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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
trans and total (cis + trans) vitamin K; content — Normal
phase HPLC
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1 Scope

This|document specifies a method for the quantitative determination of trans and total\|cis + trans)
vitarhin Kq in infant, pediatric and adult nutritionals using normal phase (NP) high-
liquigl chromatography (HPLC) with post-column reduction and fluorescence detédtion.
demonstrated good linearity over a standard range of ~2 pg/1to 80 pg/1 trans vitamin Ky, 4
of qyantification (LOQ) was estimated to be 0,4 pg/1 for standards and 0,09\ug/100 g r
(RTH) for samples assuming 4 grams of sample are diluted to 10 ml.

2 Normative references

Therg are no normative references in this document.

3 Terms and definitions

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

ISO gnd IEC maintain terminological databases-fob use in standardization at the following ¢
— ISO Online browsing platform: available@t https://www.iso.org/obp

— IEC Electropedia: available at httpi//www.electropedia.org/

31

adulf nutritional

nutritionally complete, specially formulated food, consumed in liquid form, which may cq
sole source of nourishment, made from any combination of milk, soy, rice, whey, hydroly
stardh and amino acids/with and without intact protein

3.2

infant formula

breast-milk substitute specially manufactured to satisfy, by itself, the nutritional requ
infants duringthe first months of life up to the introduction of appropriate complementary
[SOUREE~Codex Standard 72-1981]

4 Principle

Vitamin K7 is extracted from products with iso-octane after precipitation of proteins and release of
lipids with methanol. Prepared samples are injected onto a silica HPLC column where cis and trans
vitamin K1 are separated with an iso-octane-isopropanol mobile phase. The column eluent is mixed
with a dilute ethanolic solution of zinc chloride, sodium acetate, and acetic acid, and cis and trans
vitamin Kj are reduced to fluorescent derivatives in a zinc reactor column. The resulting fluorescent
compounds are then detected by fluorescence at an excitation wavelength of 245 nm and an emission
wavelength of 440 nm.
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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.

5.1

Acetic acid, glacial, > 99 %, American Chemical Society (ACS).

5.2 Helium or nitrogen, zero grade or equivalent helium or nitrogen.

5.3 Hexane, HPLC grade.

5.4 Iso-ogtane (2,2,4-trimethylpentane), HPLC grade.

5.5 Isopropanol (isopropyl alcohol), HPLC grade.

5.6 Methanol, HPLC grade.

5.7 Phytonadione/phylloquinone (vitamin Kj), primary reference standard. Store per
instructions

5.8 Laboratory or distilled water, with conductivity of 0,067 uS/cm (15 Mohm/cm).

5.9 Ethanol, 95 %, ACS.

5.10 Sodium acetate, anhydrous, ACS.

5.11 Zing, ;

5.12 Zincd

6 Standi

CAUTION -
stored in t]

£ 150 um, 99,995 % or equivalent.

hloride, > 97 %, ACS.

aird and solution preparation

- Since vitamin Kj(is light-sensitive, all standards shall be prepared, handled
ne dark or under.yellow shielded lighting unless otherwise stated. If the stand

are transported through-erinto an area without yellow shielded lighting, they shall be wraj

tightly in fg

6.1 Mixty
Add about 7

il. All standard solutions shall be prepared using Class A volumetric glassware.

Ire with-volume fraction of 10 % isopropanol in iso-octane

label

and
ards
pped

b the

O-ml of iso-octane (5.4) to a 100 ml volumetric flask. Add 10 ml isopropanol (5.5) t

ol o d Ailibn 40 ol n v ase

volumetric f

£ +h 1o Aot o Dszanisadio 10 £ a0 oo Q
ITAOIN dITU UITULU LU VUIUIIIU VWILIT Iovu UL udlic. LAAtlll dllIUIT 10 U TIIUILILITIO.

6.2 Mobile phase

Add about 900 ml iso-octane (5.4) to a 1 000 ml volumetric flask. Add 3 ml to 4 ml 10 % isopropanol
(6.1) to the volumetric flask and dilute to volume with iso-octane. Expiration is 6 months if stored in
tightly stoppered container.

NOTE

of cis and trans vitamin K1 from other peaks present in some samples is achieved, see Figures A.2 and A.3.

The isopropanol concentration in the mobile phase can be adjusted slightly until baseline resolution
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6.3 Post-column electrolyte solution

Transfer 0,5 g + 0,05 g zinc chloride (5.12) and 0,20 g + 0,02 g sodium acetate anhydrous (5.10) to a
1 000 ml volumetric flask with ethanol (5.9). Add 150 pl + 15 ul glacial acetic acid (5.1) and dilute to
volume with ethanol. Mix solution for about 30 min or until solution is clear and all salts are dissolved.
Expiration is 6 months.

6.4 Vitamin K; (phytonadione) stock standard solution

6.4.1 Vitamin K; (phytonadione) stock standard solution

volumetric flask. Dissolve standard and dilute to volume with iso-octane (5.4). Store ima'refrigerator in

Accu{'ately weigh to 0,000 01 g about 0,055 00 g vitamin Kq (phytonadione) (5.7) @ho a 250 ml
a tightly stoppered container protected from light. Expiration is 6 months.

6.4.1 Stock standard concentration (for non USP standard)

To d¢termine the stock standard concentration, evaporate 0,5 ml of vitdmin K4 stock stapdard under
a strpam of nitrogen and redissolve the residue in 10,0 ml of hexanesMeasure the absorhance of this
solutlion in a 1 cm cell against a reference of hexane at wavelength of-248 nm with a spectrophotometer.
Calcuylate the vitamin K4 stock standard concentration, pss, in milligrams per litre, using Formula (1):

Ay x10000x20
o 419 ()
whertte
A248 is the absorbance of the solution at248 nm;
419 is the A}Z/I"n value of vitamin(K7in hexane at 248 nm;

10000 s the conversion of A%z/fn to milligrams per litre;

20 is the dilution of the'stock standard solution.

6.5 | Vitamin K3 (phytenadione) intermediate I standard solution

Dilutle 1,0 ml vitamin K} stock standard (6.4.1) to 100 ml with iso-octane. Prepare from stqck standard
solutlion each time¢new working standards are made.

6.6 | Vitamin K; (phytonadione) intermediate II standard solution

Dilutlec10,;0 ml vitamin Kj intermediate I standard (6.5) to 50 ml with iso-octane. Prepaye each time

aarleinag oo Ao do oo g o o
new wot NHTES STaTtar s ar CTratcs

6.7 Vitamin K (phytonadione) working standard solutions

Dilute 1,0 ml, 3,0 ml, 6,0 ml, 10,0 ml and 20,0 ml intermediate II standard (6.6) to 100 ml with iso-
octane. Store at 2 °C to 8 °C in a refrigerator in tightly closed containers protected from light. Expiration
is 3 months.

Transfer working standards to autosampler vials with Pasteur pipets or equivalent glass. Do not pour
the standards from the volumetric flasks into vials.

© IS0 2019 - All rights reserved 3
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7 Apparatus

7.1 HPLC system.

Two isocratic pumps; autosampler capable of injecting 20 pl; fluorescence detector; instrument
degasser (optional), high-pressure mixing tee or T-junction, and post-column reactor column about
20 mm x 4 mm stainless steel e.g. old HPLC column with packing removed or equivalent. The system
should be configured as shown in Figure 1.

7.2 Analytical column, silica 150 mm x 3,0 mm, 3 um, 60 A, or equivalent.

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

7.18

Analy|

tical balance, capable of weighing to the nearest 0,000 01 g.

Beakers, glass, assorted sizes.

Centr

Centr

ifuge.

ifuge tubes and caps, 50 ml glass tubes with caps lined with polytéetrafluoroethylene (P

Cylinders, graduated, glass, assorted sizes.

Gas r¢

boulator, compatible with helium or nitrogen.

Gas sparge, tubing and filtering assembly.

Magn
Pipet
Pipet
Pipet

Spect

ptic stirrer and stir bar, with rack to hold centrifuge tubes.
disposable glass, Pasteur.

mechanical, variable volume, 0,5 ml to 5 ml and 10 ul to 100 pl.
repeating 5 ml and 25 ml ot equivalent.

rophotometer, capable of measuring absorbance at 248 nm.

Volumetric flasks;glass, Class A, assorted sizes.

Volumetric pipets, glass, Class A, assorted sizes.

Vorte]

K mixers.

[FE).

Yellow lights or yellow shields, with cutoff of at least 440 nm.

8 Procedure

8.1 Sample preparation

8.1.1 Liquid samples

For ready-to-feed liquids, mix samples well or homogenize to ensure homogeneity and accurately weigh
to 0,001 g, up to 4 g of sample into 50 ml centrifuge tubes. To liquids with sample masses less than 4 g,

© ISO 2019 - All rights reserved
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add enough water (5.8) to the tubes so that the sample mass plus the amount of water added (g or ml)

equa

]l about 4 and mix well.

8.1.2 Powder samples

If the powder sample homogeneity is unknown, assume that it is non-homogenous and proceed as for
dry-blended/non-homogenous powder samples.

8.1.3 Dry blended/non-homogenous powder samples

For dry blended/non-homogenous powder samples, accurately weigh approximately 25,0

and 4
susp
4go
are V
orm

8.14

For
50 m

8.1.5

Add
not b
tube
samyj
(710
least]
form|

Quar
tube
each
with

to edch sample and cap tubes. Vortex or shake each sample for at least 20 s or stir each s

least]
in th

Cent
The i
layer
layer]
usua

of powder

idd 200 g of water (5.8). Record all masses. Mechanically stir or mix by hand until ah
ension is obtained. A homogenizer can be used when necessary. Accurately weigh'to ]
f homogeneous suspension into 50 ml centrifuge tubes. If less than 4 g of homogeneoug

) equal about 4 and mix well.

Wet blended powder samples

vet blended homogenous powder samples, accurately weigh to 0;000 1 g up to 0,5 g of
| centrifuge tubes. Add 4 ml of water (5.8) and mix well.

Extraction

P5 ml + 2,0 ml methanol (5.6) to each sample just prior to vortexing or stirring. Meth
e added to more than two samples consecutively¥ithout vortexing or stirring. Cap ead
Vortex each sample for at least 30 s at a rate.that causes a vortex within the tube an
les to sit undisturbed for at least 10 min, but no more than 40 min, or add a mag

10 min, but not more than 40 min, at‘a-Spin rate that causes a vortex. Begin timing
s in the tubes.

5. [so-octane can be added . taall samples before vortexing or stirring any of the sam
sample for at least 45 s of stir each sample for at least 45 s at a rate that causes a vo
n the tubes. Begin timingafter vortex forms in the tubes. Add 5 ml # 0,5 ml laboratory

20 s at a spin rate.that causes a vortex to form within the sample. Begin timing after ¥
e tubes.

Fifuge the samples until a clean separation of the isooctane and aqueous-methanol la
so-octatie Jayer should be a clear layer at the top of the centrifuge tube, and the aqueou

t
to each centrifuge tube, cap tubes and place onto a magnetic stir plate, and stir s;E‘l

bmogeneous
,001 gup to
suspension

peighed, add enough water to the tubes so that the sample mass plus the amount of wafter added (g

powder into

anol should
h centrifuge
1 then allow
ic stir bar
ples for at
after vortex

titatively add 10 ml * 0,05 ml iso-octane (5.4) to each sample with a volumetric pipet and cap

ples. Vortex
tex to form
water (5.8)
ample for at
ortex forms

yers results.
s-methanol
all emulsion

should'be a cloudy layer below the iso-octane layer. In some samples, there may be a sm
between the iso-octane and aqueous-methanol layers. A good separation of solve

layers can

[Iy-be achieved by centrifuging samples for approximately 10 min at 800 relative centrfifugal force.

Do not add ethanol to samples to remove emulsions. Ethanol will change the final dilution volume and
affect results.

Remove samples from the centrifuge and inspect each sample to verify that the iso-octane and
aqueous-methanol layers are separated. With a glass pipet, carefully rinse down the upper walls of the
centrifuge tube with a portion of the iso-octane layer. If the layers become mixed together, centrifuge
the sample again. Pipette a portion of the clear iso-octane layer into a labelled autosampler vial and cap
the vial.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=e0ba0ee645f40b1a2c5b6460115934a6

ISO 21446:2019(E)

8.2 HPLC analysis

8.2.1 Instrumental operating conditions

HPLC analytical column mobile phase flow rate: 0,4 ml/min;

Post-column flow rate: 0,4 ml/min;

Injection volume: 20 ul;

Run time: 20 min;

Fluorescence excitation and emission: 245 nm and 440 nm, respectively.

8.2.2 Instrument start-up

The system should be configured as shown in Figure 1.

Instrument degasser
(optional - can be Autosampler
used in addition to or E‘> Injection volume
nstead of gas 20 pl
sparge)

HPLC column, silica

Idocratic mobile 150 mm x 3,0 mm

plase pump with 3 um, 60 A to 100 A
Helor N, gas sparge

-

-

Mixing tee Zinc Fluorescence
oX*T-junction reactor detector
column

>

Instrument degasser
(optional - can be
used in addition to or
instead of gas sparge)

E

Postcolumn
electrolyte pump
with
He or N, gas sparge

Figure 1 — Vitamin K system configuration

If necessary, remove used zinc and repack the post-column reactor column with fresh zinc (5.11).
The zinc reactor column should be repacked whenever the S/N in the lowest standard is too low to
accurately integrate the vitamin K1 peak, linearity requirements (r2 = 0,999) cannot be met unless the
highest standard is excluded from the curve, peak responses from injections of the same standard drop

6 © IS0 2019 - All rights reserved
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by more than 7 % and the drop cannot be attributed to other system components, or the s

ystem back

pressure through the zinc reactor increases significantly and vitamin K1 peak widths begin to increase.

To repack the zinc reactor column, remove the hex nuts and retainers from both ends of the column

and force the used zinc out of the column with a thin wire or similar apparatus. Flush the

zinc reactor

column with ethanol to remove residual zinc. Replace the hex nut and retainer on one end of the zinc

reactor column. Carefully transfer a small amount of fresh zinc powder to the reactor co

lumn with a

spatula, and press down on the zinc in the column with an old HPLC piston or similar apparatus to pack
it tightly. Continue adding zinc and pressing it down until the level of zinc is even with the top of the
column. After the reactor column is full, replace the second retainer and hex nut. The more tightly zinc

is packed into the reactor column, the more symmetrical the vitamin K7 peaks will be.

Wheh using a helium or nitrogen, sparge the mobile phase and post-column electrolyte
bubhling helium or nitrogen through them at a flow rate just fast enough to cause smajl ri
surfdce of the mobile phase and post-column solutions. To maximize the life of the-zin¢ rea

sparge the mobile phase and post-column electrolyte solution for at least 30, tnin before
the Zinc reactor column if mobile phase and post-column solutions are flowingyor do not g

phasg and post-column electrolyte solutions through the zinc reactor column until at le

after{sparging begins. Once the mobile phase and post-column electrolyte solutions have be

allow the column and post-column reactor to equilibrate with mobile ‘phase flowing at 0,4
posticolumn electrolyte solution flowing at 0,4 ml/min for at least30 min prior to the fi
if the zinc reactor has been used for previous analyses, or for §everal hours if the zinc

reactor has been freshly packed. Once the mobile phase and post-column solutions have bg

redufe the helium or nitrogen flow rate so that only a small stream of helium or nitrogen
visib
of th|
elect
the

ese solutions. Bubble helium or nitrogen very slowly through the mobile phase and

elium or nitrogen flow rate.

Whe
mobi
least

h using an instrument degasser, allow the column and post-column reactor to equi

30 min prior to the first injection.

Allow the fluorescence detector lampto warm up 30 min prior to the first injection.

Wheh the mobile phase and pgst:column electrolyte solution are continuously sparged wi
nitrggen or flow through anfinstrument degasser throughout a run, it is not necessary to p3
column reactor with zind at the beginning of every run. It should be possible to analyse
extrjcts before the zincreactor column shall be repacked.

8.3 | HPLC of standards and samples

Injed
fluon
resp
the

t the most concentrated standard (approximately 80 pg/l) and observe the resp
escencedetector. If necessary, adjust the detector gain and sensitivity settings so that t

pnsenis within the range of the detector. Once the detector settings have been detern
host concentrated standard 3 to 4 times and note the npnk areas Ifthe system is pmn

e in the mobile phase and post-column solutions and.there is minimal disturbance td

le phase flowing at 0,4 ml/min and post-column electrolyte solution flowing at 0,4 n

solutions by
pples on the
ctor column,
connecting
ump mobile
ast 30 mins
ben sparged,
ml/min and
rst injection
bost-column
ben sparged,
bubbles are
the surface
bost-column

rolyte solutions continuously throughout the entire run. Once the run has started, do not adjust

flibrate with
1/min for at

th helium or
ick the post-
hundreds of

bnse on the
he standard
hined, inject
ibrated, the

RSD of the standard peak areas should be < 2 %, and the peak areas should not steadlly increase or
decrease by more than 4 % from the first injection to the third or fourth injection. If the RSD is > 2 %,

locate the source of the imprecision and correct it before beginning the sample analysis. |
steadily increase or decrease by more than 4 %, the system is not equilibrated and shall b

f peak areas
e allowed to

equilibrate longer. Once the system has reached equilibrium and the injection precision is < 2 % RSD,
inject a set of standards, sample extracts, and another set of standards. Every set of sample extracts

shall be bracketed by standards.
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8.4 Instrument shut-down

8.4.1 Short-term shut-down

After analysing a set of sample extracts, simultaneously turn off the flow on the mobile phase and post-
column electrolyte solution pumps. Remove the helium or nitrogen sparge lines from the mobile phase
and post-column electrolyte solutions and turn off the helium or nitrogen. Turn off the fluorescence
detector lamp.

8.4.2 Lon

g-term shut-down

Remove the
and turn off
reactor coly
remove resi

9 C(Calcul

The vitamin

helium or nitrogen sparge lines from the mobile phase and post-column electrolyte sol

the helium or nitrogen. Turn off the fluorescence detector lamp. Remove and cap thd
mn. Flush the post-column pump and fluorescence detector cell with reagent alcoh
Hual zinc chloride, sodium acetate, and acetic acid.

ations

K1 concentrations of samples analysed on the HPLC system aredetérmined by compa

1tion
zinc
ol to

rison
tion.
h]l be

(2)

of peak areds from samples of known weight with the peak areas of standatds of known concentr4
Because the|cis and trans vitamin K; retention times may shift slightly diiring a run, peak areas sh
used to quantitate vitamin Kj.
Calculate the standard concentrations using Formula (2):
mxbx(Vy xVyxV3)x10°

Pws =T (D xDyx D3 xDy)
where

pws 19the working standard concentration in pg/l;

m id the mass of the standard, in'g;

b id the purity of the standard;’in mg/mg;

V1 idthe aliquot of stocK'solution, in ml;

V> idthe aliquot ofdntermediate I solution, in ml;

V3 idthe aliquet(of intermediate standard II solution, in ml;

109 ig conversion factor from g/ml to pg/l;

D1 istthe dilution volume of the stock solution, in ml;

Dy is the dilution volume of the intermediate I solution, in ml;

D3 is the dilution volume of the intermediate II solution, in ml;

Dy is the dilution volume of the working standard solution, in ml.
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If using sources of reference standard other than USP, the stock standard concentration shall be
determined spectrophotometrically following the instructions in 6.4.2, and Formula (3) should be used
to calculate working standard concentrations.

(Pss XVq XV, xV3)x103
(DyxD3xDy)

Pws = (3)

where pgs is the stock standard concentration, in mg/I.

Peak areas are measured with a data system. Before calculating concentrations, review all
chromatograms to make sure that cis and trans vitamin Kq are baseline separated and that there are
no interfering peaks. Vitamin K1 concentrations cannot be calculated for any samples with interfering
peakis or poor separation between the cis and trans isomers (see Figures A.1, A.2 and A.3):

Check the integration of the cis and trans vitamin K1 peaks. Cis vitamin K4 elutes &-min to 3 min before
tranq vitamin K; depending on the analytical column used. If the peak areas.of the samle standards
injected before and after a set of samples have changed by more than, 7"%, the systtm was not
equilibrated and the data are not acceptable.

Calcylate the trans vitamin K1 standard concentration using Formula (4}:

4

T=—22 4
(A1 +43) @

wherte

T isthe trans vitamin K1 fraction;

A1 isthe cis vitamin K1 peak area;

N

I, is the trans vitamin K1 peak area,

The grans vitamin Kj fraction is calculated for all standard injections, and the calculated tfans vitamin
K1 frction for all standard injections-is averaged together (T,) and used to calculate the tfans vitamin
K1 concentration of all working standards.

Calcylate the trans vitamin Kyworking standard concentration using Formula (5):
Pst =Pws XTy (5)
where

pst isthe'Concentration of trans vitamin Kj in the working standard, in ug/l;

fAws- Is the working standard concentration, in pg/l;

T, isthe average standard trans vitamin K1 fraction.

For each working standard concentration, average the trans peak areas from each two consecutive sets
of standard injections. Prepare a standard curve by performing a linear least-squares regression on
trans concentration versus averaged trans peak areas. A standard curve shall have an r2 of 0,999 or
better to be acceptable.
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Calculate the trans vitamin K1 mass fraction in a sample using Formula (6):

Pc

x10,0xm,.

Wer = mgxm,
where
Wy is the mass fraction of trans vitamin Ky, in pug/kg;
Pc i The TMass CONCENtration of trans VItamim K1 1T the jected Sampie extract determimned
flom the standard curve, in pg/l;
10,0 igthe dilution volume of the sample, in ml;
my  igthe final dilution mass of a product reconstitution, in g (if necessary);
ms  igthe sample size, in g;
mp  ifthe mass of product that is reconstituted, in g (if necessary).

If a total vit
from the traq
using Formy

Wiot =7

10 Precis

10.1 Gene

Details of th|
derived fro
matrices ot

The results

10.2 Repe

The absolut
using the sa
in not more

ion

ral

b

amin K; mass fraction is required, total vitamin K; canbeélcalculated with Formul:

Wir

sample

e interlaboratory test of the precision of the method are summarized in Annex B. The v
the interlaboratory test may not be applicable to analyte concentration ranges af
r than those given in Anhex B.

bf the laboratory comparison between EN 14148l6] and this document are given in An]

atability

e difference between two single test results found on identical test material by one ope

than.5 % of the cases. The values of r are given in Table 1.

(6)

(7)),

ns concentration determined in Formula (6) and the cis aiidtrans peak areas for the sample

11a (4).

(7)

hlues
1d /or

()

rator

me apparatus within the shortest feasible time interval will exceed the repeatability limit r

10.3 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 of
R are given in Table 1.

10
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Table 1 — Precision data

Sample X r R
ug/100 g RTF Hg/100 g RTF Hg/100 g RTF
Precision data for trans vitamin K¢
IF powder milk protein based 6,16 0,370 0,881
IF powder soy based 6,19 0,377 0,842
IF powder partially hydrolysed milk based 7,74 0,648 0,841
[F powder partially hydrolysed soy based 8,24 0,526 1,04
AN Rffrighfat 928 8;58% — 2,19
AN RTF high protein 7,00 1,40 _~2[316
Child formula powder milk based 3,61 0,312 }']>) 0,595
IF powder stage 1 milk based 7,24 0,575 . b&o : 0,935
IF RTF milk based 6,78 0,676n 1,01
IF RTF milk based placebo 1,86 0,332 0,55
SRM[1849a (results in pg /kg powder) 1077 G421 111
Child formula powder milk based 4,46 470,294 0,545
AN ppwder low fat 2,91 _{¢ " o0812 0,265
Infant elemental powder 8,67 Q\' 0,774 2,33
IF powder FOS/GOS based 396, 0,244 0,495
Child formula powder milk based placebo 1,35;\" 0,078 1 0,250
Infarjt elemental powder placebo \’@1 0,180 0,319
AN RTF high protein placebo . ,®2,85 0,140 0,446
AN RTF high fat placebo " 285 0,385 0,476
Precision dagg’fb\r)total (cis + trans) vitamin K4

IF powder milk protein based ’.&\0\‘ 7,09 0,398 0,886
IF powder soy based A O 712 0,631 0,923
IF powder partially hydrolysed ml@aéed 8,72 0,675 0,894
IF powder partially hydrolyseq—s{‘sy)l;ased 9,31 0,594 1,03
AN R[TF high fat mv 10,7 0,606 2,45
AN RTF high protein "0 8,12 1,56 3,81
Child formula powdermilk based 3,93 0,446 0,698
IF powder stage @ﬂ‘ﬁ based 797 0,572 0,853
IF RTF milk bdsed 7,94 0,771 1,08
IF RTF m}'l%‘sed placebo 2,15 0,339 0,688
SRM[1849a (results in pg/kg powder) 1154 58,5 95,3
Chil ro},mula powder milk based 1,76 0,319 0,573
AN powder low fat 3,15 0,093 4 0,270
Infant elemental powder 9,32 0,928 2,39
IF powder FOS/GOS based 4,53 0,332 0,509
Child formula powder milk based placebo 1,46 0,086 6 0,239
Infant elemental powder placebo 1,51 0,203 0,321
Adult nutritional RTF high protein placebo 3,16 0,191 0,444
Adult nutritional RTF high fat placebo 3,13 0,399 0,530
Key

RTF: ready to feed, IF: infant formula, AN: adult nutritional
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Annex A
(informative)

Example chromatograms

\ 8]
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Figure@;1'— Chromatogram of vitamin K1 standard
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Figure A.2 — Chromatogram of SRM 1849a
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Figure A.3 — Chromatogram of an adult nutritional
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Annex B
(informative)

Precision data

The data given in Table B.1 were obtained in an interlaboratory study and published in 2018[1], in
accordance with ISO 5725-2[2] and the AOAC-IUPAC Harmonized Protocol for collaborative study
procedures,|to asses precision characteristics of a method of analysisl3l. The study was performed
based on requirements given in Reference [4].

Table B.1 — Precision data for trans vitamin Kq

Sample 1a 2b 3c 4d 5e 6f 78 gh 9i 10]

2016 2016 2016 2016 2016 2016 2016 2016 2016 | 2016

Year of

interlaborat bry test to to to to to to to to to to
2017 | 2017 | 2017 | 2017 | 2017 2017 20%7 2017 | 2017 | 2017

Number of ldboratories 8 8 8 8 8 8 8 8 8 8

Number of npn-com- 0 0 0 0 0 0 0 0 0 0

pliant laborgtories

Number of 1gborato-
ries retained after 8 8 8 8 8 8 8 8 8 8
eliminating putliers

Number of ofitliers
(laboratorief)

Number of

16 16 15 16 16 16 16 16 16 16
accepted resjults

Mean value,
X, ug/100 glRTFi 6,16 6,19 7,74 8,24 9,28 7,00 3,61 7,24 6,78 1,86
Repeatability
standard deYiation, 0,132 | 0,135%.J0,231 | 0,188 | 0,208 | 0,501 0,111 0,205 | 0,241 | 0f119

Sr, 1ug/100 g RTF

Reproducibility
standard deyiation, 0,314.,0,301 | 0,300 | 0,372 | 0,781 1,13 0,213 | 0,334 | 0,361 | 0}198
SR, ug/100 g|RTF

Coefficient off variation
of repeatability, 2,15 2,18 2,98 2,28 2,24 7,16 3,08 2,83 3,56 | 4,37
CV,r, %

Coefficient of vatiation
of reproducipility, 511 4,86 3,87 4,52 8,42 16,1 5,88 4,61 533 | 10,6
Cyr %
Repeatability limit,
rlr=2,8xs/, 0,370 | 0,377 | 0,648 | 0,526 | 0,581 1,40 0,312 | 0,575 | 0,676 | 0,332
ug/100 g RTF

Reproducibility limit,
R[R=2,8xspg], 0,881 | 0,842 | 0,841 | 1,04 2,19 3,16 0,595 | 0935 | 1,01 | 0,555
nug/100 g RTF

HorRat value,
according to 0,210 | 0,200 | 0,165 | 0,194 | 0,368 | 0,676 | 0,220 | 0,194 | 0,222 | 0,365
Reference [5]

14 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=e0ba0ee645f40b1a2c5b6460115934a6

Table B.1 (continued)

ISO 21446:2019(E)

Sample 11k 121 13m 14n 150 16p 174 18r 19s

2016 2016 | 2016 | 2016 | 2016 2016 2016 2016 | 2016

Year of

interlaboratory test to to to to to to to to to
2017 2017 | 2017 | 2017 | 2017 2017 2017 2017 | 2017

Number of laboratories 8 8 8 8 8 8 8 8 8

Nl_lmber of non-com- 0 0 0 0 0 0 0 0 0

pliant laboratories

Number of laborato-

ries retained after 8 o e 8 8 8 8 8 8

elim|nating outliers

Number of.outliers 0 0 0 0 0 0 0 0 0

(labgratories)

Numpber of 15 16 16 16 16 16 15 16 15

accepted results

Mean value,

%, ulg/100 g RTFI 1077 4,46 2,91 8,67 3,96 1,37 141 2,85 2,85

Repgatability

stanflard deviation, 15,0 0,105 | 0,0290 | 0,276 {0,087 3| 0,02%79 | 0,064 2 | 0,0502 | 0)138

Sn 1g/100 g RTF

Reprjoducibility

stanflard deviation, 39,5 0,195 [ 0,094 8| 0,834 | 0,177 | 0,0893| 0,114 0,159 | 0f170

Sg, ug/100 g RTF

Coefficient of variation

of repeatability, 1,39 2,35 0,995 3,19 2,20 2,03 4,55 1,76 481

CV,r, 0

Coefficient of variation

of reproducibility, 3,66 4,36 3,25 9,62 4,46 6,50 8,07 5,58 5,94

Cyr,|%

Repgatability limit,

rir42,8xs/, 42,1 0,294 10,0812 | 0,774 | 0,244 |0,0781 | 0,180 0,140 | 0,385

ug/100 g RTF

Reprjoducibility limit,

R[RE 2,8 x sp], 111 0,545 | 0,265 | 2,33 | 0,495 | 0,250 | 0,319 | 0,446 | 0)476

ug/400 g RTF

HorRat value,

accofding to 0,231 | 0,121 {0,0845| 0,294 | 0,121 0,151 0,188 | 0,144 | 0f154

Reference [5]

Key

RTF|readyto feed

NOTECTEhe results are expressed as pg trans vitamin K; per 100 g RTF.

RTF high fat placebo.

a [nfant formula powder milk protein based. P Infant formula powder soy based. ¢ Infant formula powder
partially hydrolysed milk based. d Infant formula powder partially hydrolysed soy based. ¢ Adult nutritional
RTF high fat.f Adult nutritional RTF high protein.g Child formula powder milk based.h Infant formula
powder stage 1 milk based.! Infant formula RTF milk based.i Infant formula RTF milk based placebo.

k SRM 1849a (results in pug /kg powder).! Child formula powder milk based. m Adult nutritional powder low
fat.n Infant elemental powder. © Infant formula powder FOS/GOS based.P Child formula powder milk based
placebo. d Infant elemental powder placebo. Adult nutritional RTF high protein placebo.s Adult nutritional

© IS0 2019 - All rights reserved
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Table B.2 — Precision data for total (cis + trans) vitamin Ky

Sample 1a 2b 3c 4d 5e 6f 78 gh 9i 10i

2016 2016 2016 2016 2016 2016 2016 2016 2016 2016

Year of

interlaboratory test to to to to to to to to to to
2017 2017 2017 2017 2017 2017 2017 2017 2017 2017

Number of 8 8 8 8 8 8 8 8 8 8

laboratories

Number of non-com- 0 0 0 0 0 0 0 0 0 0

pliant laboratories

Number of lgberate
ries retained after 8 8 8 8 8 8 8 8 8 8
eliminating putliers

Number of olitliers

(laboratories) 0 0 0 0 0 0 0 0 0 0
Number of 16 16 15 16 16 16 N iy Iy P
accepted results

Mean value,

X , 1g/100 g|RTFi 7,09 7,12 8,72 9,31 10,7 8,12 3,93 797 794 2415
Repeatability

standard deyiation, 0,142 | 0,225 | 0,241 | 0,212 | 0,216 | 0,558 40;159 | 0,204 | 0,275 | O121
Sr, ug/100 g RTF

Reproducibility
standard deyiation, [0,316 0,330 | 0,319 | 0,367 | 0,873 |_ 136 | 0,249 | 0,305 | 0,384 | 0,246
Sgr, ug/100 gRTF

Coefficient of varia-
tion of repedtability, 2,00 3,16 2,76 2,28 2,02 6,87 4,05 2,56 3,47 5164
CV'r, %

Coefficient off
variation of
reproducibilfty,
Cvr %
Repeatability limit,
rir=2,8xs, 0,398 | 0,631.1.0,675 | 0,594 | 0,606 1,56 0,446 | 0,572 | 0,771 | 0,839
nug/100 g RT
Reproducibility limit,
R[R=2,8x4g], 0,886,4\0;923 | 0,894 1,03 2,45 3,81 0,698 | 0,853 1,08 0,688
nug/100 g RTF

HorRat valug,
according to 0,187 | 0,195 | 0,158 | 0,172 | 0,365 | 0,717 | 0,244 | 0,163 | 0,207 | 0,401
Reference [5]]

4,46 4,63 3,66 3,94 8,16 16,7 6,34 3,82 4,84 1,4

£3)
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