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Abstract

Australia needs accurate vitamin D food composition data to support public health initiatives.
Previously, limitations in analytical methodology have precluded development of a comprehensive
database. We used liquid chromatography with triple quadrupole mass spectrometry (LC-QQQ) to
analyse 149 composite samples representing 98 foods (primary samples #=896) in duplicate for
vitamin D3, 25-hydroxyvitamin D3 (25(OH)D3), vitamin D>, 25(OH)D,. The greatest concentrations
of vitamin D3 were found in canned salmon and a malted chocolate drink powder (fortified);
chicken eggs and chicken leg meat contained the most 25(OH)Ds. Margarine (fortified) and
chocolate contained the greatest concentrations of vitamin D;, with smaller amounts found in
various meat products. 25(OH)D; was detected in various foods, including meats, and was
quantitated in lamb liver. These data advance knowledge of dietary vitamin D in Australia and
highlight the importance of analysis of these four forms of vitamin D to accurately represent the

vitamin D content of food.

Keywords: 25-hydroxyvitamin D; Australia; diet; food composition data; LC-QQQ); vitamin D
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1. Introduction

Australia lacks comprehensive and up-to-date vitamin D food composition data, yet almost one
quarter of Australian adults have low vitamin D status (25-hydroxyvitamin D (25(OH)D)
concentration <50 nmol/L) (Australian Bureau of Statistics, 2014; Malacova et al., 2019). Lack of
high-quality Australia-specific vitamin D food composition data precludes the accurate estimation
of vitamin D intakes in the Australian population, which further impedes the estimation of existing
and optimal dietary supply of this important bone health promoting nutrient. Sun-exposure, the
major potential source of vitamin D, is often limited (Alfredsson et al., 2020) and Australians are
encouraged to protect their skin from prolonged sun exposure to reduce the risk of skin damage and
skin cancer (Cancer Council Australia, 2019). Accurate vitamin D food composition data are
needed to investigate potential dietary strategies that may improve vitamin D status at the

population level.

In order to accurately represent the vitamin D content of foods, it is necessary to account for the
four main forms (D vitamers): vitamin D3, vitamin D, and their respective hydroxylated forms,
25(0OH)D3 and 25(OH)D», which may be more bioactive than vitamin D3 and D, (Cashman et al.,
2012; Jakobsen, Melse-Boonstra, & Rychlik, 2019; Ovesen, Brot, & Jakobsen, 2003). However,
inclusion of all four D vitamers in food composition databases is uncommon. Of the 64 food
composition databases listed in the International Network of Food Data Systems (INFOODS)
international food composition table/database directory (Food and Agriculture Organization of the
United Nations (FAO), 2020), 41 include freely available online-accessible vitamin D food
composition data. Of these, only the Danish food composition database provides data for all four D
vitamers (National Food Institute, 2019). The four D vitamers are present in low concentrations in
food, are structurally complex and their chemical properties differ. This complicates their extraction
from food matrices and their accurate quantitation. Although sensitive, specific and efficient

analytical methods have been developed and improved over time (Bilodeau et al., 2011; Byrdwell et
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al., 2008; Heudi, Trisconi, & Blake, 2004; Huang, LalLuzerne, winters, & Sullivan, 2009; Jackson,
Shelton, & Frier, 1982; Jakobsen, Clausen, Leth, & Ovesen, 2004; Mattila, Piironen, Uusi-Rauva,
& Koivistoinen, 1995; Phillips et al., 2008; Strobel, Buddhadasa, Adorno, Stockham, & Greenfield,
2013; Trenerry, Plozza, Caridi, & Murphy, 2011), the expense and limited availability of high-
quality vitamin D analytical services are limiting factors in acquiring accurate vitamin D

composition data.

Due to potential geographical variations in the vitamin D content of foods and differing common
foods, it is inappropriate for Australia to borrow vitamin D food composition data from other
countries. The Australian Food Composition Database (AFCD) contains some vitamin D data
collected through small-scale analytical programs (FSANZ, 2019); however, a comprehensive
program using modern analytical methods is needed. Liquid chromatography with triple quadrupole
mass spectrometry (LC-QQQ) has been used previously to measure D vitamers and other
compounds (Adamec et al., 2011; Bilodeau et al., 2011; Bussche et al., 2014). Recently, a new
sensitive and specific LC-QQQ method was developed at the National Measurement Institute of
Australia (NMI), allowing accurate quantitation of vitamin D>, vitamin D3, 25(OH)D; and
25(OH)Ds at low concentrations in a single analytical run, with a throughput speed capable of
generating data on a scale suitable for food composition analysis. This study aimed to develop a

comprehensive analytical vitamin D food composition database for Australian foods using LC-

QQQ.

2. Materials and methods

2.1 Sampling and sample preparation

In order to capture data that most accurately represents foods commonly consumed in Australia, a
detailed sampling plan with handling and preparation instructions was developed for ninety-eight

food products. These foods were reported as commonly consumed by 2011-2013 Australian Health
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Survey (AHS) participants and were likely to contain vitamin D (Supplementary Table 1). Foods
that were expected to contain high concentrations of vitamin D, are frequently consumed, and/or
tend to be produced and used locally or in surrounding regions were sampled in three cities
(Sydney, Melbourne and Perth), which together represent approximately half of Australia’s
population and are located on both sides of the continent. Otherwise, samples were purchased in a
single city. The majority of samples were purchased from supermarkets, while for some foods (e.g.
fresh fish, meat) the sampling plan stipulated that a number of samples be purchased from
independent speciality shops (e.g. fish monger, butcher). Purchasing occurred in three phases (total
primary samples n=896: Sydney phase 1, August 2018, n=186; Melbourne phase 2, October-
December 2018, n=516; Perth phase 3, April-June 2019, n=194) to capture any seasonal variation

in vitamin D content.

Samples were chilled from time of purchase and packaged to prevent exposure to heat and light,
and loss of any liquid content during transportation. Product names, weights, and place and date of
purchase were recorded, as well as country of origin and production method (e.g. wild or
aquaculture for fish) where relevant and available. Samples were photographed upon arrival at NMI
to confirm that the correct food was purchased. Foods that are usually consumed cooked were
prepared (e.g. trimmed, grilled, baked) using common household methods without the addition of
other ingredients, except for small amounts of water to prevent sample contents sticking to cooking
vessels, if required. Primary samples of the same food type were homogenised to create a composite
sample (Sydney n=31; Melbourne n=86; Perth n=32) for each food type for each city in which it
was purchased. All composite samples comprised equal amounts of six primary samples, except for

dark chocolate, for which there were eight primary samples.

2.2 Analysis



122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

All composite samples were analysed at NMI in duplicate for moisture, fat, vitamin D3, 25(0OH)Ds3,
vitamin D2 and 25(0OH)Dz2. The D vitamers were analysed using an LC-QQQ method
(ISO17025:2017) that was based on methodology for an earlier liquid chromatography with ion-
trap mass spectrometry method (Strobel et al., 2013). Saponification, extraction and derivatisation
procedures were carried out under non-ultraviolet light (Gill & Indyk, 2018), to minimise vitamin D
deterioration, using methods described previously (Hughes et al., 2018). In brief, the weights of
sample aliquots (solid samples: 1-2.5 g, liquid samples: 5-15 g) were limited by fat content,
ensuring that the fat saponified did not exceed 1 g. This was to ensure that the sample fat did not
exceed the capacity of the saponification liquor, which was limited to the 50 mL (Falcon® tube)
saponification vessel. The saponification mixture consisted of sample, a known amount of
chemically labelled internal standard, 1 g sodium ascorbate, 10 mL deionised water, 30 mL ethanol,
2 g potassium hydroxide, and deionised water to make up to 50 mL. The chemically-labelled
internal standard solution included the following IsoSciences (Ambler, USA) isotopically-labelled
metabolites: vitamin D3 ['*Cs] carbon-13 labelled standard, 25(OH) D; ['3Cs] carbon-13 labelled
standard, vitamin D, [*H3] deuterated standard and 25(OH)D> [*Hs] deuterated standard. Vessels
were placed in a shaker bath for approximately 16 hours at 25°C. Vitamin D analytes were then
hydrolysed in the ethanolic potassium hydroxide solution (saponification), absorbed onto
diatomaceous earth (Agilent Technologies Chem Elut™ 10 mL unbuffered SPE cartridges [part #
12198007]), extracted into petroleum ether, and concentrated by evaporation under nitrogen gas to
dryness. The residue was resolvated into heptane, transferred to a liquid chromatography vial and
evaporated to dryness under nitrogen. This residue was resolvated into a solution of 4-Phenyl-1,2,4-
triazoline-3,5-dione (PTAD) in anhydrous acetonitrile to form vitamin D-PTAD derivatives. After
10 minutes, the derivatisation reaction was stopped by the addition of water. Extracts with
precipitate or a cloudy appearance were centrifuged at 10,000 rpm for one minute. Extracts were

transferred to microvials for analysis by LC-QQQ.
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Vitamin D; and D3 and their respective 25-hydroxy analytes were separated by reverse phase
chromatography on a C18 column (Supelco Ascentis® Express C18, 15 cm x 3 mm, 2.7 um
[Cat#53816-U]). Mobile phase A was prepared using 1 L Milli-Q® water, 1 mL 0.1% formic acid
and 0.5 mL 6.4 nM methylamine. Mobile phase B consisted of 1 L methanol, 1 mL 0.1% formic
acid and 0.5 mL 6.4 nM methylamine. The isolated vitamin D derivatives entered the triple
quadrupole as a methylamine adduct, while the remaining liquid chromatography run was diverted
to waste: 0 min to waste; 3.6 min to MS, 5.8 min to waste; 11.2 min to MS, 13.4 min to waste. The
flow rate was 0.6 mL/min across the gradient profile (Table 1). Example chromatograms are
provided as Supplementary Figure 1. Retention times for internal standards were equal to the non-
labelled compounds. The LC-QQQ (1290 Infinity Series LC System and 6460 Triple Quad LC-MS,
Agilent Technologies, Santa Clara, USA) was set up in electrospray ionisation mode with positive
polarity. The internal standard(s) corrected for extraction inefficiencies, compensated for instrument

injection variation, and negated potential matrix enhancement or suppression effects.

For each vitamin D analogue there was a precursor ion and three product ions. The product ion with
the highest abundance was used for quantitation while the two remaining product ions were termed
qualifier ions (Table 2). An appropriate calibration standard was selected and, for each analogue,
the ion abundance percentage ratios for each qualifier, with respect to its quantitation ion, was set to
100%. For each sample, the relative abundance ratios of the qualifier ions with respect to the
quantitation ion were used to verify the identification of each vitamin D analogue. Acceptance
criteria were as follows: 1) positive result: each qualifier ion >75% and <150% of the quantitation
ion, and integration of that ion was easily achievable from the background; ii) questionable result
(reported as <LOD): a qualifier ion was >50% and <75% or >150% and <200% of the quantitation
ion, or if the integration of that ion was subjective and operator dependent; iii) unconfirmed result: a
qualifier ion was <50% or >200% of the quantitation ion. The same process, using the same

isotopically-labelled metabolites, was followed for calibration. Quantitation was against a
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calibration curve of analyte response relative to chemically labelled internal standard versus analyte

concentration (example provided as Supplementary Figure 2).

Accuracy of the LC-QQQ method was tested using National Institute of Standards and Technology
(NIST) Standard Reference Material® (SRM) 1546a (meat homogenate). Ten 1 g samples of the
SRM were saponified to a final volume of 25 mL. From each of these 10 samples, 2 x 10 mL

aliquots were extracted to give a total of 20 aliquots for quantitation of vitamin D3 and 25(OH)Ds.

Moisture was measured using NMI’s in-house method, which is based on a previously published
AOAC method (AOAC International, 2005a). Total fat was determined either by Soxhlet (Food

Science Australia, 1998) or Mojonnier extraction (AOAC International, 2005b).

2.3 Quality assurance

Relative percent differences (RPDs) ((differences between replicate values/average of replicates) x
100) between duplicate analyses and percent recoveries were recorded. A number of samples in
each analytical run were selected at random for recovery analyses, where the selected sample was
spiked with a known concentration (ng/100 g of sample matrix) of each vitamin D analogue
analysed. Additionally, samples of an in-house control sample were analysed with each batch. This
control was a prepared mixture of infant formula and freeze-dried irradiated mushroom powder.
Quality assurance data were verified as meeting the following criteria: RPD<25% and percent
recoveries for spiked and control samples largely within the range of 80-120%. Data outside these

acceptable ranges were queried and re-tests arranged if deemed necessary.

The limit of quantitation (LOQ) was defined as the lowest concentration detectable using the
specified method, allowing for day-to-day variations in bias and precision. The LOQ was selected

as 0.1 png/100 g for all foods, except those with a high fat content (i.e. butter, margarine,
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mayonnaise and oil), for which the LOQ was estimated as 0.25 pug/100 g. The limit of detection
(LOD) was defined as the lowest concentration detected during a specific analysis and was matrix
dependent. LODs were determined as: (SD of seven replicate analyses carried out on low-level
spiked sample matrix) x (t-test value at 99% CI), where the spike concentration was related to the
least amount of analyte discernible in comparison to multiple readings of a blank reagent. Trace

values were defined as >LOD and <LOQ.

2.4 Data handling and quality checks

Data for proximates and D vitamers were checked against the following criteria: combined
proximates (moisture and fat) <100 g edible portion and proximate concentrations similar to
published Australian food composition data for the same foods (FSANZ, 2019). Concentrations of
D vitamers were questioned if differences to data published in Australia and overseas were unlikely
to be explainable by expected variations (e.g. due to production method or geographical location)
(FSANZ, 2019; National Food Institute, 2019; USDA, 2019). Data that did not comply with these

criteria were queried and re-tests arranged if deemed necessary.

Replicate values were averaged to produce average proximate and D vitamer values for each food.
Where foods were sampled in more than one city, values were averaged to produce a national

average for each food.

The full analytical dataset will be made available for future releases of the AFCD. Meanwhile, we
aggregated the data to demonstrate the wide variety of foods in which we detected and quantitated
the D vitamers. Analytical concentrations for individual foods were grouped together according to
food type and D vitamer profile. Mean concentrations for each proximate and D vitamer were

calculated for each food type group and reported where the mean >LOQ. Ranges were reported for
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food types where a quantifiable concentration was present. Standard deviations (SD) were reported

for food types that included more than one composite sample.

3. Results

3.1 Quality assurance results

The range of LODs was 0.01-0.2 ng/100 g. The mean RPD for vitamin D3, 25(OH)D3, vitamin D>
and 25(OH)D; was 5, 3, 6 and 2%, respectively. Of 58 recovery percentage results for control and
spiked samples across all D vitamers, all were within the range of 80-120%, except for three
samples from Melbourne in which the food matrix complicated analysis (vitamin D3 in basa fish
[76%] and Frankfurt sausages [78%], and 25(OH)D; in ice cream [79%]). The mean (standard
deviation [SD]) concentration determined for vitamin D3 in SRM 1546a was 0.211 (0.010) pg/100 g
(NIST reference value = 0.256 (range 0.203-0.309) pug/100 g). The mean (SD) concentration
determined for 25(OH)D3 in SRM 1546a was 0.116 (0.007) ng/100 g (NIST certified value = 0.090

(range 0.078-0.102) ug/100 g).

3.2 Analytical results

Vitamin D3 was found in coffee beverages, vitamin D-fortified breakfast cereals, eggs and egg
products, fortified fats, and some unfortified fats, fish, meats, milk products and alternatives, mixed
savoury dishes and sweet snack foods (Table 3). We found 25(OH)D3 in eggs, all meats except
kangaroo, and some egg products, unfortified fats, fish, milk products and alternatives, mixed
savoury dishes and sweet snack foods. Vitamin D> was detected in vitamin D-fortified breakfast
cereals, a variety of meats and some snack foods (sweet and savoury), fats and oils, fish and milk
products and alternatives. Although only lamb liver contained a concentration that could be
quantitated, trace amounts of 25(OH)D; were detected in some animal products, mixed savoury

dishes and sweet snack foods.

10



251  The greatest concentrations, reported as mean (SD), of vitamin D3 were found in canned salmon
252 (19.25 (4.81) ng/100 g), fortified malted chocolate drink powder (17.85 (1.91) png/100 g) and

253  fortified breakfast cereals (11.90 ug/100 g). In contrast to canned salmon, fresh Atlantic salmon
254  contained 4.99 (0.31) ug/100 g vitamin D3, while the concentration of this D vitamer in white fish
255  wvarieties ranged up to 3.94 ng/100 g. Standard/cage (0.82 (0.28) ng/100 g) and free range/organic
256  (0.78 ng/100 g) chicken eggs and chicken leg meat (0.33 (0.04) ng/100 g) contained the highest
257  concentrations of 25(OH)Ds. Vitamin D, was quantitated in a range of both fortified (including
258  margarine, dairy substitutes and dairy products) and unfortified foods (including dark and milk
259  chocolate and various meat products). We were able to quantitate 25(OH)D> in lamb liver (0.13
260  pg/100 g).

261

262 4. Discussion

263  We have developed Australia’s first comprehensive analytical vitamin D food composition

264  database, the complete version of which will be made freely available for future releases of the
265  AFCD. Method validation results are presented for the new LC-QQQ method used, demonstrating
266 that it provides a mean value within the NIST reference range for vitamin D3 in SRM 1546a. The
267  LC-QQQ mean value for 25(OH)Ds3; was 0.01 pg/100 g outside the NIST reference range for

268  25(0OH)Ds; however, due to the challenges of vitamin D measurement in food, such differences may
269  be expected. Fortified foods and oily fish were found to be good sources of vitamin D. Similar to
270  the findings from our pilot study (Dunlop et al., 2017), white fish — not typically promoted as a
271  source of vitamin D — was also a source of vitamin D.

272

273  Itis generally thought that the bioactivity of 25(OH)D3 may be greater than that of vitamin Ds;
274  however, a lack of evidence for, and consensus on, a defined bioactivity factor has meant that
275  handling of 25(OH)D3 values varies between food composition databases. To allow for the

276  uncertainty surrounding the 25(OH)Ds bioactivity factor (Jakobsen et al., 2019; Ovesen et al.,
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2003), the AFCD presents values for individual D vitamers unadjusted for bioactivity as well as a
‘vitamin D3 equivalents’ value that incorporates a bioactivity factor of five for 25(OH)D; (FSANZ,

2019).

It is important to measure the hydroxylated vitamers of vitamin D (25(OH)D3 and 25(OH)D») since,
although the measured concentrations may be low, cumulatively across the diet - even without a
bioactivity factor applied - their contribution to dietary requirements may be considerable. In our
study, this was particularly evident in chicken eggs, where 25(OH)D3 (unadjusted for bioactivity)
concentrations were more than half the concentrations of vitamin Ds. If the bioactivity of 25(OH)Ds
is greater than vitamin D3 (Cashman et al., 2012; Jakobsen et al., 2019; Ovesen et al., 2003), the
contribution of 25(OH)Ds3 in eggs may outweigh that of vitamin D3. Based on our analytical results,
in Australia, a standard 120 g serve of eggs (National Health and Medical Research Council, 2015),
would contain approximately 1 pg of 25(OH)Ds per serve, before adjustment for bioactivity.
Independently of vitamin D3 content, the unadjusted 25(OH)Ds content alone translates to one fifth
of the Australian Adequate Intake (AI) (5 pg/day), one tenth of the Institute of Medicine’s (IOM)
Estimated Average Requirement (EAR) (10 pg/day), and one fifteenth of the IOM’s Recommended
Dietary Allowance (RDA) (15 pg/day). In various other beef, chicken and lamb products,
unadjusted 25(OH)Ds concentrations were either equal to or greater than vitamin Ds. As such,
omission of 25(OH)D3 may cause considerable underestimation of the vitamin D contributions of
these foods, and also of vitamin D intakes, which may be further augmented if a bioactivity factor

greater than one is determined for 25(OH)D in the future.

We detected 25(OH)Ds in all monogastric and ruminant animal meats; however, 25(OH)Ds was not
detected in the marsupial kangaroo meat. Conversely, 25(OH)D; was detected in kangaroo, but not
in any monogastric meat samples, and only in some ruminant animal meats. Our subsequent

analyses (unpublished data) of four individual samples of kangaroo (one of each cut: fillet, rump,

12
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mince, tail) suggest that this is not a random sampling event. To our knowledge, it is not yet known
why the D vitamer profile of kangaroo meat differs to other animal types, particularly to those that
are also herbivores. Kangaroo meat has a lower fat content than most monogastric and ruminant
meats; however, muscle has been demonstrated to act as a storage site for 25(OH)D (Abboud et al.,
2013), and may have greater uptake potential of 25(OH)D than fat cells (Abboud et al., 2014).
Serum 25(OH)D concentrations in healthy, free-ranging koalas with no evidence of metabolic bone
disease have previously been reported as being much lower than non-marsupials, prompting
speculation that the koala’s vitamin D requirements may be relatively low (Pye, Ellis, FitzGibbon,
Opitz, Keener, & Hollis, 2013). Similarly, low serum 25(OH)D concentrations have been recorded
in other marsupials, specifically wombats and brushtail possums (Fowler & Fraser, 1993). We hope
to explore the D vitamer profile of other marsupial meats in another project (National Health and
Medical Research Council GNT1184788) that aims to investigate the vitamin D content of foods
that are hunted and foraged in Australia. This may provide further indication as to whether the D
vitamer profile observed in kangaroo meat is specific only to macropods or to marsupials in

general.

Although the human body appears to favour vitamin D3 over vitamin D», the latter is still of use in
improving circulating 25(OH)D concentrations in humans (Tripkovic et al., 2012), and should be
included in food composition analyses in order to accurately reflect vitamin D content. Since
vitamin D, is synthesised from ergosterol in fungi and yeast, but not in animals, the D, vitamers are
rarely measured in animal products. Vitamin D> and 25(OH)D», however, have previously been
found in cow’s milk (Jakobsen & Saxholt, 2009), and concentrations of vitamin D, are listed for
milk and milk products in some food composition databases (e.g. India has two entries for cheese
(Longvah & Ananthan, 2017), and Denmark has one entry each for butter and whole milk (National
Food Institute, 2019)); however, when surveying other food composition databases, we found no

quantitated values for vitamin D> in meat products. Barnkob et al. (Barnkob, Petersen, Nielsen, &

13
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Jakobsen, 2018) conducted an ultraviolet-B (UVB) exposure study in slaughter pigs raised indoors.
They found vitamin D> in the rind, subcutaenous fat, lean meat, liver and serum of the control
group, as well as 25(OH)D: in the rind and serum. Vitamin D, content increased in the groups
exposed to UVB light. The detection of vitamin D, and 25(OH)D; in animal products has been
attributed to the ingestion of vitamin D> in feed, particularly from grasses contaminated with fungi
(Japelt, Didion, Smedsgaard, & Jakobsen, 2011). Indeed, in the study by Barnkob et al. (Barnkob et

al., 2018), straw and feed were exposed along with the pigs in UVB-irradiated pens.

We found notable amounts of vitamin D, which in several cases were naturally-occurring, in
various foods, including meat products. Of unfortified foods analysed, the greatest vitamin D>
concentrations were found in chocolate. Vitamin D> is thought to be present in chocolate due to
fungal contamination of cocoa beans (Kiihn, Schréter, Hartmann, & Stangl, 2018). This may
explain in part, and likely in conjunction with milk solids, the presence of vitamin D; in cocoa-
containing foods such as chocolate-coated ice-cream products, and malted chocolate drink powder.
Indeed, the vitamin D content of analysed chocolate-coated premium stick-type ice-cream products
was solely contributed by vitamin D, highlighting the need to measure this vitamer in a wide range
of foods. We also found reasonable amounts of vitamin D, in several meat products, further

reinforcing the importance of measuring all four D vitamers in foods.

While 25(OH)D:> contributed 20% of the total vitamin D content of lamb livers analysed in our
study, the majority of detected amounts of 25(OH)D: in other foods were too small to quantitate.
When estimating intakes, it is usual practice to allocate a value of LOQ/2 for metabolites detected at
concentrations below the LOQ (FAO and INFOODS, 2013) in order to find a middle ground
between concentrations that may be closer to either zero or the LOQ. Hence, foods with very low,
but detectable, D vitamer concentrations may contribute small, but cumulatively important amounts

to overall vitamin D intake estimations.
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The major strength of this project was the use of novel, sensitive and specific analytical
methodology that allows detection of all four D vitamers at low concentrations. We did not limit the
analysis of D vitamers based on preconceptions of the D vitamers that may be found in foods of
plant or animal origin, but instead analysed all four D vitamers in every food sampled. Additionally,
we developed an extensive sampling plan covering three major cities on both the east and west
coasts of Australia, representing where the majority of Australians purchase food. Resource
constraints prevented the sampling and analysis of all available food products and of analysis at the
primary sample level. Despite careful attention to sampling, averaged, estimated and imputed
values taken from these analytical data will not necessarily reflect the nutrient content of a specific
food item that is consumed. These are inherent limitations in the production and use of food

composition data in general.

5. Conclusions

We have developed Australia’s first comprehensive analytical vitamin D food composition database
using extensive sampling and novel, sensitive and specific analytical methodology. Vitamin D3,
25(OH)D3, vitamin D> and 25(OH)D> were all detected and/or quantitated in a wide range of foods.
All four vitamers are rarely included in food composition databases. These new vitamin D food
composition data represent the first step in a major advancement of the understanding of dietary
vitamin D in the Australian population and highlight the importance of measurement of all four

vitamers in order to accurately represent the vitamin D content of food.

Abbreviations:

25(OH)D 25-hydroxyvitamin D

AFCD Australian Food Composition Database — Release 1
AHS Australian Health Survey 2011-2013
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