018 - All rights reserved
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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.

SAFETY PRECAUTIONS — Refer to material safety data sheets prior to use of chemicals. Use
appropriate personal protective equipment when performing testing.

5.1 Reagents and standards

5.1.1 Acetonitrile HPLC grqr‘]p

5.1.2 Asclrbic acid, purity > 99 %.

5.1.3 Decylamine.

5.1.4 Phopsphoric acid, 85 %.

5.1.5 Ultrp pure water, resistivity > 18 M(1/cm.
5.1.6 Sodjum acetate trihydrate.

5.1.7 Tridhloroacetic acid (TCA).

5.1.8 Tris|[2-carboxyethyl]phosphine (TCEP).
5.1.9 Isoascorbic acid.

5.1.10 Orotic acid.

5.2 Preparation of solutions

IMPORTAN|T — Vitamin C is sensitive to light and oxygen. Conduct operations under subdued
light, or us¢ amber glassware. Keep all solutions away from direct light.

5.2.1 Sodjum acetate s@lution, substance concentration ¢ = 0,500 mol/Il (pH = 5,4).

Into a 500 ml volumetric flask, weigh 34,0 g of sodium acetate trihydrate (5.1.6), add about 400 ml of
water and dissolve-weéll. Adjust pH to 5,4 with phosphoric acid 85 % (5.1.4) and make up to volume
with water.

5.2.2 TCASolution, 15 %.

Into a 500 ml volumetric flask, weigh 75,0 g of TCA (5.1.7), dissolve and make up to volume with water.

5.2.3 TCEP solution, mass concentration p = 250 pg/ml.

Into a 500 ml volumetric flask, weigh 125 mg of TCEP (5.1.8), dissolve and make up to volume with water.

2 © ISO 2018 - All rights reserved
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5.2.4 Mobile phase for UHPLC.

Into a 250 ml flask, mix 0,4 g of decylamine (5.1.3), 2,5 ml of acetonitrile (5.1.1), 25 ml of sodium acetate
solution (5.2.1) and 205 ml of water. Do not make up to volume. Adjust pH to pH = 5,4 with phosphoric
acid 85 % (5.1.4). Add 10 mg of TCEP (5.1.8).

NOTE Mobile phases are hazy during preparation, but they become clear after pH adjustment.

5.2.5 Mobile phase for HPLC.

Into a 1 000 ml flask, mix 1,6 g of decylamine (5.1.3), 80 ml of acetonitrile (5.1.1), 100 ml of sodium

aceta
phos

5.2.6

Into
makq
away

5.2.7

Into
with

5.2.4
p=3

Into
2,0 n
resp

6

bhoric acid 85 % (5.1.4). Add 50 mg of TCEP (5.1.8).

Ascorbic acid stock solution, p = 500 pg/ml.

@ 25 ml amber glass volumetric flask (6.2), weigh 12,5 mg of ascorbic@cid (5.1.2). [
e up to volume with TCEP solution (5.2.3). This solution can be kept forl3 months if st
from light.

Ascorbic acid intermediate standard solution, p = 50 pg/ml.

h 10 ml amber glass volumetric flask (6.2), pipet 1 ml ofistock solution (5.2.6). Make y
TCEP solution (5.2.3). This solution can be used for 1 month if stored at 4 °C away froy

Ascorbic acid calibration standard solutiens; p = 0,5 pg/ml, p = 1,0 ug/ml, p
0 ug/ml, p=5,0 pg/ml, p=7,5pg/mland p = 10 pg/ml

n 10 ml amber glass volumetric flask (6.2),"pipet 0,1 ml, 0,2 ml, 0,4 ml, 0,6 ml, 1,0 m]
1l of intermediate standard solution (5.2)7). Make up to volume with mobile phase to
pctive concentrations given above.

Apparatus

Usuall laboratory glassware and-equipment, and, in particular, the following.

= 5,4 with

issolve and
ored at 4 °C

p to volume
n light.

= 2,0 ug/ml,

, 1,5 ml and
prepare the

6.1 | Balances, with readability of 0,1 mgand 0,01 g.

6.2 | Volumetri¢flasks, amber glass, 10 ml, 25 ml class A in accordance with ISO 1042.

6.3 | Beaker,amber glass, 250 ml.

6.4 | pH meter.

6.5 Paper filter?).

6.6 Membrane filters, syringe filters, 0,22 pm or 0,45 pm pore size.

1) Folded grade 5971/2 or Schleicher & Schuell 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 1SO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.

© ISO
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6.7 UHPLC column, Waters Acquity UPLC® ethylene bridged hybrid (BEH) C1g column?) length of
100 mm, internal diameter of 2,1 mm and particle size of 1,75 um or equivalent.

6.8 HPLC column, Licrospher® RP-18 column?), length of 250 mm, internal diameter of 4,6 mm and

particle size

of 5 um or equivalent.

6.9 LC system, HPLC or UHPLC system equipped with a quaternary of binary pump, a sample injector,

a UV-VIS det

ector (or optionally a diode array detector), a degassing system and data software.

7 Procedure
7.1 Sample preparation
7.1.1 Genleral
If the produgt contains starch, add 50 mg a-amylase to the suspensions (7.1.2) and incubate for 1§ min
at 40 °C to ¢lecrease viscosity and facilitate handling. Mix liquid samples well.to’ensure homogepeity
and continup directly to extraction.
7.1.2 Powder samples
Weigh 25,0|g (m1)of powder into a brown glass 250 ml beaker:(6.3), add 10 mg TCEP (5.1.8){ Add
200,0 g (m2) warm water (40 °C). Mix well until complete dissolution. Accurately weigh 2,0 g (m3) of
homogenized sample suspension into a 10 ml amber-glass velémetric flask (6.2). Calculate the sample
mass (ms) uging Formula (1):

mg =my|xmz /(my +m,) (1)
Proceed to [the extraction (7.2) as soon as _possible as vitamin C can degrade rapidly. Do not let
reconstituted samples stand for longer than(30*min.
7.1.3 Liquid samples
Weigh 2,0 g|(ms) of liquid sample,into’a 10 ml amber-glass volumetric flask (6.2).
Proceed to the extraction (Z.2)as soon as possible as vitamin C can degrade rapidly. Do not let starjd for
longer than 15 min.
7.2 Extraction
To the prepared sample (7.1), add 4 ml of TCEP solution (5.1.8) and 2 ml of TCA solution (5.2.2). Bring
up to volumedwith water. Filter the solution through a filter paper (6.5). Transfer 1 ml of filtratq into
a 10 ml amberglassvotunretricftask {623 contaiming -t mof acetatesotutionr {5-2-=amd-brimg-up to

volume with mobile phase (5.2.4) or (5.2.5). Filter approximately 2 ml through a membrane filter (6.6)

into a HPLC

vial.

2)

This is an 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 of the product named. Equivalent products
may be used if they can be shown to lead to the same results.

4
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7.3 Analysis
7.3.1 Chromatographic conditions for UHPLC

Injection volume: 5ul

Auto sampler temperature: 10 °C.

Column temperature: 25 °C.

Flow rate: 0,35 ml/min.

Run time: 4,0 min.

Mobile phase: Sodium acetate (50 mmol/l, pH = 5,4), decylamine {1,6"g/1),|acetonitrile

(1 %), TCEP (40 mg/1).
Deteftion: UV at 265 nm.

At the end of each analytical series, rinse the column with a mixture of one part pef volume of
acetgnitrile and one part per volume of water for 10 min at a flow rate.of 0,4 ml/min.

7.3.2 Chromatographic conditions for HPLC

Injedtion volume: 25 pl.

Auto[sampler temperature: 10 °C.

Column temperature: 25°C.

Flow| rate: 1,0 ml/min,

Run time: 20 min;

Mobile phase: Soditum acetate (50 mmol/l, pH = 5,4), decylamine (1,6 g/1),|acetonitrile

(A0 %), TCEP (40 mg/1).
Deteftion: UV at 265 nm.

At the end of each_analytical series, rinse the column with a mixture of one part pef volume of
acetgnitrile and one part per volume of water for 60 min at a flow rate of 1,0 ml/min.

7.3.3 System/suitability test

Equilibraté the chromatographic system for = 0,5 h. Inject any one of the standard fgolutions of
L-asqorbic acid (5.2.8) at least six times and check peak retention times and response (pepk height or
area). Calculate the average response (peak height or area) and standard deviation. The coefficient of
variation should not be higher than 2 %. Inject standard solutions (5.2.8) on a regular basis within a
series of analyses. Ensure that orotic acid and isoascorbic acid are fully resolved from L-ascorbic acid
by injecting separated standard solutions of both compounds (prepared as stated for L-ascorbic acid).
If not resolved, the pH of the mobile phase may be decreased to pH = 5,0, or the amount of acetonitrile
may be increased.

7.3.4 Calibration

Make single injections of all standard solutions (5.2.8) at least at the beginning and the end of each
analytical series. Establish the calibration curve (seven points) by plotting peak response (height or
area) versus ascorbic acid concentration of all the standard injections in the series. Perform linear
regression. Calculate the slope (S) and intercept (1), Ensure the difference between slope and intercept

© IS0 2018 - All rights reserved 5
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calculated at the beginning and the end of the series is not higher than 5 %. See Clause 8 for the
calibration curve.

7.3.5 Analysis

Make single injections of sample solutions.

7.3.6 Identification

Identify the L-ascorbic acid peak in the chromatograms of the sample solutions by comparison with
the retention time of the corresponding peak in the standard solution. Identity can be confirmed by UV
spectrum (400 nm to 400 nm) if a photo diode array (PDA) detector is used.

Example chfomatograms are shown in Annex A.

8 Calculgations
Calculate thg vitamin C mass fraction, w, in mg ascorbic acid/100 g, using Formula)(2):

(A41)xV; xV3x100

W= s, V7, x1000 (2)
where

A is the response (height or area) of the ascorbic acid’peak obtained for the sample solutjion;

I is the intercept of the calibration curve, see 7.34;

%41 is the volume of the test solution (volumeused to dissolve the test portion), in ml (V7 = 1Q ml);

V3 is the volume of the final sample dilation, in ml (V3 = 10 ml);

100 is the conversion to 100 g basis;

S is the slope of the calibratiorn curve, see 7.3.4;

mg is the mass of the test'portion, in g (ms = 2,0 g of liquid or as calculated in Formula (1) for

powder samples);
%} is the volume-iséd in the sample dilution, in ml (V2 = 1,0 ml);

1000 s the codversion from pg to mg.

9 Precisjion

9.1 General

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

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.

The values for adult nutritional powder milk based are:

6 © ISO 2018 - All rights reserved
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X =6,33mg/100 g r=0,25mg/100 g

The values for infant formula powder partially hydrolysed soy based are:
x =19,5 mg/100 g r=1,30 mg/100 g

The values for SRM 1849a are:

x =812 mg/100 g r=0,80 mg/100 g

The yalues for adult nutritional powder low fat are:
x = 17,6 mg/100 g r=0,75mg/100 g
The yalues for infant formula powder soy based are:
x =10,3 mg/100 g r=0,48 mg/100 g
The yalues for adult nutritional RTF high fat are:

x =176 mg/100 g r=2,06mg/100 g
The yalues for infant formula RTF milk based are:

x =12,0 mg/100 g r=13,58mg/1008
The yalues for infant elemental powder.dbe:

x =84,0mg/100 g r=696 mg/100 g
The yalues for child formula‘péwder are:

X =492 mg/100 g r=0,36 mg/100 g
The yalues for adult nutritional RTF high protein are:

x = 19,7,1ig/100 g r=093mg/100 g

9.3 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.

The values for adult nutritional powder milk based are:

X =6,33mg/100 g R=0,57 mg/100 g

© ISO 2018 - All rights reserved 7
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The values for infant formula powder partially hydrolysed soy based are:

x =19,5mg/100 g R=4,38mg/100 g
The values for SRM 1849a are:

X = 8,12mg/100 g R=0,84mg/100 g

The values for adult nutritional powder low fat are:
x =176 mg/100 g R=3,19 mg/100 g
The values for infant formula powder soy based are:
X = 10,3 mg/100 g R=1,73mg/100 g
The values for adult nutritional RTF high fat are:

x =176 mg/100 g R=558mg/100 g
The values for infant formula RTF milk based are:

x =12,0mg/100 g R=442mg/100 g
The values for infant elemental powder are:

X = 34,0 mg/100 g R=10,88mg/100 g
The values for child formula powder dre:

X =492 md/100 g R=0,62 mg/100 g
The values for adult nutritional RTF high protein are:

x =197 mg/100 g R=514mg/100 g

© ISO 2018 - All rights reserved
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Annex A
(informative)

Typical chromatograms
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Figure A.1 — Example HPLC separation on a BEH, C1g, 1,7 pm, 100 mm x 2,1 1
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Figurle A.2 — Example of separation of ascorbic acid, orotic acid and isoascorbic acid
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