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Abstract 

Vitamin D3, vitamin D2, 25-hydroxyvitamin D3 and 25-hydroxyvitamin D2 constitute the 

vitamin D activity in foods. In general, vitamin D activity in foods depends on the content of fat, 

the feed the animals have been fed and the exposure of UVB. There are many gaps in our 

knowledge of 25-hydroxyvitamin D in foods, the content and the amount in the dietary intake. 

We aimed to assess the content of the vitamin D vitamers in foods (eggs, milk, dairy products, 

chicken, veal, beef, and pork) on the Danish market using accredited analytical methods. We 

then combined these data with existing Danish data as well as with the information from the 

Danish Dietary Survey to estimate the dietary intake of vitamin D3 and of 25-hydroxyvitamin 

among Danes. We report the  level of vitamin D in 10% minced pork from free-range pigs 

slaughtered in summer to 1.39 µg vitamin D3/100 g and 0.40 µg 25-hydroxyvitamin D3/100 g, 

which are significantly higher (p<0.001), than in early spring. Contents of vitamin D2 and 25-

hydroxyvitamin D2 are primarily <0.05 µg/100 g, though in beef up to 0.14 µg/100 g. 25-

hydroxyvitamin D3 accounts for up to 100% in veal to 8% in fat from from free-range pigs. In 

the Danish diet, the share of 25-hydroxyvitamin D3 is 24% for  children (4-17 years) and 18% 

for adults (18-75years).  Changes in feeding strategy in the primary sector could change the share 

of 25-hydroxyvitamin D3 to 11 and 12% if extra vitamin D3 is in the feed, and sun or UVB-

exposure are used, while replacing vitamin D3 by 25-hydroxyvitamin D3 in the feed may result 

in a share of 25-hydroxyvitamin D3 of 52% and 40%, respectively, in children and adults. These 

estimates are based on the assumption that vitamin D3 and 25-hydroxyvitamin D3 contribute 

equally to the vitamin D activity.  

 

Key words: food databank,  25-OHD, free-range pigs, dietary intake  
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Introduction 

Vitamin D3 (vitD3), vitamin D2 (vitD2), 25-hydroxyvitamin D3 (25-OHD3) and 25-

hydroxyvitamin D2 (25-OHD2) constitute the vitamin D activity in foods. Until the structure of 

the vitamin D metabolites 25-OHD3  and 25-OHD2 was settled by the use of mass spectrometry 

and nuclear magnetic resonance spectrometry (1,2), the vitamin D activity in foods was regarded 

to be the sum of the content of vitD3 and vitD2.  

The deficiency disease for vitamin D, rickets, was utilized as the analytical tool to investigate 

vitamin D activity in foods. After a period on a vitamin D-deficient diet in which the rats did 

develop rickets, they were administered vitamin D in the diet for a number of days to gain the 

reappearance of calcification (3). Thus, in standard methods, all vitamin D active compounds did 

contribute to the vitamin D activity expressed as vitD3 (4,5). The first chemical method for 

quantification of vitamin D included the steps of alkaline saponification, extraction, and 

separation of vitamin A and vitamin D, but did not discriminate between vitD3 and vitD2 (6). 

The limit of quantification was not applicable for foods with natural content. Since then, the 

chemical analytical procedure for quantification of vitD3 and vitD2 (vitD) in foods has been 

continuously improved and extended to include 25-OHD. For vitD, a standardized method is 

available, but no standardized method is available for 25-OHD in foods (7). Analytical methods 

for quantification of vitD and 25-OHD have been published, in which the steps in the analytical 

procedure today are similar as in the1960s. They consist of saponification, liquid-liquid 

extraction, and an extra clean-up step that is necessary for the analysis of vitamin D vitamers in 

foods (8–10). However,  improvement in equipment for clean-up and specificity of detectors and 

reduction of sample amount  200 g to 0.1-1 g, resulted in the development of effective analytical 

procedures.  

This article is protected by copyright. All rights reserved.



What is the natural content of vitamin D in our foods? Content of vitamin D in meat, eggs, and 

milk depends on access to the sun, i.e. UVB, and content of vitamin D in the feed for pigs, hens, 

and cows (11–15). For fish, the content in the feed is a determinant in, e.g. farmed salmon (16). 

In wild fish the content of 25-OHD3 is insignificant, but in farmed salmon there is approx. 10% 

of vitamin D (16). Similarly, the content of 25-OHD3 in other foods is reported to be low, but 

use of 25-OHD3 as a vitamin D source for pigs and chicken results in higher content of 25-

OHD3 in pork and eggs (11,17–19).  

Only a limited amount of data for 25-OHD3 and 25-OHD2 are established using a sampling 

strategy and analytical method to be incorporated in food databanks (20). The lack of these data 

makes it impossible to make a proper estimation of to what degree 25-OHD3 is present in food 

compared to vitD3. Furthermore, this raises another question namely, what is the contribution 

from 25-OHD3 compared with vitD3 for the total dietary intake?  

Recommendation for dietary intake of vitamin D is given as vitD3 (21), and contribution from 

25-OHD3 is discussed without mentioning the conversion factor to vitD3 to be used (22). The 

primary role of vitamin D is in the regulation of calcium and phosphorus homoeostasis, which 

contribute to healthy bones. Test of pure vitD3 and pure 25-OHD3 in the biological method i.e. 

the ability of vitamin D deficient rats to eradicate rickets, showed that 25-OHD3 was a factor of 

1.4-1.7 more active than vitD3 (1,23), and pure 25-OHD2 a factor of 1.5 more active than pure 

vitD2 (24). The biological method and the specific, chemical method was not in use at the same 

time, thus comparison of the two methodology have not be possible (23). Pigs may be used as a 

model for humans (25). Pigs fed either vitD3 or 25-OHD3 from birth until slaughtered at the age 

of 6 months, showed no difference in either BMD in the forefoot of the pigs or in the vitamin D 

status (17,26). In human, it is ethically not possible to perform such studies, thus other endpoints 
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and in-vitro models have been used. A recent review aimed to evaluate the studies investigating 

dietary intake of vitamin D from foods, and concluded that vitD3 and 25-OHD3 in foods should 

be  regarded as equal in the estimation of vitamin D activity in foods (7).  

The aim was firstly to establish and extend the information for the content of vitamin D 

metabolites in food (eggs, milk, dairy products, chicken, veal, beef, and pork) on the Danish 

market, and investigate relevant association to the content of fat and feeding system. Secondly, 

to combine the new and existing data with the information of the diet among Danes to calculate 

the dietary intake of the individual vitamin D metabolites and total vitamin D in the Danish 

population. Thirdly, to estimate the distribution of vitD3 and 25-OHD3 in the dietary intake, if 

the results from feeding studies on vitamin D are implemented in the primary food sector in the 

future. 

Material and methods 

Study design 

Essentially our study is divided into two parts. Part one was designed as five subprojects to 

establish new data for the content of vitamin D metabolites in foods on the Danish market and to 

close some gaps in our knowledge of vitamin D in our foods. Part two aimed to estimate dietary 

intake of vitD3, 25-OHD3, and vitamin D activity by combining our information of vitamin D 

vitamers in our food with the data from the Danish Dietary Survey (27). The estimates of the 

dietary intake of vitamin D activity were performed for three different scenarios of the content of 

vitamin D vitamers in foods on the Danish market. Scenario 1, utilize the information available 

for vitD3 and 25-OHD3 in the Danish foods today (28) updated with the results from the present 

study. Scenario 2 utilizes  the data in Scenario 1 updated with available data for vitD3 and 

25OHD3 in our foods from studies which investigated the effect of feeding extra vitD3 or used 
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UVB-exposure. Scenario 3 utilizes the data in Scenario 1 updated with available data for vitD3 

and 25OHD3 in our foods from studies which investigated the effect 25-OHD3-enriched feed. 

Sampling plan 

The project was divided into five subprojects investigating 1) eggs, 2) milk and dairy products, 

3) chicken, 4) veal and beef, and 5) pork.  Detailed sampling plans were designed following 

market analyses of the food products available on the Danish market for eggs, milk and dairy 

products, as well as veal and beef. The study into chicken also aimed to close the gaps in our 

knowledge of vitamin D in the different cuts and skin, whereas the study in pork from free-range 

pigs was conducted to investigate the “natural content” of vitamin D for slaughter pigs. In all 

subprojects, the information of the origin of the individual samples is noted, and homogenisation 

of each sample performed to ensure no loss of vitamin D, i.e. protection from UVB, and stored at 

max -20°C until analyses within 6 months. A detailed description of the sampling and handling 

of samples in each of the subprojects is given in Appendix 1, while Table 1 shows an overview 

of the samples included and the hypotheses tested. 

Materials 

Eggs: In total, 42 samples of eggs and eggs products were sampled. 34 fresh, whole eggs from 

hens in cages (n=14), free-range (n=12), free-range indoor (n=4) and organically farmed (n=4), 

and 8 composite samples of processed products, i.e. whole eggs (pasteurized, scrambled, boiled) 

and pasteurized egg yolk. The amount of each sample was 6-15 whole eggs, and each composite 

sample consisted of 2-7 samples. The samples were collected in the period January 2011-January 

2012, and analysed for vitD3 and 25-OHD3. 

Milk and dairy products: The analysed sample types were: milk (0.5% fat, 1.5% fat and 3.5% 

fat), cream (38% fat), yoghurt (3.5% fat), spreadable butter (75% fat) and two types of cheese: 
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hard cheese, (Danbo, 26% fat) and soft cheese (brie, 30% fat), and milk (3.5% fat) obtained from 

organic farms. 270 samples were collected in a period of 12 months (August 2013-July 2014), 

which were divided into 36 composite samples each consisting of 6 units. These 6 units were 

collected within a period of 3 months at different locations in Denmark during August-October, 

November-January, February-April, and May-July. The composite samples were analysed for 

vitD3, 25-OHD3, vitD2, and 25-OHD2. Contents of fat were taken from declaration. 

Chicken: In total 12 chickens were included. Four different types of chicken, each sampled from 

three different batches in October-November 2015. Three types of chicken were produced in 

Denmark of which one was organically produced and two conventional produced,  and one type 

of chicken was produced in France. Each chicken was carefully separated into breast excl. skin, 

thigh meat, thigh skin, and thigh bone, and each cut weighed. In June 2018, six samples of 

Danish-produced minced chicken (7%-10% fat) were collected and made into one composite 

sample. All samples were analysed for vitD3, 25-OHD3, vitD2, 25-OHD2, and fat.  

Veal and beef: The sample types included were four cuts of veal: brisket (point end/boneless), 

topside (trimmed), heart of rump, shortloin,  seven cuts of beef: brisket point end, brisket 

boneless, ribeye/entrecote, topside (trimmed), knuckle, heart of rump, shortloin. Additional 

sample types were minced beef and calf liver. Six samples of each sample type were collected in 

June-July 2018. The six individual calf livers were made into one composite sample. All samples 

were analysed for vitD3, 25-OHD3, vitD2, 25-OHD2, and fat.  

Pork: In total, 40 samples of shoulder with skin from free-range pigs were collected in August 

2019 (n=20) and in March 2020 (n=20). From each shoulder, a steak was divided into lean meat, 

subcutaneous fat, and skin. All samples were analysed for vitD3, 25-OHD3, vitD2, 25-OHD2, 

and fat. 

This article is protected by copyright. All rights reserved.



Quantification of vitamin D 

The methods used have been described in detail elsewhere (8,29). For the quantification of the 

vitD3 and 25-OHD3 in eggs, approximately 20 grams was taken for analyses. In short, the 

internal standards, vitamin D2 and 25-hydroxyvitamin D2, were added, and sample treated with 

alkaline-ethanol solution to saponify fat, followed by extraction of the unsaponifiable remnant 

using liquid-liquid extraction (petroleum ether and diethylether). Further purification on a solid-

phase extraction (SPE) cartridge (Silica, Isolute, IST, Hengoed, UK), followed by preparative 

normal-phase, high-performance liquid chromatography (HPLC) was performed. Finally, the 

extract was injected to reversed-phase HPLC, where vitamers were separated and detected by 

diode-array detector and quantified at 265 nm (2996 PDA, Waters, Milford, MA). For the 

quantification of the vitD3, 25-OHD3, vitD2 and 25-OHD2 in all other foods, approximately 1 

gram of sample was taken for analyses. In short, the labelled internal standards of vitD3, 25-

OHD3, and vitD2, were added, and sample was treated with alkaline-ethanol solution to saponify 

fat, followed by extraction of the unsaponifiable remnant using liquid-liquid extraction (n-

heptane/ethylacetate). The unsaponifiable remnant was purified on a SPE-cartridge 

(HybridSPE®, Supelco, Bellefonte, PA), and then derivatized with 4-phenyl-1,2,4-triazoline-3,5-

dione (PTAD). Finally injected to, and separated by reversed-phase HPLC coupled to 

electrospray ionization-triple quadrupole mass spectrometer (MS/MS) (Agilent 6470, Agilent 

Technologies, Santa Clara, CA)  Single analysis was performed with the precision of the 

methods <10% for each of the vitamers. Limit of quantification (LOQ) depends on the sample 

matrix and the detection principle. In eggs quantified by UV-detection LOQ was 0.1 µg/100 g 

for vitD3 and 25-OHD3, whereas in milk and dairy products quantified by MS/MS the LOQ for 

vitD3 and 25-OHD3 was 0.003 µg/100 g, while for vitD2 and 25OHD2 at 0.01 µg/100 g. In 
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meat i.e. chicken, veal, beef, and pork the LOQ was in the range 0.01- 0.03 µg/100 g for each of 

the  vitamin D vitamer. All analyses for vitamin D vitamers were performed accredited 

according to ISO17025:2005 (eggs, milk, dairy products, chicken) or ISO17025:2017 (veal, beef 

and pork) in our laboratory at the Technical University of Denmark. Part of the accreditation is 

to document the trueness of the method, which included satisfactory results in proficiency 

testing, in the analyses of certified reference materials and house-reference materials of eggs, 

whole milk, cheese, and pork. 

Quantification of fat 

For eggs, milk, dairy products, chicken, veal and beef the method by Schmid-Bondzynski- 

Ratslaff (SBR) was used (30). In short, 5-10 g of homogenised sample was treated with 

hydrochloric acid, and extraction of fat performed by ethanol, diethyl ether and petroleum ether. 

The organic phase including the fat, was evaporated, and the amount of fat weighed. For pork the 

principle of Bligh and Dyer was applied (31). In short, 5-10 g of homogenised sample was 

treated with a mixture of chloroform and methanol. The chloroform layer containing the fat, is 

evaporated and the remaining fat weighed. Single analyses were performed, and both methods 

show a precision <5%. 

Calculation of dietary intake of vitamin D 

The data on food consumption were collected in the Danish National Survey of Diet and 

Physical Activity (DANSDA) in 2011–2013 (27). The dataset covers consumption of food and 

beverages recorded for 7 consecutive days collected from a representative group of 3946 Danes 

aged 4 to 75 years. The individuals were drawn as a simple random sample from the civil 

population registration system. DANSDA used a 7-day pre-coded (semi-closed) food diary with 

answering categories for the most commonly consumed foods and dishes in the Danish diet. The 
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questionnaire was organized in accordance with the typical daily meal pattern. For food items 

not found in the pre-coded categories, it was possible to note the type and amount eaten. The 

amounts of food consumed were based on photos of various portion sizes. The information 

collected represents the current dietary consumption in the population. The Danish National 

Centre for Social Research carried out the interviews and the instruction of participants in the 

registration of the dietary consumption.  

Dietary records were processed in-house by scanning with ReadSoft Forms and followed by 

storing and post-scan processing in an in-house relational database management system. The 

consumption data were then processed by the in-house-developed GIES (General Intake 

Estimation System) that interprets the recorded consumption via recipes into the ingredients that 

form the basis for the calculations and estimations of the intake of nutrients (32). The ingredients 

in recipes were aligned to market share through data over purchased foods obtained from a 

Danish consumer panels (https://www.gfk.com/insights).  

The vitamin D intake is calculated for each individual in the survey based on ingredient 

interpretation of the registered intake. The calculations use up to 436 different ingredients of 

which 137 contribute with vitamin D. 

Content of vitamin D in foods at the Danish market were estimated as  

Scenario 1: The information available for vitD3 and 25-OHD3 in the Danish foods today (28) 

updated by data published in this paper, and for farmed trout and salmon (33,34), and for pork 

liver (11).  

Scenario 2: Data from Scenario 1 updated with available data for vitD3 and 25-OHD3 in our 

foods from studies which investigated the effect of feeding extra vitD3 or use of UVB-exposure. 

The update include milk, dairy products, broiler, and pork products (11,12,15,35) 
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Scenario 3: Data in Scenario 1 updated with data for vitD3 and 25-OHD3 in our foods from 

studies which investigated the effect of feeding 25-OHD3 for pigs and egg-laying hens 

(12,17,18). 

Statistics  

In each of the five subprojects, descriptive statistics were calculated, and the results presented as 

mean and standard deviation (SD). For samples that had content <LOQ, the content was 

estimated as 50% of the LOQ, but the mean was not calculated if more than 25% of the 

individual results were <LOO. For eggs, one-factor ANOVA was used to test for differences 

between the four types of egg-laying hens. For milk and dairy products, the relationship between 

vitamin D vitamers and content of fat was tested by regression. For chicken, two-factor ANOVA 

followed by Tukey’s HSD test was used to categorize significant differences between the four 

types of chicken, and regression to test for a relationship between the content of fat and vitamin 

D vitamers. For veal and beef, the relationship between the content of fat and vitamin D vitamers 

was tested by regression, while one-factor ANOVA was used to test for differences between the 

content of vitamin D vitamer in the cuts of veal and the cuts of beef. For samples from free-range 

pigs, one-factor ANOVA was used to test for differences between samples of shoulder collected 

in August and March. All statistical analyses were carried out using Excel 2016, Microsoft, 

USA. 

Results 

Content of vitamin D vitamers in foods 

Eggs: The average content of vitD3 and 25-OHD3 in the fresh, whole eggs are given in Table 2. 

No significance difference was found between the four types of eggs for either vitD3 (p=0.538) 

or 25-OHD3 (p=0.121), though there is a trend towards a higher content of 25-OHD3 in eggs 
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from free-range hens. The content of the vitD3 and 25-OHD3 in eight composite samples of egg 

products and egg whites are given in Appendix 2. The content of vitD2 and 25-OHD2 in whole 

egg was estimated to <0.003 µg/100 g by use of MS/MS-method.  

Milk and dairy products: The content of vitamin D vitamers are shown in Table 3. For milk 

(1.5% fat, 3.5% fat, 3.5% organic), yoghurt, cream, and spreadable butter there is a significant 

positive relationship between the content of fat and the content of vitD3 (p<0.001; Pearson’s 

r=0.98), and similar for the content of fat and the content of 25-OHD3 (p<0.001; Pearson’s 

r=0.98). The content of vitD3 and 25-OHD3 may be estimated from the equations 0.0031 • %fat, 

and 0.0012 • %fat, respectively. The content in cheese, hard and soft, do not follow similar linear 

regression. 

Chicken: The weight of each chicken is listed in Appendix 3. Significant differences between 

breast and thigh for the each of the components fat, vitD3, and 25-OHD3 were identified 

(p<0.001), see Appendix 4. For the type of chickens the content of fat in thigh meat was 

significantly lower in the French-chicken (4.4% fat) than in two types of Danish-chicken (6.4 % 

fat), while the last type of Danish-chicken was not significantly different from any of the others 

(5.8% fat). The content of vitD3 in thigh meat was significantly higher in the French-chickens 

(4.5 µg/100 g) than in the Danish-chickens (1.1-1.5 µg/100g). Furthermore, a relationship 

between content of fat and content of vitD3 in the Danish-chickens (p=0.003; Pearson’s r=0.66), 

as well as in the French-chickens (p=0.016; Pearson’s r=0.89) was observed.  For the content of 

25-OHD3, no significant difference was found between the four types of chicken (p=0.569). The 

average content of fat, vitD3, and 25-OHD3 are presented for breast, thigh meat, thigh skin, and 

thigh with skin in Table 4.  
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Veal and beef: The content of fat, vitD3, 25-OHD3, vitD2 and 25-OHD2 in the four cuts of veal, 

the seven cuts of beef, as well as in calf liver and minced beef are shown in Table 5. The 

individual results for the 24 samples of veal, and the 48 samples of beef is presented in relation 

to the content of fat in Supplemental Figure 1. No significant relationship was found between 

percentage of fat and 25-OHD3 in either veal (p=0.674) or beef (p=0.319), or between 

percentage of fat and vitD3 in beef (p=0.319). The average content in all cuts of veal were 4.8% 

fat, 0.014 µg vitD3/100 g, and 0.15 µg 25-OHD3/100 g, and the average content in all cuts of 

beef were 9.6% fat, 0.091 µg vitD3/100 g and 0.14 µg 25-OHD3/100 g. For vitD3, the average 

content in all cuts of veal was significantly different from average of all cuts of beef (p=0.021), 

but no significant difference was found in the content of 25-OHD3 between veal and beef 

(p=0.765).  

Pork: The content of vitamin D metabolites and fat in lean meat, subcutaneous fat and skin from 

shoulders of free-range pigs collected in summer (August 2019) and in early spring (March 

2020) are shown in Table 6. The separation into lean meat and subcutaneous fat resulted in no 

difference between the content of fat in lean meat sampled in summer or early spring (p=0.897), 

but a significantly higher content of fat in the subcutaneous fat in early spring than in summer 

was observed (p<0.001). The content of vitD3 and 25-OHD3 in lean meat, subcutaneous fat and 

skin were all significantly higher in summer than in early spring (p<0.001). Based on the content 

of fat in lean meat and subcutaneous fat, minced pork with 10% fat may consist of 92% lean 

meat and 8% subcutaneous fat, and is estimated to contain 1.39 µg vitD3/100 g and 0.40 µg 25-

OHD3/100 g in summer, and 0.16 µg vitD3/100 g and 0.12 µg 25-OHD3/100 in early spring. 

For all of types of foods the share of 25-OHD3 of the sum of vitD3 and 25-OHD3 for the mean 

content in of the samples analysed are shown in Figure 1. The sample types covered: whole eggs, 
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cream, chicken breast, veal, beef, pork from free-range pigs (lean meat from early spring, lean 

meat from summer,  fat from early spring, and fat from summer.   

Legends to Figure 1. Distribution of content of vitamin D3 (vitD3) (blue) and 25-hydroxyvitamin D3 (25-

OHD3) (orange) in a) eggs, b) cream, c) chicken breast, d) veal, e) beef, f-i) free-range pork i.e. f) lean 

meat from early spring,  g) lean meat from summer, h) fat from early spring, and i) fat from summer. The 

number (n) of food samples from which the average is calculated. 

Dietary intake of vitamin D vitamers 

The 137 ingredients, which contribute to dietary intake of vitD3 and 25-OHD3, and the 

estimated content for Scenario 1-3 is listed in Supplemental Table 1.   

Estimation of the dietary intake of vitD3 and 25-OHD3, and estimation of vitamin D activity 

within each Scenario 1-3 for Danish children (4-17 years) and Danish adults (18-75 years) are 

listed in Table 7. The estimation of the distribution of vitD3 and 25-OHD3 among dietary intake 

within the same groups and within each of the three scenarios are shown in Figure 2.  

Legends to Figure 2. Distribution of dietary intake per day of vitamin D3 (vitD3) (blue) and 25-

hydroxyvitamin D3 (25-OHD3) (orange) among Danish children, age 4-17 years old (a, c, e) and among 

adults, age 15-75 years old (b, d, f). Estimates for Scenario 1 i.e. based on levels in foods today (a and b). 

Estimates for Scenario 2 i.e. levels in foods taking into account research results for feeding vitamin D3 

and sun-exposure (c and d). Estimates for Scenario 3 i.e. levels in foods taking into account research 

results for feeding 25-hydroxyvitamin D3 (e and f).  

Discussion  

Content of vitamin D metabolites in foods 

Part one of this study aimed to establish new data for the content of vitamin D vitamers in foods 

marketed in Denmark in order to update the Danish Food Databank (28). Thus it is not possible 

to provide information of the content of vitamin D source the animals have been fed. However, 
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the majority of the samples are produced in Denmark, and farmers in Denmark are not advised to 

use 25-OHD3 as vitamin D source (www.lf.dk).   

All eggs from the four types of hens (cage, free-range, indoor-free-range and organically farmed) 

were collected over a period of 12 months, and no differences were identified, showing a mean 

of 1.34 µg vit D3/100 g and 0.43 µg 25-OHD3/100 g. In eggs on the market in the UK, a 

significantly higher content of vitD3 have been found in free-range and organically farmed 

compared to eggs from cage hens (1.88 µg vitD3/100 g vs. 1.32 µg vit D3/100 g), and content 

for 25-OHD3 significantly higher in organically farmed than in cage and free-range (0.53 µg/100 

g vs. 0.45 µg/100 g) (36). A research study showed an increase in vitD3 for eggs from free-range 

hens given accessibility to the sun (37). In a review, data produced for food composition tables 

by an LC-MS/MS method showed a content per 100 g ranging from 0.92-2.5 µg vitD3 and 0.13-

1.0 µg 25-OHD3 (12). Thus our results are within this interval. We know that the content of 

vitD3 and 25-OHD3 in eggs depends on feeding and exposure to UVB (12). Through feeding, 

there is a linear relationship between vitD3 in eggs and vitD3 in feed, while the content of 25-

OHD3 seems to be an exponential regression (12). In the EU, 80 µg/kg feed is allowed either as 

25-OHD3 or vitD3, this is the level used in e.g. Denmark. If 25-OHD3 is added to feed, the egg 

will contain less vitD3, which is the reason for Scenario 3 for dietary intake of vitamin D among 

Danes (12).  

In milk and dairy products, the relationship between fat and content of vitD3 or content of 25-

OHD3 in milk, yoghurt, cream, and spreadable butter, are in agreement with our former results 

for milk, cream, and butter (35). The level in the hard cheese analysed is similar to the level 

reported in another variety of hard cheese, Edam, 25 years ago (10). In cheeses, the soft cheese 

sampled in November-April contained 0.082-0.091 µg vitD3/100 g, and 0.17-0.22 µg 
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vitD3/100g for samples from May-October, while hard cheese showed a content of 0.05-0.06 µg 

vitD3/100 g. It should be noted that vitamin D in butter and milk depends on the season (38,39), 

and that vitamin D content depends on the content in feed and exposure to UVB (13,35). Thus it 

could be assumed that the reason for the higher level in soft cheese is that it is produced in 

France. The content of vitD2 and 25-OHD2 in cream and spreadable butter is at similar levels 

(<0.05 µg/100 g) as formerly reported (10,35).  

In chicken meat, the hypothesis that the content of vitD3 and 25-OHD3 depends on the content 

of fat was proven. The level of vitD3 and 25-OHD3 found in breast and thigh is similar to that 

reported by others (10,40). But to our knowledge, we are the first to show the content in the 

different cuts and in the skin. Thigh with skin from Danish-chickens showed a content of 0.18 µg 

vitD3 per 100 g, while 28% less in the thigh without skin (Table 4). VitD3 content in the skin in 

chicken produced in France is even higher (0.45 µg/100 g to 1 µg/100 g), but this value is 

influenced by a considerable variation in vitD3 in skin. The difference between countries of 

production should be further investigated.  

The hypothesis that the content of vitD3 and the content of 25-OHD3 depend on fat in veal and 

beef was rejected. In a study separating a steak into lean meat and subcutaneous fat from the 

same animal, it was indicated that content of fat is determinant for the content of vitD3 within an 

animal (41). Our samples are primarily produced in Denmark, but samples from a minimum of 

10 other countries are included (Table 1). To our knowledge, for the first time we report that the 

content of 25-OHD3 is at the same level in veal and beef, but for vitD3, vitD2 and 25-OHD2 the 

content in beef is higher than in veal (Table 5). Minced beef made from different cuts, and 

marketed as 8%-12% fat, a content which was in accordance with the analyses 10.3 % ±1.0% fat.  

In general, the variation for fat is relatively high within a specific cut. This  high variation we 
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suppose is because the samples were collected in local shops, the cuts were individually made by 

different butchers, thus represent the meat that is sold to the consumer. The range in percent fat 

(3.1%-14.5%), vitD3 (0.029-0.173 µg vitD3/100 g), and 25-OHD3 (0.092-0.207 µg/100 g) are 

similar as reported from other countries i.e. in Norwegian beef (13.2% fat), which were sampled 

over a period of 25 months (42), striploin (3.37% fat) sampled in New Zealand during summer 

(43), and in striploin (12.1% fat) from beef raised in Ireland and slaughtered in July (35). The 

content of vitD2 and 25OHD2 is similar as reported in beef from Ireland by Cashman et al. (44). 

Cashman et al. (44) identified a seasonal variation, which could indicate a necessity to repeat 

sampling in winter to have a complete dataset for vitamin D in veal and beef on the Danish 

market. Furthermore, the high variation for vitD3 in minced beef (0.03-1.0 µg/100 g) (Table 5), 

should be included in such study. 

We report for the first time content of the four vitamin D vitamers in pork from free-range pigs. 

In Denmark (56° N), the mandatory access to pasture implies sun exposure, and production of 

vitD3 in the skin of the free-range pigs. Thus the acceptance of the hypotheses that content of 

vitD3 and 25-OHD3 is higher in pork from free-range pigs slaughtered in summer than in early 

spring is not surprising. In summer, the content in lean meat and subcutaneous fat of vitD3 at 

0.88 µg/100 g and 7.27 µg /100 g, respectively, was higher than reported in lean meat (0.72 

µg/100 g) and fat (1.3 µg/100 g) from slaughter-pigs sun-exposed for one hour a day in 2 x 10 

days (45). By UVB-exposure similar to 10 min at noon (1 SED at 56 °N), the content in lean 

meat was even lower (0.37 µg vitD3/100 g), but higher in subcutaneous fat (12 µg vitD3/100 g 

(8). Pigs fed at the maximum legal level in the EU, (50 µg vitD3/kg feed) resulted in 0.14 µg 

vitD3/100 g, and 0.03 µg 25-OHD3/100 g (18). These levels are similar to or lower than the 

content in the free-range pigs slaughtered in March (Table 6). We suggest that the level observed 
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in pork from free-range pigs slaughtered in August could be regarded as the natural level for 

pork, however, the variation should be investigated and the study repeated and extended to more 

sampling points.  

Dietary intake of vitamin D vitamers 

In all the food types analysed the content of vitD2 and 25-OHD2 are generally lower than LOQ 

in products from broilers (Table 2 and Table 4), in low fat dairy products (Table 3), and in veal 

(Table 5). In fatty products from dairy cows (Table 3), and free-range pork (Table 6), and all 

beef cuts vitD2 and 25-OHD2 were quantified, but at low level from 0.01 up to 0.14 µg/100 g. 

The origin of the vitamin D2 vitamers are supposed to be from grass infected by fungi (46). Due 

to the low level of vitD2 and 25-OHD2, the vitamin D activity (VitDtotal) is estimated as the sum 

of vitD3 and 25-OHD3. The distribution between vitD3 and 25-OHD3 depend on food types 

(Figure 1) e.g. from broiler the eggs contain mainly vitD3 (75%) while breast from chicken 

contain 78% 25-OHD3. Similar difference for cream (70% vitD3) and beef (64% 25-OHD3) 

from cattle, and for the young cattle an even higher share of 25-OHD3 (91% in veal). The 

content in free-range pork in summer of 92% vitD3, which decrease to 77% vitD3 in early 

spring, indicate that vitD3 is the preferred storage compound (Figure 1).  

Through the years a factor of five have been used to convert content of 25-OHD3 to content of 

vitD3 (10,47), and also at the moment used in Food Databanks in UK and Denmark. In reviews 

for vitamin D in foods (7,23,48,49) and for the appropriate choice of vitamin D source for 

supplement (21) there are no documentation identified that content of 25-OHD3 is five times 

more efficient than content of vitD3.  

In Scenario 1 (2020), the relative content of 25-OHD3 compared with vitDtotal is 24% for 

children and 18% for adults (Figure 2a-b). The recommended dietary intake of vitDtotal in 
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Denmark is 10 µg/day (22), and not surprisingly the actual dietary intake is lower, for children 

and adults 1.5 µg and 2.8 µg/day (Table 7). And even lower than the values of 2.8 µg/day and 

4.8 µg/day, estimated with the conversion factor five for 25-OHD3 (27).  

Biofortification i.e. changing the feeding strategy for vitamin D in the primary sector, is 

discussed as a possibility to increase vitDtotal in foods to increase the dietary intake (50). Scenario 

two and Scenario three are possible future scenarios, if the primary agricultural sector, changes 

feeding practice. We show that if vitD3 and sun are introduced more intensively in the 

production of egg and pork products, the relative contribution from 25-OHD3 will decrease 

(Figure 2c-d), and the dietary intake of vitDtotal may increase to 3.6 µg day for children and 5.7 

µg/day for adults (Table 7). The strategy to use 25-OHD3 in the feeding for egg-laying hens and 

pigs provide relatively higher contribution from 25-OHD3 (Figure 2e-f), but no change in 

vitDtotal (Table 7). Due to the considerable amount of 25-OHD3 naturally appearing in food, it 

would increase dietary intake of vitDtotal. Further research for the effect of naturally occurring 

25-OHD3 on bone health and impact on vitamin D depending metabolism e.g. immune response, 

as well as research into the natural content of vitDtotal, especially vitD3 if production animal have 

access to sun or UVB-exposure.  

A limitation in this study is that no information on feeding and breeding is available, however, 

this was not part of the planning, as the aim was to gain data for content of vitamin D vitamers in 

the foods, which are marketed in Denmark and bought in local shops. The budget for the 

products influenced the size of the subprojects e.g. only one type of hard cheese and one type of 

soft cheese were included, and composite samples analysed for egg products, milk and dairy 

products.  
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The strength of the study was that each subproject in part one, was designed in accordance with 

the description for establishing data for Food Databanks, a representative sampling of the foods 

marketed in Denmark, and that all analyses for vitamin D vitamers were performed in the same 

laboratory. Two different methods for quantification of vitamin D vitamers were used, but both 

methods were run accredited according to ISO17025, and accuracy ensured by analyses of 

reference materials.   

In summary, we aimed to establish new data for content of vitD3, 25-OHD3, vitD2 and 25-

OHD2 in various food products. One highlight is the difference between hard and soft cheese, 

which might be due to the different production countries, Denmark and France, as we also found 

a higher content of vitD3 in chicken produced in France. Furthermore, it should be mentioned 

that there is diversity among foods as to how 25-OHD3 is distributed as a main compound, e.g. 

in chicken and beef, while pork from sun-exposed pigs mainly contain vitD3. Determining the 

natural level for content of vitamin D activity a challenge. We suggest that the content of vitD3 

and 25-OHD3 in pork from free-range pigs sampled in summer could be used. We did not 

investigate the differences between breeds, which might be essential. However, the chosen breed 

by farmers will most likely not be assessed based on content of vitamin D. The new specific data 

for vitamin D vitamers in foods, made it possible to estimate the contribution of 25-OHD3 in the 

dietary intake of vitamin D among Danes, children and adults to 24% and 18%, respectively. 

These estimates are based on the assumption that vitD3 and 25-OHD3 contribute equally to 

vitamin D activity.   
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Table 1. Overview of the studies conducted to establish new value for the content of vitamin D vitamers in foods, and the hypotheses.  

Foods From Number of 
samples 

Period Origin1 Analysed 
samples 

Hypothesis: Content of vitamin D 

Eggs2 4 types of hens 34 Jan-Dec DK single -in eggs from free-range hens > cage hens   

Milk/dairy products conventional farmed cows 36 Jan-Dec DK/FR composite -is associated with content of fat  

Chicken2 4 types  36 Oct-Nov DK/FR single -is associated with content of fat  

Veal2 conventional farmed calf 24 Jun-Jul DK3 single -is associated with content of fat, and < in beef 

Beef conventional farmed beef 48 Jun/Jul 10 countries4 single -is associated with content of fat 

Pork free-range pigs 40 Aug-Mar DK Single -in samples collected in August is >  in March 
1DK – Denmark; FR - France 

2In addition also composite samples of 4 egg products (n=8), minced chicken (n=1), and calf liver (n=1) 

3 75% from DK, and 25% unknown origin 

4 42% from DK, 11% unknown origin, 47% from 10 different countries  

This article is protected by copyright. All rights reserved.



Table 2. Eggs – number of samples, and content (mean±SD) of vitamin D3 and 25-hydroxyvitamin D3 (25-OHD3).  

Whole, fresh eggs from Number of Vitamin D3, µg/100 g2 25-OHD3, µg/100 g2 

  samples  mean SD mean SD 
Cage hens1 14 1.31 0.45 0.38 0.09 
Free-range hens 12 1.45 0.45 0.48 0.10 
Indoor, free-range hens 4 1.08 0.21 0.46 0.12 
Organically farmed hens 4 1.35 0.49 0.42 0.15 
All types of hens 34 1.34 0.43 0.43 0.11 

1Analysed sample were yolk, the results corrected by 0.33 to give the content in whole eggs. Content in egg white: 0.003-0.004 µg vitamin D3/100 g and 0.006-
0.024 µg 25-hydroxyvitamin D3/100 g 

2 No significance different between the four types of eggs for vitamin D3 or 25-OHD3 (p=0.538 and 0.121), respectively.  
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Tabel 3. Milk and dairy products – number of composite samples, content of fat, and content (mean±SD) of vitamin D3, 25-
hydroxyvitamin D3 (25-OHD3), vitamin D2, 25-hydroxyvitamin D2 (25-OHD2). 

Sample type Composite Fat, %2 Vitamin D3, µg/100 g 25-OHD3, µg/100 g Vitamin D2, µg/100 g 25-OHD2, µg/100 g 
  samples1   mean SD mean SD mean SD mean SD 

Milk 4 0.5 <0.003  - <0.003  - <0.01 - <0.01 - 
Milk 4 1.5 0.004 0.001 0.004 0.003 <0.01  - <0.01  - 
Milk 4 3.5 0.010 0.002 0.007 0.001 <0.01 - <0.01 - 
Milk, organic 4 3.5 0.008 0.003 0.004 0.002 <0.01 - <0.01 - 
Yoghurt 4 3.5 0.007 0.001 0.007 0.001 <0.01 - <0.01 - 
Cream 4 38 0.119 0.025 0.054 0.007 0.024 0.021 0.021 0.003 
Spreadable3 4 75 0.177 0.032 0.061 0.004 0.016 0.006 0.023 0.006 
Cheese, hard (Danbo) 4 26 0.051 0.010 0.042 0.008 0.011 0.001 0.014 0.002 
Cheese, soft (Brie4) 4 30 0.140 0.066 0.053 0.007 0.037 0.014 0.029 0.004 

1Each composite sample consisted of 6 individual samples, thus for each sample type 30 individual sample are represented. 

2Content of fat taken from declaration 

375% of fat is from cream, 25% vegetable oil 

4 Produced in France  
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Table 4. Chicken  origin, number of samples, and content (mean±SD) of fat, vitamin D3 and 25-hydroxyvitamin D3 (25-OHD3).  

Origin Cut Number 
of  

Fat,  
% 

Vitamin D3, 
µg/100 g 

25-OHD3,  
µg/100 g 

Vitamin D2, 
µg/100 g 

25-OHD2, 
 µg/100 g 

    samples  mean SD mean SD mean SD mean SD mean SD 

Denmark 

Breast 9 1.4 0.6 0.04 0.02 0.16 0.06 <0.02 - <0.01 - 
Thigh meat 9 6.2 0.9 0.13 0.05 0.28 0.10 <0.02 - <0.01 - 
Thigh with skin1 9 10.8 - 0.18 - 0.34 - - - - - 
Thigh skin 9 40.8 5.9 0.54 0.24 0.74 0.23 <0.02 - <0.01 - 
Minced  12 7.5 - 0.10 - 0,44 - <0.01 - <0.03 - 

France 

Breast 3 1.1 0.1 0.12 0.06 0.12 0.01 <0.02 - <0.01 - 
Thigh meat 3 4.4 0.4 0.45 0.18 0.29 0.02 <0.02 - <0.01 - 
Thigh with skin3 3 9.0 - 1.00 - 0.36 - - - - - 
Thigh skin 3 39.1 8.9 4.58 5.68 0.78 0.15 <0.02 - <0.01 - 

 
1Calculated from the average (n=9) for the weight of a thigh, distributed into 133 g of thigh meat and 21 g of thigh skin. Bone represent 25%±2% of a whole 

thigh. 

2Composite sample, 6 individual samples 

3Calculated from the average (n=3) for the weight of a thigh, distributed into 129 g of thigh meat and 22 g of thigh skin. Bone represent 22%±2% of a whole 

thigh.  

- indicate not estimated  
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Table 5. Veal and beef – number of samples, and content (mean±SD) of fat, vitamin D3, 25-hydroxyvitamin D3 (25-OHD3), vitamin 
D2, 25-hydroxyvitamin D2 (25-OHD2). 

Cut 
Number 

of  Fat, % Vitamin D3, µg/100 g 25-OHD3, µg/100 g Vitamin D2, µg/100 g 25-OHD2, µg/100 g 

 samples mean SD mean SD mean SD mean SD mean SD 
Liver of calf 11 3.9  - 0.047  - 0.533  - 0.01  - 0.07  - 
Veal, heart of rump 6 1.9 0.7 0.011 0.007 0.147 0.055 <0.01  - <0.03  - 
Veal, topside, trimmed 6 2.0 0.5 <0.01  - 0.138 0.060 <0.01  - <0.03  - 
Veal, brisket, boneless/point end 6 7.3 4.2 0.020 0.018 0.150 0.086 <0.01  - <0.03  - 
Veal, shortloin 6 8.2 1.9 0.022 0.010 0.153 0.032 <0.01  - <0.03  - 
Beef, topside 6 3.1 1.9 0.064 0.073 0.108 0.073 0.014 0.022 0.036 0.014 
Beef, heart of rump 6 4.2 2.0 0.062 0.022 0.162 0.052 0.027 0.019 0.063 0.034 
Beef, knuckle 6 7.1 6.1 0.029 0.022 0.110 0.058 0.008 0.006 0.035 0.018 
Beef, brisket, point end 6 10.2 4.8 0.036 0.032 0.092 0.034 0.014 0.011 0.025 0.016 
Beef, brisket, boneless 6 13.1 5.8 0.060 0.079 0.108 0.108 0.022 0.023 0.053 0.045 
Beef, ribeye/entrecote 6 13.9 8.3 0.087 0.052 0.140 0.065 0.028 0.024 0.047 0.032 
Beef, shortloin 6 14.5 4.5 0.173 0.179 0.207 0.098 0.141 0.182 0.103 0.079 
Beef, minced 6 10.3 1.0 0.220 0.383 0.208 0.044 0.025 0.014 0.050 0.013 

1 Composite samples made up of 6 individual samples 

- indicate not estimated   
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Table 6. Pork – Cut of shoulder, collection time, number of samples, content (mean±SD) of fat, vitamin D3, 25-hydroxyvitamin D3 

(25-OHD3), vitamin D2 and 25-hydroxyvitamin D2 (25-OHD2).  

Cut of  Collection Number of Fat, % Vitamin D3, µg/100 g 25-OHD3, µg/100 g Vitamin D2, µg/100 
g 25-OHD2, µg/100 g 

shoulder time samples mean SD mean SD mean SD mean SD mean SD 

Lean meat August ‘19 20 4.2a 1.0 0.88 0.25 0.38 0.12 <0.01 - <0.01 - 

  March ‘20 20 4.3a 1.1 0.11 0.07 0.11 0.03 <0.01 - <0.01 - 

Subcutaneous  August ‘19 20 76.5 4.1 7.27 2.09 0.63 0.13 0.04 0.01 <0.01 - 

fat March ‘20 12 83.1 4.4 0.68 0.41 0.21 0.06 0.05 0.03 <0.01 - 

Skin August ‘19 20 na - 7.50 3.28 1.11 0.33 0.02 0.01 <0.01 - 

  March ‘20 12 na - 2.28 2.78 0.40 0.21 0.03 0.02 <0.01 - 
a Indicate no significant differences within the cut and compound analysed. All other pairs were significantly different (p<0.001)  

na – not analysed; - indicate not estimated. 

  

This article is protected by copyright. All rights reserved.



Table 7. Dietary intake of vitamin D among Danes – Scenario1,2,3, and the daily intake (mean±SD) for children at the age of 4-17 
years, and for adults at the age of 18-75 years of vitamin D3, 25-OHD3), and vitamin D.  

Scenario Conversion factor for Children (4-17 years) – intake, µg/day   Adults (18-75 years) – intake, µg/day   

/Data from 25OHD3 to vitamin D3 Vitamin D3 25-OHD3 Vitamin D Vitamin D3 25-OHD3 Vitamin D4 

    Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Scenario 11 1 1.27 1.11 0.36 0.17 1.53 1.18 2.29 2.64 0.52 0.25 2.81 2.73 

Scenario 22 1 3.15 1.98 0.44 0.21 3.60 2.13 5.03 3.64 0.64 0.30 5.67 3.84 

Scenario 33 1 0.76 1.08 0.83 0.44 1.59 1.21 1.72 2.58 1.17 0.62 2.89 2.77 
 

1Scenario1: utilize  the information available for vitamin D3 and 25-OHD3 in the Danish foods today (28) including the results from the present study.  

2Scenario 2: utilize  the data in Scenario 1 updated with available data for vitamin D3 and 25-OHD3 in our foods from studies which investigated the effect of 
feeding extra vitamin D3 or use of UVB-exposure. 

3Scenario 3: utilize the data in Scenario 1 updated with available data for vitamin D3 and 25-OHD3 in our foods from studies which investigated the effect of 
feeding 25-OHD3. 

4Vitamin D is the sum of vitamin D3 plus 25-OHD3 multiplied with conversion factor for 25-OHD3 to vitamin D3 
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Appendix 1. Detailed information of sampling and storage 

A study into the market for the food of interest was conducted prior the studies into eggs, milk, 

dairy products, chicken, veal and beef. Thus we identified the products on the market, the market 

share of each of the supermarkets, the needed sampling period i.e. is sampling through the year 

necessary, and we considered if single or a composite sample should be analysed. Then the 

detailed sampling plan were made.  

- Eggs: All samples in all available sizes (S/M/L/XL) were bought in supermarkets from 

February 2011 to January 2012. All samples were produced in Denmark by Hedegaard or 

Danæg.  

- Milk and dairy products: The market share of Danish produced milk and dairy products was 

>90%, except soft cheese. Thus all samples bought were produced in Denmark except soft 

cheeses, which were imported products produced in France. In each month from August 2013 

to July 2014 two samples of each product were bought in one supermarket in the Copenhagen 

area and in one supermarket in Funen or Jutland. The amounts of samples bought were 1 L 

milk and yoghurt, 250 g spreadable, 250 mL cream, and 250-500 g cheese. For each product 

the same amount from each samples was taken into the composite samples, the amount from 

each sample depended on the content of fat. Thus 10-50 g of milk, 5 g cream, spreadable, and 

cheese from each sample bought were put into the relevant composite sample of August to 

October, November to January, February to April, and May to July.  

- Chicken: All samples were bought in local supermarket in the Copenhagen area in October 

and November. Two types of chicken were bought in COOP-supermarkets and two types of 

chicken in Dansk Supermarked. Two types of chicken at 1200 g was manufactured from the 

two main Danish producers, one type of chicken was organically farmed (1400 g), and one 
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type of chicken was imported from France (1400 g). For each of the four types, three chickens 

produced at three different days were bought. The skin was carefully separated from the 

breast, and one of the thigh was carefully separated into bone, meat and skin. Each separated 

part i.e. breast without skin, thigh, thigh meat and thigh bone were weighted.  

- Veal and beef: The samples were bought in local supermarket in the Copenhagen area in June 

and July 2018. In total 24 samples of veal, of which 75% originated from Denmark, while 

25% was of unknown origin. In total 48 samples of beef, of which 42% was of Danish origin, 

5% from Germany, while 1-2% were raised in each of the following countries: Argentina, 

Australia, Belgium, Brazil, The Netherlands, Ireland, UK, Uruguay, and US, while the rest 

11% was of unknown origin. Each samples of calf liver and minced chicken collected for the 

composite samples for the two foods, were produced in Denmark. The study into vitamin D in 

veal and beef, is part of a project that includes quantification of other nutrients and 

micronutrients, therefore approx. 2 kg of each samples were bought.  

- Pork: In August 2019, the 20 samples of the shoulder with rind, were collected directly at the 

slaughterhouse at August, 7. Twenty free-range pigs from two farmers (10 from each) were 

selected, and the shoulder with rind, send to DTU Food at 5 °C. At DTU one steak of approx. 

200 g was cut at the part of the shoulder closest to the loin. In March 2020 a similar procedure 

was agreed, but due to Covid-19, an alternative collection was chosen, which made it 

impossible to include samples from the same farmers. Thus the 20 samples, were from free-

range pigs, but slaughtered at the same slaughterhouse. The shoulder with or without rind was 

ordered by Meny, Søborg, DK, which then cut the steak at approx. 200 g following the 

procedure used at DTU Food for the samples from August 2019. Within two days each steaks 

from August 2019 and March 2019 was carefully divided into lean meat (intra-muscular fat 
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was removed), subcutaneaous fat, and skin cut free from any visible fat at our facilities at 

DTU Food or in the home of the technician due to Covid-19. See Figure A1. The skin was cut 

into 1 cm2 pieces, and the lean meat and subcutaneous fat were homogenised.  

 

 

 

The homogenised samples from all studies were transferred to plastic cup, aerated with nitrogen, 

and stored at -20°C until analyses.  
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Appendix 2. Content of vitamin D3 and 25-hydroxyvitamin D3 (25-OHD3) in composite 
samples of egg products 

Egg product Units in 
composite 

sample 

 µg vitamin D3/100 g µg 25-OHD3/100 g 

Whole eggs, pasteurised 7  1.16 0.37 
Whole eggs, pasteurised 5  1.16 0.42 
Whole eggs, scrambled 3  0.68 0.10 
Whole eggs, scrambled  2  0.91 0.11 
Whole longeggs, boiled 3  0.72 0.28 
Whole eggs, boiled 5  0.63 0.27 
Yolk, pasteurized 2  3.47 0.87 
Yolk, pasteurized 4  2.02 0.97 
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Appendix 3. Chicken – origin, weight of one chicken (total), one thigh (meat, skin, bone, 
total), and one breast. 

    Weght, gram 

Chicken Origin Total Thigh, 
meat 

Thigh, 
skin 

Thigh, 
bone 

Thigh, 
total  Breast 

A1 Denmark 1448 130.8 31.9 49.9 213 140.0 
A1 Denmark 1642 164.5 20.4 74.2 259 136.1 
A1 Denmark 1557 165.3 25.1 55.9 246 152.4 
B Denmark 1370 119.0 15.0 49.1 183 175.6 
B Denmark 1390 146.0 18.8 48.0 213 168.2 
B Denmark 1251 126.2 19.9 41.3 187 154.2 
C Denmark 1265 123.2 22.6 50.4 196 128.9 
C Denmark 1270 116.2 17.5 45.8 180 167.8 
C Denmark 1247 106.9 14.3 42.2 163 153.1 
D France 1322 131.4 18.1 39.2 189 124.3 
D France 1390 121.8 20.9 46.4 189 122.5 
D France 1416 134.6 25.7 40.5 201 150.2 

1Organical farmed  
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Appendix 4. Chicken – origin, content (mean±SD) of (a) vitamin D3, (b) 25-hydroxyvitamin 
D3 (c) fat in breast, thigh meat and thigh skin. 

4a   Vitamin D3, ng/g 
    Breast   Thigh, meat   Thigh, skin 
Chicken  Origin Mean SD   Mean SD   Mean SD 
A Denmark 0.24 0.19 a 1.10 0.83 a 4.0 3.0 
B Denmark 0.54 0.24 a 1.17 0.18 a 5.1 1.3 
C Denmark 0.53 0.22 a 1.50 0.55 a 7.1 2.5 
D France 1.20 0.58 a 4.47 1.79 b 45.8 56.8 
                    
4b   25-hydroxy vitamin D3, ng/g 
    Breast   Thigh, meat   Thigh, skin 
Chicken  Origin Mean SD   Mean SD   Mean SD 
A Denmark 1.14 0.86 a 2.59 1.83 b 6.3 3.9 
B Denmark 1.93 0.23 a 2.90 0.27 b 7.7 1.4 
C Denmark 1.70 0.40 a 3.00 0.33 b 8.1 1.3 
D France 1.20 0.09 a 2.92 0.24 b 7.8 1.5 
                    
4c   Fat, % 
    Breast   Thigh, meat   Thigh, skin 
Chicken  Origin Mean SD   Mean SD   Mean SD 
A Denmark 1.10 0.16 a 6.30 1.00 a 43.1 8.2 
B Denmark 1.18 0.15 a 5.82 0.91 ab 36.1 0.5 
C Denmark 2.05 0.87 a 6.49 1.08 a 43.1 4.6 
D France 1.12 0.11 a 4.36 0.44 b 39.1 18.8 

 In 4a, 4b, and 4c a different superscript indicate a significant difference (Tukey’s HSD, p<0.05) 
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Figure Legends 

Figure 1. Distribution of content of vitamin D3 (vitD3) (blue) and 25-hydroxyvitamin D3 (25-OHD3) 

(orange) in a) eggs, b) cream, c) chicken breast, d) veal, e) beef, f-i) free-range pork i.e. f) lean meat from 

early spring,  g) lean meat from summer, h) fat from early spring, and i) fat from summer. The number (n) 

of food samples from which the average is calculated. 

Figure 2. Distribution of dietary intake per day of vitamin D3 (vitD3) (blue) and 25-hydroxyvitamin D3 

(25-OHD3) (orange) among Danish children, age 4-17 years old (a, c, e) and among adults, age 15-75 

years old (b, d, f). Estimates for Scenario 1 i.e. based on levels in foods today (a and b). Estimates for 

Scenario 2 i.e. levels in foods taking into account research results for feeding vitamin D3 and sun-

exposure (c and d). Estimates for Scenario 3 i.e. levels in foods taking into account research results for 

feeding 25-hydroxyvitamin D3 (e and f).  

 

 

Figures – separate files 
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Figure 3. Illustration of a whole steak from shoulder (A), and separated into lean meat, subcutaneous fat, and skin 

without fat (B). 



 

Distribution of content of vitamin D3 (vitD3) (blue) and 25-hydroxyvitamin D3 (25-OHD3) (orange) in a) 
eggs, b) cream, c) chicken breast, d) veal, e) beef, f-i) free-range pork i.e. f) lean meat from early spring, 

 g) lean meat from summer, h) fat from early spring, and i) fat from summer. The number (n) of food 
samples from which the average is calculated. 
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Distribution of dietary intake per day of vitamin D3 (vitD3) (blue) and 25-hydroxyvitamin D3 (25-OHD3) 
(orange) among Danish children, age 4-17 years old (a, c, e) and among adults, age 15-75 years old (b, d, 
f). Estimates for Scenario 1 i.e. based on levels in foods today (a and b). Estimates for Scenario 2 i.e. levels 
in foods taking into account research results for feeding vitamin D3 and sun-exposure (c and d). Estimates 
for Scenario 3 i.e. levels in foods taking into account research results for feeding 25-hydroxyvitamin D3 (e 

and f). 
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Illustration of a whole steak from shoulder (A), and separated into lean meat, subcutaneous fat, and skin 
without fat (B). 
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