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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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INTERNATIONAL STANDARD ISO 20638:2015(E)

Infant formula — Determination of nucleotides by liquid
chromatography

WARNING — The use of this International Standard can involve hazardous materials, operations
and equipment. This International Standard does not purport to address all the safety problems
associated with its use. It is the responsibility of the user of this International Standard to
establish appropriate safety and health practices and determine the applicability of regulatory
limifations prior to use.

1 $Scope

This|[International Standard specifies a method for the quantitative determinatign of 5-mon¢nucleotides
in infant formula in solid (i.e. powders) or liquid (i.e. ready-to-feed liquids,and liquid c¢ncentrates)
formjs using liquid chromatography.

2 Terms and definitions
For the purposes of this document, the following terms and defittitions apply.

21
infant formula
breast-milk substitute specially manufactured to, Satisfy, by itself, the nutritional requirements of
infants during the first months of life up to the introduction of appropriate complementary|feeding

[SOURCE: Codex Standard 72-1981]

3 Principle

The |sample is dissolved in <high-salt solution to inhibit protein and fat interagtions. The
5-mgnonucleotides — uridiné_5~monophosphate (UMP), inosine 5-monophosphate (IMP), adenosine
5'-mInophosphate (AMP), ‘ghianosine 5-monophosphate (GMP), and cytidine 5-monophosphate
(CMR) — are separated from the sample matrix by strong-anion exchange solid-phase extraction (SPE),
followed by chromatographic analysis using a C18 stationary phase with gradient elution, UV detection,
and quantitation by-awinternal standard technique using thymidine 5-monophosphate (TMP).[1]

4 Reagents and materials

Duriphgthe analysis, unless otherwise stated, use only reagents of recognized analyticql grade and
disti]led’or demineralized water or water of equivalent purity.

4.1 Standards, = 99 % pure (Sigmal) or equivalent). Nucleotide sodium salts or sodium salt hydrates
may be substituted if free acid forms are not readily available.

4.1.1 TMP, thymidine 5’-monophosphate, CAS No. 365-07-1.
4.1.2 AMP, adenosine 5'-monophosphate, CAS No. 61-19-8.

4.1.3 CMP, cytidine 5'-monophosphate, CAS No. 63-37-6.

1) Thisis 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.
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4.1.4 GMP, guanosine 5’-monophosphate, CAS No. 85-32-5.

4.1.5 IMP, inosine 5’-monophosphate, CAS No. 131-99-7.

4.1.6 UMP, uridine 5'-monophosphate, CAS No. 58-97-9.

4.2 Potassium bromide (KBr).

4.3 Potassium dihydrogen phosphate (KHPO4).

4.4 Orthg
4.5 Potas
4.6 Ethyld

phosphoric acid (HzPO4).
sium hydroxide (KOH).

bnediaminetetraacetic acid, disodium salt dihydrate (EDTA).

4.7 Sodium chloride (NaCl).

4.8 Methanol (CH30H).

4.9 Reage

4.9.1 Starn
water and a

4.9.2 Extr
EDTA (4.6).

nt preparation

dardizing buffer (KH;PO4, ¢ = 0,25 mol/], pH =.3;5). Dissolve 34,0 g KH2PO4 (4.3) in 9
ljust pH to 3,5 with orthophosphoric acid (4.4):Dilute to 1 L.

action solution (NaCl, ¢ = 1 mol/l, EDTA.c = 4 mmol/l). Dissolve 58,5 g NaCl (4.7) and
Pilute in 1 1 water.

4.9.3 Wash solution (KBr, ¢ = 0,3 mol/1). Dissolve 3,6 g KBr (4.2) in 100 ml water.

4.9.4 Elug

nt solution (KH2PO4, ¢ £ 0,5 mol/], pH = 3,0). Dissolve 6,8 g KH2P04 (4.3) in 90 ml

and adjust pH to 3,0 with orthophosphoric acid (4.4). Dilute to 100 ml.

49.5 Mol
and adjust p|
growth ofte

4.9.6 Mok

ile phase A (KHzPO3, c = 10 mmol/], pH = 5,6). Dissolve 1,4 g KH2PO4 (4.3) in 900 ml
to 5,6 £ 0,1 with' KOH solution (10 % m/v). Dilute to 1 1 with water. Make daily as micr
occurs at r00m temperature in phosphate buffers that contain little or no organic solv

ile phase B, 100 % methanol (4.8).

0 ml

vater

vater
obial
bt.

4.10 Standard preparation

4.10.1 Stock standard solutions, p approximately 1 mg/ml. Accurately weigh approximately 50 mg
each nucleotide 5’-monophosphate into separate 50 ml volumetric flasks. Add 40 ml water, mix until
dissolved, and make to volume with water.

4.10.2 Purity standard solutions. Pipette 1,0 ml each stock standard (4.10.1) into separate 50 ml
volumetric flasks, make to volume with standardizing buffer (4.9.1), and measure absorbance at the
appropriate Apmax to determine the concentration of each nucleotide stock standard. See Table 1 and
References [1] and [2].

© ISO 2015 - All rights reserved
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Table 1 — UV absorbance maxima and extinction coefficients for nucleotide 5'-monophosphates

Nucleotide 5-monophosphate Arrln;lx E %Z;
Adenosine 5-monophosphate 257 428,6
Cytidine 5-monophosphate 280 3909
Guanosine 5-monophosphate 254 392,0
Inosine 5-monophosphate 249 356,5
Uridine 5’-monophosphate 262 312,7
Thymidine 5-monophosphate 267 188,5
4.10{3 Internal standard solution, p approximately 80 pug/ml. Dilute 4 ml TMP stockstandard (4.10.1)
into 50 ml water.
4.10{4 Working standard solution, p approximately 40 pg/ml. Pipette 2 ml each stock standard (4.10.1)
(AMI, CMP, GMP, IMP, and UMP) into a single 50 ml volumetric flask and make to volume with water.

4.10
calib

4.10
(4.14

4.10
(4.14

410
(4.1(

4.10
(4.14

5 Calibration standard solutions. See Table 2 for nominal’nucleotide concentra
ration standard solutions.

5.1 Calibration standard 1. Pipette 0,25 ml working standard (4.10.4) and 1 ml inter
.3) into a 25 ml volumetric flask and make to volume with water.

5.2 Calibration standard 2. Pipette 0,5 ml working standard (4.10.4) and 1 ml inter
.3) into a 25 ml volumetric flask and make te~volume with water.

.3) into a 25 ml volumetric flask and make to volume with water.

.3) into a 25 ml volumetric flask and make to volume with water.

Table-2 — Nominal concentration of calibration standards

kions of the

hal standard

hal standard

5.3 Calibration standard 3. Pipetteé-2 ml working standard (4.10.4) and 1 ml interpal standard

5.4 Calibration standard«4: Pipette 5 ml working standard (4.10.4) and 1 ml intermal standard

. . Concentration of each nucleotide: .
( allbra.mon AMP, CMP, GMP,IMP, UMP Concentration df TMP
solution pg/ml
pg/ml

0,4 3,2

2 0,8 3,2

32 3,2

4 8,0 3,2

© IS0 2015 - All rights reserved 3
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5 Apparatus

Usual laboratory glassware and equipment and, in particular, the following.

5.1 HPLC system, equipped with pump, sample injector unit with a 50 pl injection loop, degasser unit,
column oven, and photodiode array detector.

5.2 (18 column, Gemini?) C18, 5 um, 4,6 mm x 250 mm (Phenomenex2)).

5.3 Spectrophotometer, capable of digital readout to 3 decimal places.

5.4 pH-mgpter.
5.5 Centrjfuge.
5.6 Centrffuge tubes, Amicon Ultra MWCO 3k, 4 ml (Millipore)2).

5.7 Polyp

ropylene centrifuge tubes, capacity 50 ml.

5.8 Disposable syringes, capacity 3 ml.

5.9 Syringe filters, 0,2 um with cellulose acetate membranes.

5.10 SPE vacuum manifold.

5.11 Polyp

5.12 Filter

ropylene strong-anion exchange SPE cartridges, 6 ml x 1 000 mg, Chromabond SB2)

membranes, 0,45 pm nylon.

6 Sampl[: preparation

a) Shakeo

b) Accurat
a50ml

c) Add30
d) Add 1,0
e) Cap the

mix sample container ‘prior to opening.

centrifuge tube.
| extractiemtsolution (4.9.2).
ml TMPitternal standard (4.10.3).

tuberand vortex mix until powder dissolved.

ely weigh approxithdtely 1 g powder or 10 ml ready-to-feed/liquid milk infant formulg

f) Allow sample to stand for 10 min to ensure complete hydration.

g) Dilute to a final volume of approximately 50 ml with water.

h) Cap the

tube and vortex mix.

into

i) For starch based products, transfer 2 x 4 ml of prepared sample to two separate ultra centrifuge
tubes and centrifuge at 3 500g for 60 min, then pool filtrate from both tubes.

2) Thisis 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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Procedure

Extraction

Throughout the extraction procedure, do not let the cartridge run dry but drain to the top of the
cartridge bed only.

When draining the cartridge, the flow rate should be < 2 ml/min.

a) For each sample, place a single SPE cartridge on a vacuum manifold.
b) rtridge bed;
ollowed by adding 2 lots of water (5 ml each) and draining to top of cartridge bed.
c) load the cartridge with 4 ml of sample solution and drain to the top of the cartridge bgd.
d) ash the cartridge to remove interferences with 4 ml of wash solution (4.9:3) and drajn to the top
f the cartridge bed.
e) IPPlace a sample collection tube in SPE manifold.
f)  Flute the nucleotides with 4 ml of eluent solution (4.9.4) into a sample collection tube andl completely
rain the cartridge.
g) Filter an aliquot of approximately 2 ml of the eluent through a 0,2 pm syringe filter into an
jqutosampler vial.
7.2 | Chromatography
a) Form gradients by low pressure mixing of‘the two mobile phases, A and B, with s¢paration of
nucleotides achieved using the procedure\given in Table 3.
Table 3 — Gradientprocedure for chromatographic separation
Time Flow rate Mobile Phase A Mobile Bhase B
min ml/min % %
0 0,6 100 0
25 0,6 80 2(
26 0,6 100
40 0,6 100
b) Acquire-spectral data between 210 nm and 300 nm by the photodiode array ddtector with
¢hromatograms monitored at the specified following wavelengths for quantitation.
1 ~“TMP: wavelenoth at 250 nm
-J o
2) AMP, GMP, and TMP: wavelength at 260 nm.
3) CMP and UMP: wavelength at 270 nm.
c) Setcolumn oven to 40 °C.

Example chromatograms can be found in Annex A.

© ISO 2015 - All rights reserved
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8 Calculations

8.1 Calculate the percent purity of each nucleotide (as free acid) in purity standard solution (4.10.2),
using Formula (1):

Abs
Purity,% = ——2max 20 50 1 000 (1)
E1% mSS 1
cm

where

Abs ictha IV ahenrhanca o £ aaszinmatiin wwava lanath-
Amay5tRe-ov—apSeroahce it Wwavere RSt

£1% is the extinction coefficient for nucleotide;
lcm
mSS is the mass of nucleotide in stock standard (mg);
50 is the total volume of stock standard (ml);
50 is the total volume of purity standard (ml);
1 is the volume of stock standard added to purity standard-{ml);

1000 | isthe mass conversion from mgto g.

8.2 Calculpte the concentration of nucleotide in stock standardsolution (SS) (4.10.1), using Formulh (2):

mSS  PS%

SS (ug/thl) = =0 " 100 ¥ 103 (2)
where

mSS is the mass of nucleotide in ste¢k standard (mg);

50 is the total volume of SS-(iml);

103 is the concentratipn conversion (mg/ml to pg/ml);

PS% is the percentpurity;

100 is the mass-eonversion (% to decimal).

8.3 Calculpte theseoncentration of TMP in internal standard (IS) (4.10.3), using Formula (3):

4

IS (ng/mU=SSx = (3)
where

SS is the concentration of TMP in stock standard (ng/ml);

4 is the volume of TMP stock standard in internal standard (ml);

50 is the total volume of internal standard (ml).

8.4 Calculate the concentration of nucleotides in working standard (WS) (4.10.4), using Formula (4):

6 © IS0 2015 - All rights reserved
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2

WS (pg/ml) =SS x =0 4)

where

SS  isthe concentration of nucleotide in stock standard (pg/ml);
2 is the volume of nucleotide stock standard in working standard (ml);

50 is the total volume of working standard (ml).

8.5 | Calculate the concentration of TMP in calibration standards (CS) (4.10.5), using Formyla (5):
1
dS (ug/ml)=1S x — (5
25
whete

IS is the concentration of nucleotide in internal standard (pg/ml);
is the volume of IS in calibration standard (ml);

25 is the total volume of calibration standard (ml).

8.6 | Calculate the concentration of nucleotides in calibration standards (CS) (4.10.5), using Formula (6):
%
dS (ug/ml) = WS x %= 6)
25
whertte

8.7

WS is the concentration of nucleotide in working standard (pg/ml);
Vws  isthe volume of working standard in calibration standard (ml);

25 is the total volurhe)of calibration standard (ml).

Determine the lin€ar regression curve for the ratio of peak areas (nucleotide/TMP; y{axis) vs. the

ratio| of concentratioeiis’/(nucleotide/TMP; x-axis) for calibration standards and calculate the slope with

the ytrintercept foréed through 0.

8.8 | Interpeolate the nucleotide contents in unknown samples from this calibration curve.
a) Iorpowders:
A C..xV
Nucleotide, mg/100 g = —NL x 1 X ( 15 IS) X 100 (7)
Ag L m 1000
b) For ready-to-feed liquids:
A C..xV
Nucleotide, mg/100 ml = —NT x 1 X ( IS [S) X 100 (8)
Ag L Vg 1000
where
ANT is the nucleotide peak area in sample;

© IS0 2015 - All rights reserved 7
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Als is the TMP peak area in sample;

L is the linear regression slope of calibration curve;

Cis is the concentration of internal standard added to sample (pg/ml);
Vis is the volume of internal standard added to sample (ml);

ms is the mass of sample (g);

1000 isthe mass conversion of result (ug to mg);

Vs is the volume of sample (ml);
100 is the mass or volume conversion of result (g to 100 g or ml to 100 ml).
9 Results

Report the results in mg/100 g or mg/100 ml to one decimal place.

8 © IS0 2015 - All rights reserved
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Annex A
(informative)

Examples of chromatograms

5
A
A
B
C
D
0.0 50 100 ' 35%&“ S 20 2 2%0 0 200 2 3|0 400 450  min
Key C)O
A Iixture of nucleotide si@}ards 1 cytidine 5'-monophosphate (CMP)
B ovine milk-based i formula 2 uridine 5'-monophosphate (UMP)
C doy-based infan ula 3 guanosine 5’-monophosphate (GMP)
D RQydrolysed w@?rotein-based infant formula 4 inosine 5'-monophosphate (IMP)
Q 5 thymidine 5'-monophosphate (TMP)
&?% 6 adenosine 5'-monophosphate (AMP)

- 1 —F tesofd
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Annex B
(informative)

Precision data

The data given in Table B.1 to Table B.7 were obtained in an interlaboratory study and published in
2015,[34] in accordance with ISO 5725-2[5] and AOAC-IUPAC Harmonized Protocol for collaborative

study proceflures, to assess precision characteristics of a method of analysis.[6] The study was evalyated
based on requirements given in Reference [7].
More information on the validation of the method can be found at http://standards.iso.org/iso/20638
Table B.1 — Precision data for NIST 1849a certified reference material practice sample
Parameter CMP UMP GMP IMP ANIP
Total numbef of laboratories, n 12 12 12 11a 1P
Total numbey of replicates, 2n 24 24 24 22 24
Overall mean of all data (grand mean), x, mg/100 g 28,14 11,76 15,07 n/a 10487
Repeatability standard deviation, s, mg/100 g 0,46 0,30 0,38 n/a 0,p2
Reproducibility standard deviation, sg, mg/100 g 1,36 0,59 0,68 n/a 0,47
Repeatability limit in SMPR <6% <6% <6% n/a <q4%
Coefficient of variation of repeatability, Cy,, % 1,6 2,5 2,5 n/a 2|1
Reproducibility limit in SMPR <11% | <11% | <11 % n/a <11 %
Coefficient of variation of reproducibility, Cy g, % 4,8 5,0 4,5 n/a 4)4
HorRat valusg 0,7 0,6 0,6 n/a (0] 3)
a  Lessthan|2/9 laboratories removed from.statistical analysis.
n/a Not availgble.
Table B.2 — Preecision data for lactose-free infant formula test sample

Parameter CMP UMP GMP IMP AMP
Total numbef of laboratories, n 12 12 24 12 12
Total numbef of replicates, 2n 24 24 1,45 24 24
Overall mean ofall data (grand mean), x, mg/100 g 11,42 3,84 0,03 1,65 3,84
Repeatability standard deviation, s, mg/100 g 0.12 0,09 0,04 0,05 0,05
Reproducibility standard deviation, sg, mg/100 g 0,89 0,30 24 0,10 0,09
Repeatability limit in SMPR <6% <6% <6% <6% <6%
Coefficient of variation of repeatability, Cyr, % 1,1% 2,4% 1,8 % 2,8% 1,4 %
Reproducibility limit in SMPR <11% | <11% | <11% | <11% | <11 %
Coefficient of variation of reproducibility, Cy g, % 7,8 % 79 % 2,8% 6,1 % 2,7%
HorRat value 1,0 0,9 0,3 0,6 0,3
10 © IS0 2015 - All rights reserved
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Table B.3 — Precision data for starch-based infant formula test sample

Parameter CMP UMP GMP IMP AMP
Total number of laboratories, n 11a 11a 11a 11a 11a
Total number of replicates, 2n 22 22 22 22 22
Overall mean of all data (grand mean), )_( ,mg/100 g 10,99 3,88 167 166 3,54
Repeatability standard deviation, s, mg/100 g 0,30 0,21 0,03 0,02 0,08
Reproducibility standard deviation, sg, mg/100 g 0,81 0,31 0,07 0,17 0,11
Repdatability imit in SMPR <6 % <6 % <6 % <67 <6%
Coefficient of variation of repeatability, Cy,r, % 2,7 % 54 % 1,6 % 1,4.9 2,1%
Reprjoducibility limit in SMPR <11% | <11% | <11%-.41€11% | <11%
Coefficient of variation of reproducibility, Cy g, % 7,4 % 8,4 % 4,2% 10,3 % 3,0 %
HorRat value 09 09 0,4 1,0 0,3
a  Iless than 2/9 laboratories removed from statistical analysis.

Table B.4 — Precision data for hydrolysate-based infant formula test sample

Parameter CMP UMP GMP IMP AMP
Tota] number of laboratories, n 12 12 12 11a 12
Tota| number of replicates, 2n 24 24 24 22 24
Overjall mean of all data (grand mean), )_< ,mg/100 g 9,72 415 138 2,46 473
Repdatability standard deviation, s, mg/100 g 0,26 0,13 0,05 0,04 0,19
Reprjoducibility standard deviation, sg, mg/100°g 0,69 0,36 0,11 0,13 0,30
Repdatability limit in SMPR <6% <6% <6% <6 % <6%
Coefficient of variation of repeatability, €y, % 2,7% 31% 39% 1,8 % 39 %
Reprjoducibility limit in SMPR <11% | <11% | <11% | <11% | <11 %
Coefficient of variation of reprodicibility, Cy g, % 7,1 % 8,7 % 7,7 % 5,5 % 6,2 %
HorRat value 0,9 1,0 0,7 0,6 0,7
a  [less than 2/9 laboratories removed from statistical analysis.

© IS0 2015 - All rights reserved 11
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Table B.5 — Precision data for soy-based infant formula test sample

Parameter CMPa UMPa GMPa IMPa AMPa
Total number of laboratories, n 12 12 12 12 12
Total number of replicates, 2n 24 24 24 24 24
Overall mean of all data (grand mean), )_(, mg/100 g 0,50 0,19 0,22 0,16 0,54
Repeatability standard deviation, s, mg/100 g 0,19 0,05 0,05 0,07 0,11
Reproducibility standard deviation, sg, mg/100 g 0,34 0,14 0,18 0,25 0,30
Repeatabilitf Timit in SMPR <8 % <10 % <10 % <10 % <3 %
Coefficient of variation of repeatability, Cyr, % 385% | 25,0% 229 43,7 % 20,f %
Reproducibility limit in SMPR <16% | <20% | <20% <20% <1p%
Coefficient of variation of reproducibility, Cy g, % 67,1 % 72,0% | 82,7 % 156,2% | 55/ %
HorRat valug 5,3 5,0 5,8 10,5 415
NOTE Soy based infant formula was not fortified with nucleotides and contained endogenous\leyels only.
a  Several laboratories reported 0 for these analytes which contributed significantly to peorprecision.

Table B.6 — Precision data for whey-based infant formula test sample 1
Parameter CMP UMP GMP IMP AMP
Value Value Value Value Value

Total numbef of laboratories, n 12 12 12 10a 12
Total numbey of replicates, 2n 24 24 24 18 24
Overall mean of all data (grand mean), )_(, mg/100 g 547 3,52 1,05 n/a 3,p1
Repeatability standard deviation, s, mg/100 g 0,15 0,05 0,02 n/a P6
Reproducibility standard deviation, sg, mg/100'g 0,48 0,31 0,04 n/a 0,18
Repeatability limit in SMPR <6% <6% <6% n/a <q4%
Coefficient of variation of repeatability, Gy, % 2,7 % 1,5 % 2,2% n/a 1,7%
Reproducibility limit in SMPR <11% | <11% | <11% n/a <1 %
Coefficient of variation of repreducibility, Cyr, % 8,7 % 8,8 % 4,1 % n/a 5,0 %
HorRat valug 1,0 0,9 0,4 n/a 0[5
a  Lessthan|2/9 laboratoties removed from statistical analysis.
n/a Not availgble.

12
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