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Foreword

This document (EN 14148:2003) has been prepared by Technical Committee CEN/TC 275 “Food analysis -
Horizontal methods”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by January 2004, and conflicting national standards shall be withdrawn at the latest
by January 2004.

Annexes A, B and C are informative.

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

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal,
Slovakia, Spain, Sweden, Switzerland and the United Kingdom.
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1 Scope

This European Standard specifies a method for the determination of vitamin K1 in foodstuffs by high performance
liquid chromatography (HPLC). The determination of Vitamin K1 content is carried out by measurement of reduced
phylloquinone. The method has been validated for milk and infant formula, however laboratory experiences exist
which show that the method is also applicable to other type of foodstuffs [10].

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies (including amendments).

EN ISO 3696, Water for analytical laboratory use — Specification and test methods (ISO 3696:1987).

3 Principle

After enzymatic removal of fat from the sample vitamin K1 is determined in an appropriate sample solution by high
performance liquid chromatographic separation coupled with post-column reduction and subsequent fluorometric
detection. Vitamin K1 isomers are quantified as a single unresolved peak with a C18 column [1] to [4].

4 Reagents

4.1 General

During the analysis, unless otherwise stated, use only reagents of recognised analytical grade and water of at least
grade 1 according to EN ISO 3696 or use distilled water.

4.2 Chemicals and solutions

4.2.1 Methanol,  mass fraction w(CH3OH) ≥ 99,8 %

4.2.2 Ethanol, volume fraction �(C2H5OH) ≥ 99,8 %

4.2.3 Reagent alcohol, �(C2H5OH) = 95 %

Mix 950 ml of ethanol (4.2.2) with 50 ml of methanol (4.2.1).

4.2.4 Dichloromethane, w(CH2Cl2) ≥ 99,5 %

4.2.5 n-Hexane, w(C6H14) ���� %

4.2.6 Light petroleum, bp. 35 °C to 60 °C, p.a.

4.2.7 Potassium hydroxide, w(KOH) ���� %

4.2.8 Potassium hydroxide solution, substance concentration c(KOH) = 10 mol/l
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4.2.9 Potassium dihydrogen phosphate, w(KH2PO4) ≥ 99,5 %

4.2.10 Potassium carbonate, w(K2CO3) ≥ 99,9 %

4.2.11 Sodium acetate, anhydrous, w(CH3COONa) ≥ 99,5 %

4.2.12 Acetic acid, w(CH3COOH) ≥ 99,8 %

4.2.13 Zinc chloride, w(ZnCl2) ≥ 98 %

4.2.14 Zinc, powder, particle size < 63 µm, w(Zn) ���� %

4.2.15 Phosphate buffer pH 7,9 to 8,0

Dissolve 54,0 g of potassium dihydrogen phosphate (4.2.9) in approximately 350 ml of water, adjust the pH to 7,9
to 8,0 with potassium hydroxide solution (4.2.8) and dilute to 500 ml with water.

4.2.16 Zinc chloride-acetate solution

Weigh 13,7 g of zinc chloride (4.2.13), 4,1 g of anhydrous sodium acetate (4.2.11) and 3,0 g of acetic acid (4.2.12)
in a 50 ml volumetric flask, dissolve in methanol (4.2.1) and dilute to 50 ml with methanol.

4.2.17 Lipase type VII

e.g. from Candida rugosa, activity ca. 1000 U/mg or suitable alternative1); other enzyme sources from
Pseudomonas and Rhizopus species can also be used considering the different activity profile.

4.2.18 HPLC Mobile phase

Mix 100 ml of dichloromethane (4.2.4), 900 ml of methanol (4.2.1) and 5 ml of zinc chloride-acetate solution
(4.2.16). Filter through a 0,45 µm filter.

4.3 Vitamin K 1 standard substance (Phyllochinone, 3-Phythylmenadione), w(C31H46O2) ≥ 99%

Vitamin K1 can be obtained from various suppliers. The purity of the phylloquinone standard may vary. It is
therefore necessary to determine the concentration of the calibration solution by UV-spectrometry (see
concentration test 4.4.4)

4.4 Stock solutions

4.4.1 Precautions

Vitamin K1 is very sensitive to light. Measures have to be taken to protect the standard and the corresponding
solutions during the whole procedure e.g. by using generally brown glass ware.

4.4.2 Vitamin K 1 stock solution I, mass concentration ρ(C31H46O2) ≈ 1,0 mg/ml

Weigh accurately approximately 100 mg of vitamin K1 standard substance (4.3) into a 100 ml volumetric flask
dissolve in methanol (4.2.1) and dilute to 100 ml. This solution can be stored under nitrogen for 3 months at -20 °C
in the dark.

NOTE The amount of vitamin K1 can be difficult to dissolve in methanol.
                                                     

1) e.g. L-1754; Sigma Chemical Co, P.O. 14508, St. Louis, MO 63178 USA. This product was used in the interlaboratory
study. This information is given for the convenience of users of this standard and does not constitute an endorsement by CEN of
the product named. Equivalent products may be used if they can be shown to lead to the same results.
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4.4.3 Vitamin K 1 stock solution II, ρ(C31H46O2) ≈ 50,0 µg/ml

Pipette 5,0 ml of vitamin K1 stock solution I (4.4.2), into a 100 ml volumetric flask and dilute to volume with
methanol (4.2.1). This solution can be stored under nitrogen for 1 month at –20 °C in the dark.

4.4.4 Concentration test

Evaporate 5,0 ml of vitamin K1 stock solution II (4.4.3) by means of a rotary evaporator under partial vacuum or
under a stream of nitrogen. Redissolve the residue in 25,0 ml of n-hexane (4.2.5) or light petroleum (4.2.6).

Measure the absorbance of this solution in a 1-cm-cell against n-hexane or light petroleum as reference at the
maximum wavelength of about 248 nm with a spectrometer (5.1). Calculate the vitamin K1 mass concentration ρ, in
micrograms per millilitre, of the vitamin K1 stock solution II (4.4.3) according to equation (1):

419

510A 4
248 ××=ρ (1)

where

A248 is the absorption value of the solution at the maximum wave length of about 248 nm;

419 is the 1%
1cmA value of vitamin K1 in n-hexane (4.2.5) or light petroleum (4.2.6) at 248 nm[5];

104 is the conversion of 1%
1cmA  to microgramme per milliliter;

5 is the dilution step during solvent change from methanol to n-hexane.

4.5 Standard solutions

4.5.1 Intermediate standard solution, vitamin K 1, ρ (C31H46O2) ≈ 2,5 µg/ml

Pipette 5,0 ml of vitamin K1 stock solution II (4.4.3), into a 100 ml volumetric flask and dilute to volume with
methanol (4.2.1).

4.5.2 Standard test solution for HPLC, vitamin K 1, ρ (C31H46O2) ≈ 25,0 ng/ml

Pipette appropriate volumes e.g. 1 ml of the vitamin K1 intermediate standard solution (4.5.1) into brown volumetric
flasks e.g. 100 ml and add methanol (4.2.1) to dilute to volume. Prepare this solution fresh every day.

5 Apparatus

Use laboratory apparatus and, in particular, the following:

5.1 UV Spectrometer

UV spectrometer capable of measuring absorptions at defined wavelengths, with appropriate cells, e.g. of 1 cm
length.

5.2 HPLC system

HPLC system, consisting of a pump, a sample injecting device, a fluorescence detector with an excitation
wavelength set at e.g. 243 nm and an emission wavelength set at e.g. 430 nm and an evaluating system such as
an integrator.
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5.3 HPLC column

Analytical reversed phase column, e.g. of diameter 3,0 mm to 4,6 mm, length 100 mm to 250 mm, filled with
particle size 3 µm to 10 µm.

Particle sizes and column dimensions other than those specified in this European Standard may be used.
Separation parameters have to be adapted to such materials to guarantee equivalent results.

Other systems (see annex C) can be used providing that a satisfactory separation of phylloquinone from other co-
extractives is achieved.

5.4 Post-column reductor

A stainless steel or glass column placed between analytical column and fluorescence detector, e.g. of diameter
2,0 mm to 6,0 mm, length 10 mm to 150 mm, filled with zinc powder (4.2.14).

5.5 Filter device

Membrane filter with pore size of, e.g. 0,45 µm are appropriate.

NOTE Filtering of the mobile phase as well as of the sample solution through a membrane filter prior to use or injection is
supposed to increase longevity of the columns.

6 Procedure

6.1 Precautions

Vitamin K1 is very sensitive to light. Measures have to be taken to protect the sample and the corresponding
solutions during the whole procedure e.g. by using generally brown glass ware.

6.2 Preparation of the test sample

Homogenise the test sample. Grind coarse material with an appropriate mill and mix again. Measures such as pre-
cooling have to be taken to avoid exposing to high temperature for long periods of time.

6.3 Preparation of the sample solution

6.3.1 Sample extraction

Weigh an appropriate amount of the sample to the nearest mg, e.g. 1 g powdery or 10 g liquid material in a
closable test tube or a conical flask. Vortex powdery sample with 15 ml of water of 40 °C, supplement liquid
samples with 5 ml of water of 40 °C. Run a blank just with the reagents by omitting the sample (see 6.5).

6.3.2 Enzyme treatment

Add 5 ml of phosphate buffer pH 7,9 to 8,0 (4.2.15) and mix. Add 1,0 g lipase (4.2.17), vortex, stopper and shake to
disperse for approximately 2 min to 3 min. Incubate the mixture at a temperature of 37 °C ± 2 °C for 2 h. At regular
intervals, e.g. 20 min, shake manually the mixture vigorously.

6.3.3 Extraction

Cool to room temperature, add 10 ml of reagent alcohol (4.2.3) and 1,0 g of potassium carbonate (4.2.10) and mix
well. Add a defined volume VE of n-hexane (4.2.5), e.g. 30 ml and shake vigorously. Allow separation of the phases
by leaving to stand in the dark or by centrifuging e.g. at 2000 g for 10 min. The n-hexane extract can be stored
overnight if kept at 4 °C under nitrogen in the dark.
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6.3.4 Phase transfer and dilution

Pipette an aliquot VA of the n-hexane phase (6.3.3) e.g. 0,5 ml for fortified samples or 5,0 ml for non-fortified
samples into a vial. Remove the solvent under nitrogen and redissolve the residue in a defined volume V of
methanol (4.2.1), e.g. 1,0 ml. This is the final sample test solution for the HPLC analysis.

6.4 Identification

Identify the vitamin K1 by comparison of the retention time of the peak in the chromatograms obtained with the
sample test solution (6.3.4) and with the standard solution (4.5.2). Peak identification can also be performed by
adding small amounts of the appropriate standard solutions to the sample test solution.

The separation and the quantification have proven to be satisfactory if following experimental conditions are
followed (see also Figure A.1 to A.3). For alternative HPLC-conditions see Table C.1.

Stationary Phase: C18 e.g. Resolve C18, 5 µm, 150 mm x 3,9 mm

Mobile phase: Mix 100 ml dichloromethane (4.2.4), 900 ml methanol (4.2.1) and 5 ml zinc chloride-
acetate solution (4.2.16)

Flow rate: 1,0 ml /min

Injection volume: 20 µl

Reductor column: 20 mm x 4 mm stainless steel column filled with zinc powder (4.2.14)

Detection: Fluorometric, Excitation: 243 nm; Emission: 430 nm

NOTE 1 The vitamin K1 isomers (cis and trans) do elute in a single unresolved peak using C18 stationary phases [6, 7].
Recent laboratory work has shown that the separation of the isomers in food samples can be achieved using a C30 column [10].
However the isomers in standards and concentrates can be separated by normal phase chromatography using UV detection [8,
9].

NOTE 2 Laboratory experience has shown that the reductor column can be heated to 40 oC during the HPLC analyses in
order to get a faster reduction.

6.5 Determination

Inject the same appropriate volumes, e.g. 20 µl of the standard test solution (4.5.2) as well as of the sample test
solution (6.3.4) into the HPLC-system.

To carry out the determination by external calibration, integrate the peak areas or determine the peak heights of the
sample and compare the results with the corresponding values for the standard substance.

The vitamin K1 concentration in the final sample solution is very low. It is therefore necessary to perform all
operations with clean glassware to avoid contamination. Use the blank prepared using the same procedure but by
omitting the sample to confirm the absence of such a contamination.

7 Calculation

Base the calculation on a calibration graph or use the corresponding programs of the integrator or use the following
simplified procedure.

Calculate the mass fraction w, of vitamin K1 in µg/100 g of the sample using equation (2):

1000VmA

100VA
w

×××
××××=

AST

ES Vρ
(2)

where
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AS is the peak area or peak height for vitamin K1 obtained with the sample solution (6.3.4), in units of area
or height;

AST is the peak area or peak height for vitamin K1 obtained with the standard solution (4.5.2), in units of area
or height;

ρ is the concentration of vitamin K1 in the standard solution (4.5.2), in nanogram per millilitre;

V is the total volume of sample solution (6.3.4), in millilitre;

VA is the volume of aliquot of the extract used for the phase transfer, in millilitre;

VE is the volume of the n-hexane extract (6.3.3), in millilitre;

m is the sample mass, in gram;

1000 is the conversion factor of nanogram to microgram;

100 is the conversion factor for the mass fraction per 100 g.

Report the result for vitamin K1 in µg/100 g.

8 Precision

8.1 General

The precision data for the determination of vitamin K1 were established in 1998 by an interlaboratory study
according to AOAC International Guidelines on different fortified and non-fortified milk samples [4] and are shown in
annex B. The data derived from this collaborative study may not be applicable to analyte concentration ranges and
sample matrices other than those given in annex B.

8.2 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 vitamin K1 are:

UHT whole liquid milk, non-fortified (1) x   = 0,49 µg/100 g r = 0,12 µg/100 g

Goat whole milk powder, non-fortified (2) x   = 6,63 µg/100 g r = 0,60 µg/100 g

Milk-base infant formula, oil-filled, fortified (3) x   = 118,07 µg/100 g r = 14,01 µg/100 g

Whey-based infant formula, partially oil-filled, fortified (4) x   = 32,24 µg/100 g r = 4,31 µg/100 g

Soy-based infant formula, oil-filled, fortified (5) x   = 78,69 µg/100 g r = 5,71 µg/100 g

Whey-based infant formula, oil-filled, fortified (6) x   = 49,64 µg/100 g r = 7,11 µg/100 g

Whey-based infant formula, partially oil-filled, fortified (7) x   = 90,94 µg/100 g r = 11,32 µg/100 g

NIST SRM 18462) , dry blended infant formula (8) x   = 94,62 µg/100 g r = 15,05 µg/100 g

                                                     

2) Assigned value (94 ± 10) µg/100 g.
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Numbers in parentheses refer to the sample number in Table B.1 (see annex B)

8.3 Reproducibility

The absolute difference between two single test results obtained on identical material reported by two laboratories
will exceed the reproducibility limit R in not more than 5 % of the cases.

The values for vitamin K1 are:

UHT whole liquid milk, non-fortified (1) x   = 0,49 µg/100 g R = 0,15 µg/100 g

Goat whole milk powder, non-fortified (2) x   = 6,63 µg/100 g R = 1,08 µg/100 g

Milk-base infant formula, oil-filled, fortified (3) x   = 118,07 µg/100 g R = 18,19 µg/100 g

Whey-based infant formula, partially oil-filled, fortified (4) x   = 32,24 µg/100 g R = 5,98 µg/100 g

Soy-based infant formula, oil-filled, fortified (5) x   = 78,69 µg/100 g R = 9,53 µg/100 g

Whey-based infant formula, oil-filled, fortified (6) x   = 49,64 µg/100 g R = 10,65 µg/100 g

Whey-based infant formula, partially oil-filled, fortified (7) x   = 90,94 µg/100 g R = 11,60 µg/100 g

NIST SRM 1846
2)
, dry blended infant formula (8) x   = 94,62 µg/100 g R = 17,95 µg/100 g

Numbers in parentheses refer to the sample number in Table B.1 (see annex B)

9 Test report

The test report shall contain at least the following data:

a) all information necessary for the complete identification of the sample;

b) a reference to this European Standard or to the method used;

c) the date and type of sample procedure (if known);

d) the date of receipt;

e) the date of test;

f) the results and the units in which the results have been expressed;

g) any particular points observed in the course of the test;

h) any operations not specified in the method or regarded as optional which might have affected the results.
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Annex A
(informative)

Figures

B
Key
A Intensity, mV
B Time, min

Figure A.1 - Example of an HPLC separation of vitamin K 1 from sample 1
(UHT whole liquid milk, non-fortified)

B
Key
A Intensity, mV
B Time, min

Figure A.2 - Example of an HPLC separation of vitamin K 1 from sample 2
(Goat whole milk powder, non-fortified)

A

A
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B
Key
A Intensity, mV
B Time, min

Figure A.3 - Example of an HPLC separation of vitamin K 1 from sample 5
(Soy-based infant formula, oil-filled, fortified)

Stationary Phase: C18 e.g. Resolve C18, 5 µm, 150 x 3,9 mm

Mobile phase: Mix 100 ml dichloromethane (4.2.4), 900 ml methanol (4.2.1) and 5 ml zinc chloride-acetate
solution (4.2.16)

Flow rate: 1,0 ml /min

Injection volume: 20 µl

Reductor column: 20 mm x 4 mm stainless steel column filled with zinc powder (4.2.14)

Detection: Fluorometric, Excitation: 243 nm; Emission: 430 nm

A
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Annex B
(informative)

Precision data

The following precision data have been defined in an international collaborative study [4].

Table B.1

Sample number 1 2 3 4 5 6 7 8

Analyte Vitamin
K1

Vitamin
K1

Vitamin
K1

Vitamin
K1

Vitamin
K1

Vitamin
K1

Vitamin
K1

Vitamin
K1

Year of the interlaboratory test 1998 1998 1998 1998 1998 1998 1998 1998

Number of laboratories 33 34 34 34 34 34 34 34

Number of samples 2 2 2 2 2 2 2 2

Number of laboratories retained after elimination
of outliers

32 29 34 34 34 34 33 34

Number of outliers 1 5 0 0 0 0 1 0

Number of data sets 62 56 66 66 66 66 64 66

Mean value, x  µg/100 g 0,49 6,63 118,07 32,24 78,69 49,64 90,94 94,62

Repeatability standard deviation sr, µg/100 g 0,04 0,21 5,00 1,54 2,04 2,54 4,04 5,38

Repeatability relative standard deviation RSDr,% 9,03 3,23 4,24 4,77 2,59 5,11 4,44 5,68

Repeatability limit r [r = 2,8 × sr], µg/100 g 0,12 0,60 14,01 4,31 5,71 7,11 11,32 15,05

Reproducibility standard deviation sR, µg/100 g 0,05 0,39 6,50 2,14 3,40 3,80 4,14 6,41

Reproducibility relative standard deviation,
RSDR, %

10,94 5,81 5,50 6,63 4,33 7,66 4,56 6,78

Reproducibility limit R [R = 2,8 × sR], µg/100 g 0,15 1,08 18,19 5,98 9,53 10,65 11,60 17,95

Samples:

1 UHT whole liquid milk, non-fortified;

2 Goat whole milk powder, non-fortified;

3 Milk-base infant formula, oil-filled, fortified;

4 Whey-based infant formula, partially oil-filled, fortified;

5 Soy-based infant formula, oil-filled, fortified;

6 Whey-based infant formula, oil-filled, fortified;

7 Whey-based infant formula, partially oil-filled, fortified;

8 NIST SRM 1846, dry blended infant formula with an assigned value of (94 ±  10) µg/100 g.
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Annex C
(informative)

Alternative HPLC-Systems

The separation and quantification has been proven to be satisfactory if the following chromatographic conditions
are being applied [4].

Table C.1

Stationary Phase
Column Dimension

(mm x mm)a  
Reductor

(mm x mm)a  
Flow

(ml/min)c  

Alltima C18, 5 µm 150 x 4,6 20x4 1,5

Novapak C18, 5 µm 100 x 8,0 20x4 1,5

Lichrospher 100 RP18, 5 µm 250 x 4,0 125x3b  1,5

Resolve C18, 5 µm 150 x 3,9 20x4 1,0

L-Column ODS, 5 µm 250 x 4,6 20x4 0,8

L-Column ODS, 5 µm 150 x 4,6 10x6 0,8

Capcell Pak C18, 5 µm 250 x 4,6 20x2 1,0

Econosphere C18, 5 µm 250 x 4,6 30x4,6 1,0

Vydac C18, 5 µm 250 x 4,6 20x4 1,0

Nucleosil 120 C18, 5 µm 250 x 4,0 30x4 1,3

Spherisorb ODS2, 5 µm 250 x 4,6 20x4 1,5

Varian C18, 5 µm 250 x 4,6 20x4,6 1,2

Pickering C18, 5 µm 150 x 4,6 20x4 1,0

Hypersil BDS C18, 3 µm 150 x 3,0 40x2 0,5

ChromSpher C18, 5 µm 100 x 3,0 40x3 0,6

Hypersil ODS, 5 µm 250 x 4,6 20x4 1,0

Vydac 201 TP54 C18, 5 µm 250 x 4,6 50x2,1 0,8

Partisil ODS3, 5 µm 250 x 4,6 20x4 1,0

Supelco C18, 5 µm 250 x 4,0 30x4 1,5

YMC Pack ODS-AM, 5 µm 250 x 4,6 150x4,6 1,3

Zorbax Rx C18, 5 µm 150 x 4,6 20x4 1,0

Zorbax ODS, 5 µm 250 x 4,6 20x4 1,5

µBondapak C18, 10 µm 300 x3,9 20x4 1,0

Prodigy ODS3, 5 µm 150 x 4,6 20x4 1,5

YMC C30, 5 µmd   250 x 4,6 20x4 1,5

a Stainless steel.

b Glass.

c Composition of the mobile phase as indicated in the method.

d This column does separate the vitamin K1 isomers (cis and trans). The results obtained with this column
have been excluded from the statistical data.
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