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A comprehensive study of vitamin D in foods was undertaken during 1991-1994
in Finland to develop high-performance liquid chromatographic (HPLC)
methods for analysing cholecalciferol, ergocalciferol and their 25-hydroxylated
metabolites in fish, egg yolk, meat, milk, edible mushrooms and fortified foods,
and to evaluate which vitamin D compounds should be analysed to estimate the
total vitamin D contents in these foods. The procedures included saponification,
extraction and purification using one or two chromatographic steps prior to
quantification by HPLC using internal standard methods. Ergocalciferol was
used as an internal standard for cholecalciferol and vice versa, and, as first
presented in the present study, 25-hydroxyergocalciferol was used as an internal
standard for 25-hydroxycholecalciferol and vice versa.The methods developed
were well suited to determining the contents of ergocalciferol, cholecalciferol and
their 25-hydroxylated metabolites in food. Good estimates of the vitamin D
content of fish or edible mushrooms are obtained if only cholecalciferol or
ergocalciferol, respectively, are determined. On the other hand, in addition to
cholecalciferol 25-hydroxycholecalciferol should also be determined from egg
yolk, meat and milk. Copyright © 1996 Elsevier Science Ltd

INTRODUCTION

Vitamin D compounds are naturally present in only a
few foods: fish, egg yolk, meat, milk and edible mush-
rooms. Due to low concentrations the determination of
vitamin D-active compounds has been a difficult and
laborious task. Previous biological methods were time-
consuming, expensive and did not distinguish between
different vitamin D compounds. Advances in high-per-
formance liquid chromatographic (HPLC) methods
have created new opportunities for assaying individual
vitamin D compounds.

Several HPLC methods have been published for
supplemental chole- or ergocalciferol. Most of these
methods use saponification and chromatographic pur-
ification, followed by quantification with HPLC, using
an internal standard method (van Niekerk & Smit,
1980; Rychener & Walter, 1985; Johnsson et al., 1989;
Sliva et al., 1992; Homberg, 1993). HPLC methods for
determining the presence of naturally occurring chole-
or ergocalciferol, and especially their hydroxylated
metabolites, are quite limited. Applications have mainly
been developed for milk samples (Hollis et al., 1981;
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Reeve et al., 1982; Kunz et al., 1984; Parviainen
et al., 1984; McDermott et al., 1983; Takeuchi et al.,
1988; Kurman & Indyk, 1994). In these applications
the quantification of the vitamin D compounds
has usually been done by a biospecific method and
HPLC has been used only for purification. Because
of limited studies, knowledge of the contribution of
different vitamin D compounds to the vitamin D
activity in foods other than milk can be regarded as
poor.

The present study, carried out in 1991-1994, describes
a set of HPLC methods for determining the concentra-
tion of chole- and ergocalciferol and their 25-hydro-
xylated metabolites in different foods. Although the
general approach previously developed for analysing
chole- or ergocalciferol in fortified foods (see above)
was adopted in this study, considerable development
and optimization was required in order to be able to
quantify the low concentrations of naturally occurring
chole- and/or ergocalciferol and their 25-hydroxylated
metabolites in different food matrices. The purpose of
this paper is to introduce HPLC methods developed,
and to clarify which vitamin D compounds should be
determined if the entire vitamin D activity of different
foods is to be estimated.
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Fig. 1. Procedures for the determination of vitamin D compounds in foods.

MATERIALS AND METHODS

The procedure used is presented in Fig. 1. The sample
sizes were 50-100 g for milk and milk products, 1g for
lyophilized mushroom and 20 g for fish, egg yolk, meat,
margarine and liver. Following Mattila et al. (1992)
samples were saponified at room temperature overnight.
The following morning the saponified samples were
extracted twice with a mixture of diethyl ether and pet-
roleum ether in the ratio 1:1. SPE (solid phase extrac-
tion) clean-up was carried out for egg yolk and
margarine using silica SPE columns (2g for egg yolk
and 0.5g for margarine) and solvent systems of n-hex-
ane-2-propanol, according to Mattila et al. (1992, 1993,
1995a), respectively. Semi-preparative HPLC purifica-
tion was carried out for all samples; both isocratic and
gradient elutions were used. Isocratic purification
(straight-phase mode) was applied if the fractions of
vitamin D had already been separated by SPE (Mattila
et al., 1992, 1993) or if the analysis was to cover only
cholecalciferol (Mattila et al., 19954). On the other
hand, gradient elution (straight-phase mode) was used
when more than a single fraction of vitamin D com-
pounds had to be collected during the semi-preparative
HPLC (Mattila et al., 1994, 1995b,c). In the case
of meat and milk products and edible mushrooms, a
second semi-preparative step (reverse-phase type) was
needed for the 25-hydroxycholecalciferol + 25-hydroxy-

ergocalciferol fraction (Mattila et al., 1994, 1995¢). A
second semi-preparative purification (reverse-phase
type) was also needed for the ergocalcifer-
ol + cholecalciferol fractions in most milk and meat
products (Mattila ez al., 1995¢).

The concentrations of chole- or ergocalciferol and
their 25-hydroxylated metabolites were determined
using reverse-phase and either reverse- or straight-phase
chromatography, respectively, with diode array or UV
detection at 264 nm (Mattila ez al., 1992, 1993, 1994,
19954,b,c). Internal standard methods were mostly used
for quantification; cholecalciferol and 25-hydro-
xycholecalciferol were internal standards for ergocalci-
ferol and 25-hydroxyergocalciferol (edible mushrooms),
while ergocalciferol and 25-hydroxyergocalciferol were
internal standards for cholecalciferol and 25-hydro-
xycholecalciferol (other samples). If the samples con-
tained the compounds to be used as internal standards,
these compounds were quantified using an external
standard method with recovery corrections (Mattila et
al., 1995c).

The reliability of the methods was tested by recovery
and repeatability tests, by running in-house reference
samples (randomly chosen food items in the food
groups under study), running blank tests with no added
internal standard and participating in the EC MAT
(European Community, Measurement and Testing) cer-
tification study on fortified margarine and milk powder
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Fig. 2. Analytical HPLC chromatograms of: (A) a standard mixture of ergocalciferol and cholecalciferol; (B) ergocalciferol (IS)
and cholecalciferol in a pike sample; (C) a standard mixture of 25-hydroxycholecalciferol and 25-hydroxyergocalciferol; and (D) 25-
hydroxyergocalciferol (IS) and 25-hydroxycholecalciferol in a whitefish sample.

(Finglas et al., 1994). In addition, the purity and iden-
tity of the peaks of vitamin D compounds were con-
firmed by diode array detection and by improving the
separating capacity with the help of a tandem-column
system. The detection limits and linearity of the detec-
tion were also determined for each analytical HPLC
modification used (Mattila et al., 1992, 1993, 1994,
1995a,b,c).

RESULTS AND DISCUSSION

The aim of the above procedure was to be able to
quantify the amounts of chole- and/or ergocalciferol
and their 25-hydroxylated metabolites contained in the
same extract. As a result of the differences in polarity
between chole- and ergocalciferol, on the one hand, and
their 25-hydroxylated metabolites, on the other, the
simultaneous quantification of these compounds during
the same chromatographic run was not practical.
Therefore, it was found reasonable to separate the frac-
tions containing cholecalciferol + ergocalciferol and 25-
hydroxycholecalciferol + 25-hydroxyergocalciferol dur-
ing the SPE or the semi-preparative HPLC steps, and to
quantify these fractions separately.

The number of purification steps was optimized indi-
vidually for each food group. The lower the vitamin D
compound content or the more complex the matrix, the
more purification steps were required before quantifica-
tion. To optimize the efficiency of purification, reverse-
and straight-phase types of chromatography were used
in turn. Quantification using internal standard methods
was preferred to external standard methods because of
possible losses caused by the many purification steps. In

the present study, to our knowledge, the use of 25-
hydroxyergocalciferol as the internal standard for
25-hydroxycholecalciferol and vice versa is presented
for the first time. Since these compounds are chemically
very similar, as are chole- and ergocalciferol, they
proved to be excellent internal standards for each other.
This was demonstrated in the study by determining
overall recoveries for the internal standards and com-
pounds examined. Although only 50% for some high-
fat foods, the overall recoveries of chole- and ergocalci-
ferol were practically the same for every recovery test
sample, and also for the 25-hydroxymetabolites.

The methods developed were well suited to determin-
ing the contents of ergo- and cholecalciferol and their
25-hydroxylated metabolites in food. Some milk and
meat products contained, however, indeterminable
amounts of the vitamin D compounds. The chole- and
ergocalciferol and the 25-hydroxymetabolite peaks
separated well from each other and from the matrix
(Fig. 2 and Fig. 3) (Mattila es al., 1992, 1993, 1994,
1995a,b,c). Monitoring the peaks using a diode array
detector confirmed their identity and purity. In most
samples interfering compounds did not elute at the same
retention times as the internal standards. The repeat-
ability of the methods was good, considering the low
concentration of the vitamin D compounds present in
the samples; coefficients of variation (CV%) for the tri-
plicated samples were <10% for chole- or ergocalci-
ferol and <20% for their 25-hydroxymetabolites. The
CV% of the reference sample was mainly <5%. In
addition, good recoveries (90-110% for chole- or ergo-
calciferol and 90-100% for 25-hydroxychole- or 25-
hydroxyergocalciferol) were obtained when calculated
using the internal standards. The cholecalciferol results
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Fig. 3. Analytical HPLC chromatograms of: (A) a standard mixture of ergocalciferol and cholecalciferol; (B) ergocalciferol (IS)
and cholecalciferol in an egg yolk sample; (C) a standard mixture of 25-hydroxycholecalciferol and 25-hydroxyergocalciferol; and
(D) 25-hydroxyergocalciferol (IS) and 25-hydroxycholecalciferol in an egg yolk sample.

obtained in our laboratory were very similar to the
mean values obtained from 11 laboratories in the EU
MAT certification study for fortified margarine and
milk (Finglas et al., 1994). The detector responses were
linear over the ranges tested (2-5 to 300-700 ng/injec-
tion), the coefficient of correlation being >0.999. The
detection limits of the diode array and conventional UV
detector were 1.5-2 and 0.5-0.7 ng/injection, respec-
tively, for the compounds determined.

It is assumed that the concentrations of vitamin D
metabolites other than 25-hydroxylated are so low in
food that they are of no practical significance (Hollis et
al., 1981; Takeuchi et al., 1988; Koskinen & Valtonen,
1985; Mawer & Gomes, 1994). Thus, by determining
only the amounts of chole- and ergocalciferol and their
25-hydroxylated metabolites, it is possible to derive
quite good estimates of vitamin D activity in foods.
Based on the present study, the predominant com-
pounds in fish and mushrooms were cholecalciferol and
ergocalciferol, respectively, and quite a good estimate of
the vitamin D activity of these foods can be derived by
analysing only the above compounds. On the other
hand, cholecalciferol and 25-hydroxycholecalciferol
should be determined from egg yolk, and meat and milk
products.
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