
Analytical, Nutritional and Chemical Methods Section

Quality of vitamin K analysis and food composition data in Finland

V. Piironen*, T. Koivu

Department of Applied Chemistry and Microbiology, University of Helsinki, PO Box 27, FIN-00014, Helsinki, Finland

Received 29 July 1998; accepted 29 July 1998

Abstract

The phylloquinone content of plant-based foods, e.g. oils and margarines, vegetables, fruits, berries, and cereal products con-

sumed in Finland were recently published. Based on this data the quality of vitamin K analysis and food composition data are
discussed, emphasising method validation and the e�ects of the sampling system. The details of the procedures are carefully docu-
mented in the original papers to facilitate evaluation of the data by the users. The results showed great variation in the phyllo-

quinone content of individual subsamples of di�erent items, as well as in pooled samples of vegetables and margarines. The number
of subsamples should thus always be considerable. Furthermore, repeating the sampling of items regarded as important is recom-
mended. # 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Research on vitamin K at the University of Helsinki
investigates the occurrence of phylloquinone and mena-
quinones in various types of food. So far, the phyllo-
quinone content of oils and margarines (Piironen,
Koivu, Tammisalo & Mattila, 1997), vegetables, fruits
and berries (Koivu, Piironen, Henttonen & Mattila,
1997) and cereal products (Koivu, Piironen & Mattila
1999) has been analysed. The signi®cance of dihydro-
phylloquinone, a compound formed from phyllo-
quinone when vegetable oils are hydrogenated, was also
studied (Koivu, Piironen & Mattila, 1998). At the
moment the focus is on vitamin K compounds in animal
products.
This work has enabled discussion of the quality of

vitamin K analysis and food composition data in Fin-
land, particularly method validation and the e�ect of
sampling, e.g. analysing one pooled sample versus
repeating the sampling and pooling versus analysing
individual subsamples. To provide some background to
the procedures chosen, the criteria proposed by Holden,
Beecher, Doherty, Davis and Finglas (1997) for food
composition studies are also brie¯y summarised.

2. Analytical method

Holden et al. (1997) o�ered these criteria for evaluat-
ing food composition data, which an analytical method
has to ful®l to achieve the best score: published doc-
umentation with validation for the foods analysed; use
of reference material with results within an acceptable
range or 95±105% recovery from similar food; use of
other method or laboratory on the same sample with
excellent agreement; acceptable repeatability. Some
other criteria were also included. Evaluating vitamin K
data, Booth, Sadowski, Weihrauch and Ferland (1993),
on the other hand, gave a best score of 3 where HPLC
with ¯uorometric detection or other method docu-
mented by a complete write-up with validation studies
for the foods analysed was used.
In this study, phylloquinone in vegetables, fruits, ber-

ries and cereal products was extracted with isopropanol-
hexane. Oils were analysed after dissolution in hexane
and margarines after extraction with hexane. These
hexane solutions were puri®ed using semipreparative
normal-phase HPLC. Extracts of the other samples
were analysed either directly or after the puri®cation
step. Reverse-phase HPLC equipped with a dual-elec-
trode electrochemical detector was used for quanti®ca-
tion. Menaquinone-4 was used as an internal standard
(Fig. 1). The main procedures in con®rming the relia-
bility of the method in the extraction, identi®cation and

0308-8146/99/$ - see front matter # 1999 Elsevier Science Ltd. All rights reserved.

PI I : S0308-8146(99 )00159-4

Food Chemistry 68 (2000) 223±226

www.elsevier.com/locate/foodchem

* Corresponding author.



quanti®cation step, and covering the entire analytical
method will be discussed in this paper.

2.1. Extraction

Extraction e�ciencies of at least two extraction
methods for each type of food were compared in order
to ®nd as e�cient a method as possible. The selection
was based on the results, variation in them, and recov-
eries. In addition, simplicity of the procedure was con-
sidered. Higher fat-soluble vitamin content is frequently
found in cooked than in the corresponding raw vege-
tables. This is probably caused by variable extrac-
tability. In the case of vegetables, results obtained for
raw and the corresponding cooked material were thus
compared. A comparison study with the Food Admin-
istration in Sweden was also carried out. Because of the
lack of certi®ed reference material for vitamin K in
foods, this validation mean could not be used. The main
di�erence in the selected extraction method, compared
with previous methods, is that a digestion step, heating
the sample in a small amount of isopropanol for 5 or 10
min to soften the structure and to inactivate enzymes,
was used before extraction.

2.2. Puri®cation

Puri®cation using semipreparative HPLC was needed
to remove lipids from the hexane solutions of oils and
margarines before quanti®cation with reverse-phase

HPLC. The need for this step with other samples was
checked with blank tests without adding the internal
standard. The puri®cation step was carried out if there
were interfering peaks. In that step the most important
way to con®rm reliable operation was to check collec-
tion times for the vitamin K compounds regularly.

2.3. Quanti®cation

The parameters determined to con®rm reliable quan-
ti®cation included linearity of the detector response and
detection limits. Linearity was shown in the tested range
of 0.1±50 ng per injection. The detection limit for phyl-
loquinone was 50 pg and for menaquinone-4 20 pg.
Reliability was further con®rmed by determining the
response factors regularly and by showing that variation
in the retention times and detector responses was small.
Recovery tests using external standard quanti®cation
con®rmed similar extractability of phylloquinone and
the internal standard. To con®rm peak purity, the
response ratios of phylloquinone and menaquinone-4 in
the standard solution and in the sample at two di�erent
electrode potentials were compared. Participation in the
Quality of Vitamin K Analysis Scheme coordinated by
St. Thomas Hospital, UK, o�ered an additional oppor-
tunity to test the quanti®cation step. In that project
standards and plasma samples are circulated twice a
year. To monitor the analytical level, standards sent
to our laboratory were quanti®ed against our own
standards.

Fig. 1. Scheme of procedure for determining phylloquinone content of plant-based foods.
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2.4. Entire analytical procedure

The reliability of the entire analytical procedure was
con®rmed by recovery tests. When the internal standard
quanti®cation method was used, the mean values for
di�erent matrices were as follows: 98% for oils (n=20),
102% for margarines (n=12), 96±99% for vegetables,
fruits and berries (n=23), 96% for rye meal (n=5) and
92% for rye bread (n=3). Repeatability was monitored
by using in-house reference materials. The day-to-day
repeatabilities for di�erent matrices ranged from 3%
(oil) to 7% (margarine). Variation in the results of tri-
plicated samples was usually below 4% for oils and
margarines and less than 10% for other materials. These
®gures include variation caused by the pooling and
homogenisation practices because each replicate was
weighed from a separate package of the pooled sample.

3. Sampling

The criteria for sampling in food composition studies
established by Holden et al. (1977) deal with number of
samples, sample handling and sampling plans. For the
best score the number of samples has to be extensive.
The various steps in sample handling have to be docu-
mented. Samples should be taken using multiple
geographical sampling and con®rming that they are
representative of brands/varieties consumed or com-
mercially used. Our sampling system was based on
ranking the samples in various categories. The more
important the sample type was thought to be, the more
e�ort was put into the sampling procedures.
One pooled sample of 10 subsamples was analysed for

those samples regarded as less important. These items
included cereal products, berries, fruits and some vege-
tables. These subsamples as well as samples of the other
categories were bought from carefully selected retail
stores or market places in the cities of Helsinki, Vantaa
and Espoo in the Helsinki area. Knowing the food pro-
duction and distribution system in Finland, sampling

from di�erent parts of the country was not regarded as
necessary in this ®rst study. In the case of oils, margar-
ines and ¯ours, products of the same few manufactures
are sold all over the country. Similarly, imported vege-
tables and fruits are distributed through the same
wholesalers to various parts of Finland. In the case of
domestic vegetables, fruits and berries, which are con-
sumed more locally, our procedure was to document
their origin as carefully as possible and to see that the
subsamples came from di�erent producers.
Sampling of all oils and margarines and some vege-

tables was repeated, the total number of subsamples
thus being 20. Some important vegetables were investi-
gated in more detail. Their sampling was repeated four
times, yielding 40 subsamples. Furthermore, some items
within each food group were selected for more detailed
study, variation in individual subsamples being investi-
gated. In addition, our intention was to select those
food items which need to be investigated further from
this ®rst study. The variation found in the results per-
mits evaluation of the reliability of the vitamin K data
after di�erent sampling approaches.
Variation between the two sampling times of oils

ranged from 0 to 27%. The di�erence for rapeseed oil,
which is the most important oil in Finland, was about
13%. When this most important oil was investigated
further by analysing six individual oil bottles, phyllo-
quinone content varied from 140 to 187 mg/g (coe�cient
of variation, CV, 11%). No di�erence between manu-
factures or correlation with storage time was found in
the phylloquinone content, but the results indicated that
the variation was caused by other factors, such as dif-
ferences in the raw materials or storage conditions.
The di�erences in the results of the two pooled

samples of margarine brands were considerable, 0±36%,
and were probably caused by di�erences in raw materi-
als. On the other hand, a batch of samples taken from
the manufacturer immediately after production con-
tained 13% more phylloquinone than the retail samples
of the same brand, indicating that storage may also
have had some in¯uence. The variation in the most

Table 1

Variation in the phylloquinone content of vegetables (Koivu et al., 1997)

Food Na Phylloquinoneb (mg/100 g) Range (mg/100 g) CV (%)c between

Broccoli 2 110�13 91.1±135.8 11, 1

Carrot 2 19�0.9 16.0±22.6 17, 6

Chinese cabbage 2 80�11 72.4±99.8 5, 3

Cucumber 2 15�0.7 14.6±16.9 2, 3

Iceberg lettuce 2 39�3.3 30.2±45.6 13, 5

Tomato 2 5�0.4 2.4±5.7 7, 9

Lettuce in pot 4 100�10 82.6±129.9 14, 1

White cabbage 4 60�5 53.4±73.4 6, 3

a Sampling times.
b Mean � SD.
c Between sampling time coe�cient of variation.
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popular margarine brand in Finland was monitored
further. The phylloquinone content ranged from 96±117
mg/g when six individual packages were analysed (CV
6.6%).
Variation between the pooled samples of vegetables is

given in Table 1. It was considerable given that each
pooled sample was composed of 10 subsamples, and
was statistically signi®cant for pot-grown lettuce, Ice-
berg lettuce and carrot. When domestic samples were
compared, results were usually higher in summer, when
the samples represented the new crop of that year. The
phylloquinone content of individual subsamples of
white cabbage, pot-grown lettuce and carrots di�ered
remarkably; they ranged 54±130, 28±72 and 9±14 mg/100
g for lettuce, white cabbage and carrot, respectively.
Signi®cant variation in the phylloquinone contents of

the pooled samples means that sampling of those items
regarded as important should be repeated if possible. As
shown by variation in the subsamples, attention should
always be paid to the number of subsamples.

4. Conclusions

The procedure used in this study for validating the
analytical method ful®ls the criteria proposed for
food composition studies. The sampling system was a

compromise seeking reliable vitamin K data at reason-
able costs. This was achieved by focussing the e�ort on
items which were regarded as important in vitamin K
nutrition. Careful documentation of the procedures
in the original papers enables the users to evaluate
the data. Furthermore, aspects shown to require more
detailed investigation can be identi®ed.
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