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Abstract 22 

Vitamin K is vital for normal blood coagulation, and may influence bone, neurological and vascular 23 

health. Data on the vitamin K content of Australian foods are limited, preventing estimation of 24 

vitamin K intakes in the Australian population. We measured phylloquinone (PK) and menaquinone 25 

(MK) -4 to -10 in cheese, yoghurt and meat products (48 composite samples from 288 primary 26 

samples) by liquid chromatography with electrospray ionisation-tandem mass spectrometry. At least 27 

one K vitamer was found in every sample. The greatest mean (± standard deviation for foods 28 

sampled in multiple cities) concentrations of PK (4.9 µg/100 g), MK-4 (58 ± 9 µg/100 g) and MK-9 29 

(8 ± 2 µg/100 g) were found in lamb liver, chicken leg meat and Cheddar cheese, respectively. 30 

Cheddar cheese (1.1 ± 0.3 µg/100 g) and cream cheese (1.0 µg/100 g) contained MK-5. MK-8 was 31 

found in Cheddar cheese only (4 ± 2 µg/100 g). As the K vitamer profile and concentrations appear 32 

to vary considerably by geographical location, Australia needs a vitamin K food composition 33 

dataset that is representative of foods consumed in Australia.  34 

 35 

Keywords: Australia; food composition; menaquinone; phylloquinone; vitamin K 36 
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1. Introduction 37 

Vitamin K is the family name for a group of fat-soluble compounds, of which phylloquinone (PK; 38 

also known as vitamin K1) and menaquinones (MKs) are found in foods. PK is found in vegetables 39 

and plant oils, while MKs are found in meat, eggs, and fermented foods, such as dairy (Schurgers & 40 

Vermeer, 2000). Recently, the focus on vitamin K has shifted from a single-function vitamin for 41 

normal blood coagulation towards a multi-function vitamin, with an essential role in maintaining 42 

normal bone, neurological and vascular function (Halder et al., 2019). 43 

 44 

Vitamin K is a nutrient of concern in North America and Europe, where intakes are low - often 45 

below the requirements for normal blood coagulation and insufficient for optimal health (Hayes et 46 

al., 2016; McCann & Ames, 2009; Thane, Paul, Bates, Bolton-Smith, Prentice, & Shearer, 2002; 47 

Turck et al., 2017; Wallace, McBurney, & Fulgoni, 2014). Since there is no single biomarker for 48 

vitamin K status, assessing population vitamin K status is challenging and costly; hence, estimating 49 

dietary intakes to infer status is a convenient alternative (Shea & Booth, 2016). In the absence of 50 

sufficient dose-response data to set an Estimated Average Requirement (EAR) for vitamin K, 51 

varying Adequate Intake (AI) recommendations have been made in Australia, Europe and the US. 52 

An AI is set at 60 and 70 µg /day for Australian women and men, respectively (National Health and 53 

Medical Research Council, 2014), and at 70 µg /day for all European adults (Turck et al., 2017). 54 

The AI is higher in the US at 90 and 120 µg /day for women and men, respectively (Institute of 55 

Medicine US) Panel on Micronutrients, 2001). 56 

 57 

There is currently no authoritative source of vitamin K composition data, particularly for MKs 58 

(Shea et al., 2016), for accurately estimating vitamin K intakes. Various countries, including the 59 

US, UK, Denmark, the Netherlands and New Zealand, have PK composition data in their national 60 

food composition databases. There is growing interest in MKs (Shea et al., 2016); however, no 61 

country has comprehensive data on the content of MKs in food. Limited data on MKs are available 62 
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in databases from the US (U.S. Department of Agriculture - Agricultural Research Service, 2019), 63 

UK (Food Standards Agency UK, 2008) and The Netherlands (Rijksinstituut voor Volksgezondheid 64 

en Milieu (RIVM), 2019), and in published studies for a small number of foods (Elder, Haytowitz, 65 

Howe, Peterson, & Booth, 2006; Fu et al., 2017; Fu, Shen, Finnan, Haytowitz, & Booth, 2016; 66 

Jensen, Daugintis, & Jakobsen, 2021; Jensen, Ložnjak Švarc, & Jakobsen, 2021; Karl, Fu, 67 

Dolnikowski, Saltzman, & Booth, 2014; Koivu-Tikkanen, Ollilainen, & Piironen, 2000; Palmer et 68 

al., 2021; Schurgers et al., 2000; Vermeer, Raes, van’t Hoofd, Knapen, & Xanthoulea, 2018). Using 69 

UK food composition tables and published studies, preliminary estimates of dietary vitamin K 70 

intakes in the Irish population showed that intakes of MKs were of similar magnitude to intakes of 71 

PK (Kingston et al., 2019). This suggests that measuring both PK and MKs in foods is important for 72 

accurate reporting of vitamin K intakes. 73 

 74 

Vitamin K remains largely unexplored in the Australian population: there is no estimate of vitamin 75 

K intakes as there have been no vitamin K composition data for Australian foods until recently. A 76 

preliminary database has been produced for selected foods available in Australia for PK, MK-4 and 77 

MK-7 (Palmer et al., 2021); however, nationally representative data from larger sample sizes across 78 

a greater range of foods and K vitamers are still required. Hence, the aim of this study was to 79 

explore the content of eight K vitamers (PK and MK-4 to -10) in cheese, yoghurt and meat products 80 

sourced from multiple cities across Australia. 81 

 82 

2. Materials and methods 83 

2.1 Sampling and sample preparation 84 

Primary samples (n = 288) of cheese (n = 54), yoghurt (n = 36), and meat products (n = 198) were 85 

purchased in Sydney (August 2018, n = 90), Melbourne (October-December 2018, n = 114) and 86 

Perth (April-June 2019, n = 84) as part of a larger sampling program for vitamin D described 87 

elsewhere (Dunlop et al., 2021). These three cities represent both the east and west coasts of 88 
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Australia and are where approximately half of Australia’s population resides and purchases food. 89 

Samples were purchased from supermarkets and specialty shops, including independent butchers. 90 

Sampling was conducted across a 10-month period covering all four seasons, beginning in the 91 

winter of 2018 (August) and ending during winter in 2019 (June) in order that representative food 92 

composition data were produced. The location and date of purchase and weight of samples were 93 

recorded. Samples were kept chilled from the time of purchase to preparation. They were packaged 94 

such that they were protected from heat and light and that any liquid contents were contained during 95 

transportation. Samples were transported to the National Measurement Institute of Australia (NMI), 96 

Melbourne, for preparation. Foods were prepared and cooked as they would usually be consumed, 97 

omitting oil and other ingredients, except for small amounts of water when needed to prevent 98 

adherence to cooking vessels. For each city in which a food was sampled, six samples were 99 

purchased. Each group of six primary samples of the same food type purchased in the same city 100 

were combined, using equal aliquots, into homogenized composite samples for analysis (total n = 101 

48; Sydney n = 15; Melbourne n = 19; Perth n = 14; Table 1). 102 

 103 

Immediately after preparation, the composite samples were stored frozen at -20℃, protected from 104 

light and oxygen to prevent loss of the K vitamers during the storage period (Indyk, Shearer, & 105 

Woollard, 2016). In July 2021, the frozen samples were packed into thermal boxes with sufficient 106 

dry ice to ensure that samples remained frozen from collection to delivery and were couriered by 107 

fastest available means (three-day transit time) to the Technical University of Denmark (DTU), 108 

Lyngby, Denmark, for analysis of K vitamers.  109 

 110 

2.2 Analysis 111 

Moisture (in-house method based on an AOAC method (AOAC International, 2005a)) and fat 112 

(Soxhlet (Food Science Australia, 1998) or Mojonnier extraction (AOAC International, 2005b) 113 

were measured in duplicate at NMI following sample preparation. The K vitamers, PK and MK-4 to 114 
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MK-10, were analysed at DTU in duplicate or triplicate using a validated method described in detail 115 

previously (Jäpelt & Jakobsen, 2016; Jensen, Ložnjak Švarc, et al., 2021; Jensen, Rød, Ložnjak 116 

Švarc, Oveland, & Jakobsen, 2022). Briefly, all analytical procedures were conducted under yellow 117 

light or by use of amber glassware or foil coverings throughout the process. Between 0.3 and 0.5 g 118 

of sample, depending on the likely content of vitamin K, was combined with an internal standard 119 

(IS) mix. The IS mix provided 125 ng each of labelled IS PK-[2H7] (d7- PK), MK-4-[2H7] (d7-MK-120 

4), MK-7-[2H7] (d7-MK-7), and MK-9-[2H7] (d7-MK-9) (IsoSciences, Ambler, PA). The vitamin K 121 

and IS were then extracted using 2-propanol, n-heptane and water. Following extraction from the 122 

food matrix, extracts underwent lipase treatment, using the enzymes Lecitase™ Ultra and 123 

Lipozyme® TL 100L (Novozymes, Bagsværd, Denmark), followed by an extraction of the vitamin 124 

K vitamers and the IS. The lipase treatment and extraction processes were repeated once. A solid 125 

phase extraction (SPE) clean-up using a silica column was then carried out, after which the sample 126 

was transferred to a vial.   127 

 128 

Calibration standards were prepared with 250 ng/mL each of labelled standards, d7- 129 

PK, d7-MK-4, d7-MK7 and d7-MK-9 and 2.5, 5, 10, 25, 50, 100, 250, 375 or 500 ng/mL unlabeled 130 

standards (PK, MK-4, MK-7 and MK-9; Sigma Aldrich, Darmstadt, Germany) dissolved in  131 

ethanol. Calibration standards and samples were analysed using ultra high performance liquid 132 

chromatography (UHPLC, 1290 Infinity II, Agilent Technologies, Santa Clara, CA) coupled with 133 

Ascentis® Express C18 columns, (5 mm guard column + 10 cm analytical column) x 2.1 mm, 2.7 134 

µm; Supelco, Bellefonte, PA) and connected to the triple quadrupole mass spectrometer (6470, 135 

Agilent Technologies, Santa Clara, CA). For quantification of PK, MK-4, MK-7 and MK-9 the 136 

respective four IS was used. The calibration curves of MK-4, MK-7, MK-9 and MK-9 in 137 

combination with calibration factors were used to quantify the content of MK-5, MK-6, MK-8 and 138 

MK-10, respectively, as described previously (Jensen et al., 2022).  139 

 140 
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Limits of quantification (LOQs) were determined as the calibration standard with the lowest 141 

concentration of K vitamer (PK, MK-4, MK-7 and MK-9), with a signal to noise > 10 and accuracy 142 

between 80-120% (Jensen et al., 2022). 143 

 144 

2.3. Quality assurance of the analytical method 145 

Trueness for PK was confirmed by analysing certified reference materials (Kelp 3232 and Infant 146 

formula 1849, NIST, Gaithersburg, ML). To assess trueness and precision during the analytical run, 147 

house reference materials (hard cheese and blue cheese) containing PK, MK-4 and MK-6 to MK-9, 148 

were analysed in each analytical run. 149 

 150 

2.3 Data handling of the results  151 

For the composite samples, duplicated results were averaged to provide concentrations for each K 152 

vitamer in each food for each city in which it was purchased. Concentrations of K vitamers were 153 

averaged across products purchased in each city, and then across cities to produce national average 154 

concentrations. For foods with one analytical sample, we reported concentrations as the mean of 155 

duplicated or triplicated analyses. For foods with two or more analytical samples, concentrations 156 

were reported as the mean of duplicated or triplicated analyses across cities ± standard deviation. 157 

 158 

3. Results 159 

3.1. Analytical quality assurance results 160 

Limits of quantification were 0.5, 0.5, 1, 1, 2.5, 5, 1 and 5 µg/100 g for PK, MK-4, MK-5, MK-6, 161 

MK-7, MK-8, MK-9 and MK-10, respectively. The results for the certified reference materials 162 

(Kelp (NIST3232) 442 ± 43 PK ng/g (n=4); Infant Formula (NIST1849) 2280 ± 210 ng PK/g (n=4)) 163 

were within the certified ranges of 434 ± 81 ng PK/g and 2200 ± 180 ng PK/g, respectively. The 164 

trueness for the values of the MKs are reported elsewhere, showing for spiked samples a recovery 165 

not significantly different from 100% (94%-125%) and by comparing to a different analytical 166 
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method, which showed no significant differences between the two methods  (Jensen, Ložnjak 167 

Švarc, et al., 2021; Jensen et al., 2022). The precision achieved by duplicate analyses of the sample 168 

in our study was 11% for PK (n=28), 14% for MK-4 (n=46), and 22% for MK-9 (n=8). For the two 169 

house reference materials the precision was 6-7%, 8-11%, and 12-20%, respectively for PK, MK4, 170 

and MK-9. For the remaining MKs, the precision was previously assessed as <25% (Jensen et al., 171 

2022), and in this study it was estimated at 20-40% (n=24) for each vitamer in each of the two 172 

house reference materials. 173 

 174 

3.2 Analytical results 175 

We found PK in all samples except bacon, chicken, ham and pork (Table 2). The greatest 176 

concentration of PK was found in lamb liver (4.9 µg /100 g). MK-4 was quantified above the LOQ 177 

(0.5 µg /100 g) in 46 of the samples, with the greatest concentrations found in chicken, particularly 178 

leg meat with skin (58 ± 9 µg /100 g). MK-5 was found at similar concentrations in Cheddar cheese 179 

(1.1 ± 0.3 µg /100 g) and cream cheese (0.95 µg /100 g) only. MK-8 was found in Cheddar cheese 180 

only (4.0 ± 2.2 µg /100 g). MK-9 was found in all cheese products, including cheesecake; the 181 

concentration in Cheddar cheese (8.1 ± 1.8 µg /100 g) was considerably greater than in other cheese 182 

products. Neither MK-6, MK-7 nor MK-10 were quantified in any samples. 183 

 184 

4. Discussion 185 

This study provides an insight into the vitamin K content of Australian cheese, yoghurt and meat 186 

products, sampled across multiple cities and seasons in order to produce representative food 187 

composition data. At least one K vitamer was found in each sample, and some foods were useful 188 

sources of vitamin K, particularly PK, MK-4 and MK-9. 189 

 190 

When establishing new values for the vitamin K content of foods, the validation of the analytical 191 

method is essential. The challenge in the method validation of the MKs is the lack of certified 192 
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reference materials. For the first time, to justify the trueness of our method, we included a 193 

comparison to a method using post-column derivatisation followed by fluorescence detection for 194 

PK and MKs (Jensen et al., 2022). Few others have reported results for PK and MKs in foods (Elder 195 

et al., 2006; Fu et al., 2017; Fu et al., 2016; Jensen, Daugintis, et al., 2021; Jensen, Ložnjak Švarc, 196 

et al., 2021; Karl et al., 2014; Koivu-Tikkanen et al., 2000; Palmer et al., 2021; Schurgers et al., 197 

2000; Vermeer et al., 2018). Reported LOQs (per 100 g) for liquid chromatography (LC)-198 

fluorescence, LC with atmospheric pressure chemical ionisation mass spectrometry (LC-APCI-MS) 199 

and LC with electrospray ionisation tandem MS (LC-ESI-MS/MS) methods range from 0.05-1.4 µg 200 

for PK, 0.1-4.0 µg for MK-4, 0.1-0.7 µg for MK-5, 0.1-0.6 µg for MK-6, 0.1-2.6 µg for MK-7, 0.1-201 

4.3 µg for MK-8, 0.1-2.4 µg for MK-9 and 0.1-4.0 µg for MK-10 (Elder et al., 2006; Jensen et al., 202 

2022; Karl et al., 2014; Koivu-Tikkanen et al., 2000; Palmer et al., 2021). Thus, our LOQs are 203 

comparable with those that have been obtained by others.  204 

 205 

In our study, where the majority of cheeses included were made from ≥ 95% ingredients of 206 

Australian or New Zealand origin, we found PK, MK-4 and MK-9 in all cheese products, while 207 

Cheddar cheese also contained MK-5 and MK-8. The predominant vitamer in all included cheese 208 

products was MK-4. We found greater concentrations of PK and MK-4 in Cheddar and 209 

Camembert/Brie compared to an earlier Australian study; however, in that study only three samples 210 

of each variety were included and only PK, MK-4 and MK-7 were measured (Palmer et al., 2021). 211 

We found that MK-9 contributed a considerable proportion of vitamin K content in Cheddar and 212 

Brie/Camembert varieties, while Cheddar also contained reasonable concentrations of MK-5 and 213 

MK-8. Previous studies have been conducted at DTU to measure the vitamin K content of selected 214 

cheeses purchased in Denmark (Jensen, Daugintis, et al., 2021; Jensen, Ložnjak Švarc, et al., 2021). 215 

MK-4 was the predominant vitamer found in Mozzarella in both our study and a Danish study 216 

(Jensen, Ložnjak Švarc, et al., 2021); however, the K vitamer profiles differed  in that MK-9 (1.2 ± 217 

0.6 µg/100 g) was found in our Mozzarella samples, but not in the earlier study of Mozzarella 218 
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purchased in Denmark. In earlier Danish studies, MK-9 was the predominant K vitamer in Gouda, 219 

Tistrup, Cheddar and Danablue varieties, all of which also contained MK-7 (1.0-3.2 µg/100 g) 220 

(Jensen, Daugintis, et al., 2021; Jensen, Ložnjak Švarc, et al., 2021). MK-7 was not quantified in 221 

any of the cheese products included in our study. 222 

 223 

Variation in K vitamer concentration and profile in cheeses has also been seen in studies conducted 224 

elsewhere. A Dutch study found PK (0.3-10.4 µg/100 g) and MK-4 to MK-9 (0.1-51.1 µg/100 g) in 225 

hard, soft and curd cheeses (Schurgers et al., 2000). Similarly, a more recent study measured PK 226 

and MK-4 to MK-10 in cheeses (Gouda, Milner, Slankie, Edam, Maasdam and curd cheeses) 227 

purchased in The Netherlands, finding quantifiable concentrations of PK and MK-4 to MK-9 in all 228 

samples except Edam, in which only PK, MK-4, MK-8 and MK-9 were quantified (Vermeer et al., 229 

2018). A study conducted in Finland found that Edam cheese contained quantifiable concentrations 230 

of PK (1.9 ± 1.3 µg/100 g) and MKs 4-10 (0.5-30.0 µg/100 g), while Emmental contained 231 

quantifiable concentrations of PK (2.6-3.0 µg/100 g) and MK-4 (5.2-6.1 µg/100 g), with traces of 232 

MK-6 and MK-7 (Koivu-Tikkanen et al., 2000). More recently, in the US, K vitamers have been 233 

measured in a wider range of processed, fresh (goat, feta, ricotta, Cotija, cottage and Mozzarella), 234 

blue (Gorgonzola and other blue cheeses), soft (Brie, Camembert, crème fraiche, Limburger, 235 

mascarpone), semi-soft (Monterey Jack, Havarti, Fontina, Gouda, Swiss and cream cheese) and 236 

hard (Cheddar – regular and full fat - and Parmesan) cheeses (Fu et al., 2017). In that study, all 237 

regular-fat cheese contained, PK, MK-4, and MK-7 to MK-11. Some regular-fat varieties also 238 

contained MK-5, MK-6, MK-12 and MK-13; however, reduced-fat cottage and Cheddar cheeses 239 

did not; there was also no PK or MK-4 detected in reduced fat cottage cheese (Fu et al., 2017). In 240 

contrast to our study, MK-9, rather than MK-4, was the predominant vitamer in all cheese varieties 241 

sampled in that study (Fu et al., 2017).  242 

 243 



   11 

The presence of the longer-chain MKs in fermented dairy products, such as cheese, has been 244 

suggested to be due to use of bacterial cultures in the fermentation process (Schurgers et al., 2000; 245 

Shearer, 1997), with the variability seen in MK profiles being due to use of different microbial 246 

species in different production methods (Fu et al., 2017). However, the starter culture used, water 247 

content, fat content and ripeness of cheese were investigated in a recent Danish study, with the 248 

finding that none of these factors explained K vitamer content in five varieties (Brie, Cheddar, 249 

Danablu, Hirtenkäse and Danbo) studied (Jensen, Daugintis, et al., 2021). A Swiss study’s findings 250 

suggested that the starter culture used in fermentation and scalding temperature may influence MK 251 

profile and content, given that certain strains are known to particularly produce certain MK 252 

vitamers (Collins & Jones, 1981; Morishita, Tamura, Makino, & Kudo, 1999) and that MK-253 

producing bacteria may not survive the higher scalding temperatures used in production of some 254 

cheese varieties (Walther et al., 2021). Season of production was also suggested as a potential factor 255 

due to its possible influence on ambient temperature and humidity, which may affect bacterial MK 256 

production, and on feed (e.g., fresh grass versus hay) provided to milk-producing animals (Walther 257 

et al., 2021). 258 

 259 

We found small amounts of PK (0.5 ± 0.0 µg/100 g) and reasonable amounts of MK-4 (1.8 ± 0.3 260 

µg/100 g) in full-fat yoghurt, but only small amounts of MK-4 (0.2 ± 0.3 µg/100 g) in low-fat 261 

yoghurt. No other K vitamers were quantitated in our yoghurt samples. Our findings appear similar 262 

to those of an earlier Australian study (Palmer et al., 2021); however, making a comparison is 263 

difficult as fat content was not reported in the other study. A US study had contrasting results, with 264 

various K vitamers (PK and MK-4,MK-9 to MK-11) found in full-fat regular (mean fat 4.6%) and 265 

Greek (mean fat 4%) yoghurts and none detected in fat-free versions of those yoghurt varieties (Fu 266 

et al., 2017). Across a range of dairy milk, yogurts, kefirs, cream and cheeses, overall vitamin K 267 

content was found to be proportional to fat content (Fu et al., 2017). In that study, the greatest 268 

concentrations were of MK-9 in both full-fat varieties (mean = 13.2 µg/100 g in regular yoghurt and 269 
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14.8 µg/100 g in Greek yoghurt) (Fu et al., 2017). Studies conducted in Finland (Koivu-Tikkanen et 270 

al., 2000) and France (Manoury, Jourdon, Boyaval, & Fourcassié, 2013) have also found a wide 271 

range of MKs, dominated by MK-9 in fermented and soured milk products; however, plain yoghurt 272 

(2.5% fat) analysed in the Finnish study contained only PK, MK-4 and MK-5 (Koivu-Tikkanen et 273 

al., 2000). In the Netherlands, concentrations of MK-4, MK-5 and MK-8 were quantified in whole 274 

milk yoghurt, and MK-8 in skimmed milk yoghurt; MK-9 was not detected in either variety 275 

(Schurgers et al., 2000).  276 

 277 

We found a distinct difference in K vitamer profiles between products of ruminant and marsupial 278 

grass-eating animals (beef, lamb and kangaroo products) that contained PK and MK-4 and products 279 

of mono-gastric animals (chicken and pigs, whose diets are less likely to include grasses) that 280 

contained MK-4 only. Generally, products of grass-eating animals contained greater concentrations 281 

of MK-4 than PK; however, the concentration of PK in lamb liver was greater than that of MK-4. 282 

Our results for PK in most meat products were similar to those from another Australian study 283 

(Palmer et al., 2021). Compared to that study, mean concentrations of MK-4 in our study were 2.6-284 

24.8 µg/100 g lower in beef, pork, ham and salami and 7.5 µg/100 g higher in beef sausage. These 285 

differences may be due to the timing, location and breadth of sampling. For our study, we 286 

developed a national sampling plan to capture differences across region and season. We also 287 

sampled different cuts of meat, and we prepared and cooked foods as they would be consumed in 288 

the home, eliminating the need for conversion factors for raw foods.  289 

 290 

There is considerable variation in the vitamin K content of meat products in other countries. 291 

Samples of Dutch beef contained both PK (0.6 µg/100 g) and MK-4 (1.1 µg/100 g) (Schurgers et 292 

al., 2000), while in the US, beef steak contained 1.9 µg/100 g MK-4, but no PK (U.S. Department 293 

of Agriculture - Agricultural Research Service, 2019). In the UK, a much greater concentration of 294 

7.2 µg/100 g PK was found in beef mince, with a lesser concentration found in roast beef (0.2 295 
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µg/100 g) (Food Standards Agency UK, 2008). While long-chain MKs (MK-10, MK-11 and MK-296 

12) have previously been found in bovine liver and attributed to biosynthesis by ruminal bacteria 297 

(Bentley & Meganathan, 1982; Matschiner, 1970), we found no long-chain MKs in lamb liver.  298 

Reasonable mean concentrations of 8.5-8.9 µg/100 g MK-4 were found in chicken from the 299 

Netherlands (Schurgers et al., 2000); however, this is considerably less that the MK-4 300 

concentrations found in our Australian chicken samples. Elsewhere, a number of K vitamers have 301 

been quantified in pork products. In the Netherlands, four K vitamers (PK and MK-4, MK-7 and 302 

MK-8) were found in pork steak, and salami (which commonly contains both pork and beef) 303 

contained PK and MK-4 (Schurgers et al., 2000). A US study found PK and MK-4, MK-10 and 304 

MK-11 in pork sausage and cooked Canadian bacon (Fu et al., 2016). In pork products, we only 305 

found MK-4, which may be due to differing production methods (e.g., fermentation methods). 306 

 307 

Collectively, these studies indicate that K vitamer concentration and profile can vary considerably 308 

within and between food varieties, animal species and by geographic location. The MK-4 found in 309 

animal produce may be a product of conversion of PK or menadione, obtained from the animal’s 310 

diet (Fu et al., 2016; Hirota et al., 2013), to MK-4 (Booth, 2012; Schurgers et al., 2000; Thijssen, 311 

Drittij-Reijnders, & Fischer, 1996). As menadione is the predominant form of vitamin K in feed 312 

products used in many systems of animal husbandry (Booth, 2012; Fu et al., 2016; Thijssen et al., 313 

1996), it is considered a likely source of MK-4 in farmed animals that receive menadione-rich diets 314 

(Fu et al., 2016). In Australia especially, the vitamin K profile of an animal’s diet may be 315 

influenced by season and weather-affected conditions, particularly drought, when grazing animals 316 

may be provided with supplementary feed to replace the PK-containing grasses that they would 317 

otherwise graze on. Supplementary feed may vary in composition, and may have added menadione, 318 

and less PK than grass alone. Therefore, the vitamin K content of produce may vary by location, 319 

environmental conditions and based on the production methods used (e.g., livestock feed profile 320 

and the availability of other natural sources of vitamin K in the local environment, such as grasses). 321 
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 322 

Further work is needed to allow estimation of vitamin K intakes in Australia. Although population 323 

intakes of most nutrients were estimated from the 2011-2013 Australian Health Survey (Australian 324 

Bureau of Statistics, 2014) and the 2011-2013 Australian Aboriginal and Torres Strait Islander 325 

Health Survey (Australian Bureau of Statistics, 2015), vitamin K intakes could not be quantified 326 

due to the lack of vitamin K composition data. Hence, Australia-specific vitamin K composition 327 

data, based on national food sampling, is required for use in national food composition tables and 328 

for use in estimating usual intakes. 329 

 330 

We used innovative methods developed and validated by our team to measure PK and MKs in foods 331 

(Jäpelt et al., 2016; Jensen, Ložnjak Švarc, et al., 2021). They allow measurement of a greater range 332 

of MK vitamers without need for additional costly internal standards, compared to earlier methods 333 

(Jensen et al., 2022). These methods are rapid, highly sensitive and specific, with the capacity to 334 

detect low levels of PK and MKs in a range of complex food matrices in a single analytical run, 335 

hence accommodating high and efficient throughput. The capacity to measure even small amounts 336 

of vitamin K in foods is important, since some food sources of vitamin K are widely consumed, and 337 

small levels of nutrients are cumulatively significant across the diet. We measured PK and MK-4 to 338 

MK-10 concentrations in all foods sampled. Our sampling plan was carefully designed to represent 339 

potential geographical and seasonal variations across the Australian continent. However, a general 340 

limitation of food composition data is that they may not represent the precise nutrient content of 341 

individual consumed foods. 342 

 343 

This study provides new data for vitamin K in cheese, yoghurt and meat products sourced in 344 

Australia. All samples contained at least one K vitamer. Our study contributes to the limited vitamin 345 

K composition data available in Australia and globally, and adds to the growing evidence that the K 346 

vitamer profile and concentration of foods can vary greatly by region. A larger project is needed to 347 
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develop a comprehensive analytical food composition database for K vitamers (PK and MKs) in a 348 

wide range of foods commonly consumed in Australia so that intakes of vitamin K can be estimated 349 

in the population.  350 

 351 

Abbreviations: 352 

AI   Adequate Intake 353 

EAR   Estimated Average Requirement 354 

DTU   Technical University of Denmark 355 

HPLC   high performance liquid chromatography 356 

LC   liquid chromatography 357 

LC-APCI-MS  LC with atmospheric pressure chemical ionisation MS 358 

LC-ESI-MS/MS LC with electrospray ionisation tandem MS 359 

LOQ   limit of quantitation 360 

MK   menaquinone 361 

MS   mass spectrometry 362 

NIST   National Institute of Standards and Technology  363 

NMI   National Measurement Institute of Australia 364 

PK   phylloquinone 365 

RPD   relative percent difference  366 

UHPLC  ultra HPLC 367 
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Table 1. Purchase location and preparation of cheese, yoghurt and meat products purchased in Australia 516 
Sample description Primary 

samples, n 
Purchase location(s) Preparation Country of origin 

Cheese, cheddar 18 Sydney, Melbourne, Perth None All samples: 96-99+% ingredients of Australian or New Zealand origin 

Cheese, feta 6 Sydney None 3 samples: Australia 
2 samples: Denmark 
1 sample: Greece 

Cheese, mozzarella 12 Sydney, Perth None All samples: 95-99% ingredients of Australian or New Zealand origin 

Cheese, brie or camembert 6 Melbourne None 5 samples: Australia 
1 sample: Denmark 

Cheese, cream cheese, regular fat 6 Melbourne None All samples: 95-100% ingredients of Australian origin 

Cheesecake, plain or flavoured 6 Melbourne None 2 samples: 47-74% ingredients of Australian origin 
4 samples: origin unknown 

Yoghurt, flavoured or added fruit, full fat (3-5% fat) 18 Sydney, Melbourne, Perth None All samples: 83-99% ingredients of Australian origin 
Yoghurt, flavoured or added fruit, reduced fat (1-2% fat) 18 Sydney, Melbourne, Perth None All samples: 90-99% ingredients of Australian origin 
Beef mince, regular fat  18 Sydney, Melbourne, Perth Pan fried without oil Australia 
Beef, steak, semi-trimmed  18 Sydney, Melbourne, Perth External fat removed, 

grilled 
Australia 

Beef sausage  18 Sydney, Melbourne, Perth Grilled/BBQ/pan fried 13 samples: 92-99% ingredients of Australian origin 
5 samples: origin unknown 

Chicken, leg meat with skin 18 Sydney, Melbourne, Perth Baked Australia 

Chicken, skinless breast fillets  18 Sydney, Melbourne, Perth Pan fried without oil Australia 

Kangaroo, steak 6 Melbourne Pan fried without oil Australia 

Lamb, chops, semi-trimmed,  18 Sydney, Melbourne, Perth Grilled Australia 

Liver, lamb 6 Melbourne Pan fried without oil Australia 

Lard and dripping 6 Melbourne None 5 samples: Australia 
1 sample: 95% ingredients of Australian origin 

Pork Chops, semi-trimmed 18 Sydney, Melbourne, Perth Grilled/BBQ Australia 
Pork, minced 18 Sydney, Melbourne, Perth Pan fried without oil Australia 

Bacon, partly trimmed  18 Sydney, Melbourne, Perth Pan fried without oil 12 samples: 10-21% ingredients of Australian origin 
6 samples: origin unknown 

Ham, sliced 12 Sydney, Perth None Australia, North America, Europe 

Salami, regular fat 6 Melbourne None All samples: 92-100% ingredients of Australian origin 

     

 517 
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Table 2. PK and MK -4 to -10 content of cheese, yoghurt and meat products purchased in Australia 518 
 519 
Product Primary 

samples 
Analytical 
samples 

Moisture Fat PK MK-4 MK-5 MK-6 MK-7 MK-8 MK-9 MK-10 

 (n) (n) g/100 g g/100 g (µg/100 g) 
Cheese, Cheddar 18 3 36 ± 2 33 ± 2 2.8 ± 0.3 9.1 ± 2.1 1.1 ± 0.3 < LOQ < LOQ 4.0 ± 2 8.1 ± 1.8 < LOQ 
Cheese, feta 6 1 58 ± 0 20 ± 1 1.9 6.3 < LOQ < LOQ < LOQ < LOQ 4.2 < LOQ 
Cheese, Mozzarella 12 2 48 ± 2 22 ± 2 1.9 ± 0.4 5.5 ± 1.0 < LOQ < LOQ < LOQ < LOQ 1.2 ± 0.6 < LOQ 
Cheese, Brie or Camembert 6 1 46 32 3.0 24 < LOQ < LOQ < LOQ < LOQ 5.6 < LOQ 
Cheese, cream cheese, regular fat 6 1 57 30 3.0 12 1.0 < LOQ < LOQ < LOQ 1.8 < LOQ 
Cheesecake, plain or flavoured 6 1 40 15 3.0 6.2 < LOQ < LOQ < LOQ < LOQ 1.7 < LOQ 
Yoghurt, flavoured or added fruit, full fat 18 3 76 ± 2 4.4 ± 1.1 0.5 ± 0 1.8 ± 0.3 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Yoghurt, flavoured or added fruit, reduced fat 18 3 81 ± 1 1.4 ± 0.4 < LOQ 0.2 ± 0.3 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Beef mince, regular fat 18 3 54 ± 5 18 ± 1 2.0 ± 0.3 8.2 ± 2.1 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Beef steak, semi-trimmed 18 3 66 ± 2 5.9 ± 1.3 0.8 ± 0.1 2.4 ± 0.5 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Beef, sausage 18 3 57 ± 2 19 ± 0 3.8 ± 0.9 11 ± 3 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Chicken, leg meat with skin 18 3 67 ± 3 8.4 ± 1.5 < LOQ 58 ± 9 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Chicken, skinless breast fillets 18 3 68 ± 0 2.7 ± 0.6 < LOQ 27 ± 5 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Kangaroo steak 6 1 68 2.4 0.84 1.4 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Lamb, chops, semi-trimmed 18 3 60 ± 2 13 ± 1 1.4 ± 0.9 12 ± 3 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Liver, lamb 6 1 66 9.3 4.9 2.6 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Lard dripping 6 1 0.7 99 4.0 10 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Pork chops, semi-trimmed 18 3 63 ± 3 6.5 ± 1.8 < LOQ 5.0 ± 2 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Pork, minced 18 3 57 ± 4 15 ± 2 < LOQ 8.1 ± 1.7 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Bacon, partly trimmed 18 3 48 ± 6 18 ± 4 < LOQ 16 ± 3 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Ham, sliced 12 2 74 ± 0 3.7 ± 0.6 < LOQ 3.9 ± 0.9 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Salami, regular fat 6 1 42 29 1.8 16 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
Concentrations are presented as the mean of duplicated or triplicated analyses for foods with one analytical sample. For foods with two or more analytical samples, concentrations are presented as the 520 
mean of duplicated or triplicated analyses across cities ± standard deviation 521 
LOQ = 0.5, 0.5, 1, 1, 2.5, 5, 1 and 5 µg/100 g for PK, MK-4, MK-5, MK-6, MK-7, MK-8, MK-9 and MK-10, respectively 522 
LOQ, limit of quantitation; MK, menaquinone; PK, phylloquinone 523 


	2. Materials and methods
	2.1 Sampling and sample preparation
	2.2 Analysis
	2.3 Data handling of the results
	3.1. Analytical quality assurance results
	3.2 Analytical results

	4. Discussion
	6. References

