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Abstract 

Background: The role of vitamin K in maintaining normal blood coagulation is well 

established, however on-going research has suggested that vitamin K may have other 

roles in areas such as bone health, cardiovascular health, cognitive function and anti-

inflammatory function. There are currently few data available on vitamin K intakes in 

nationally representative samples of population groups (partly due to limited 

composition data for vitamin K and its individual components) and the European Food 

Safety Authority (EFSA) have recently outlined the need for further data on vitamin 

K1 and vitamin K2 intakes in European population groups.  

Objectives: The aim of this thesis was to estimate the intake, adequacy and dietary 

sources of vitamin K1 and vitamin K2 in nationally representative samples of the Irish 

population aged 1-90 years. A further aim was to investigate any changes in vitamin 

K1 or vitamin K2 intakes and sources in school-aged children between 2003-04 and 

2017-18 using data from two nationally representative surveys of Irish children (5-

12y), which used similar methodologies for dietary assessment. To facilitate 

estimation of these intakes, a key aim of this thesis was to update the Irish Food 

Composition Database (IFCD) (2012) with composition data for vitamin K1 and 

vitamin K2.  

Methods: The IFCD (2012) consists of dietary data collected via weighed/semi- 

weighed food diaries during four national dietary surveys carried out by the Irish 

Universities Nutrition Alliance (www.iuna.net) over the last 20 years. These surveys 

included the National Pre-school Nutrition Survey (1-4y) (2010-11), the National 

Children’s Food Survey (5-12y) (2003-04), the National Teens’ Food Survey (13-17y) 

(2005-06) and the National Adult Nutrition Survey (18-90y) (2008-10). Each food and 

beverage consumed across these surveys were assigned a unique food code depending 

on its food descriptor and nutritional profile (n 3443). All food codes in the IFCD 

(2012) required a vitamin K1, menaquinone-4 (MK-4) and menaquinone-5-10 (MK-

5-10) composition value. As there are no analytical composition data available for 

vitamin K1 or vitamin K2 content of foods in Ireland, composition data were obtained 

from other analytical sources as this is considered to be an appropriate method for 

estimating nutrient content when direct analysis is not feasible. For vitamin K1 and 

vitamin K2, composition data were assigned to each food code using published 

analytical values from the UK Composition of Foods Integrated Dataset, the United 

http://www.iuna.net/
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States Department of Agriculture National Nutrient Database or published papers, 

recipe calculation based on individual ingredients, and nutritional information on 

product labels. Foods that were either not fermented or not of animal origin were 

assigned a composition value of 0µg for all menaquinones. For a small number of food 

codes, vitamin K1 values were assigned based on the fat content of a similar product 

or assigned a composition value of zero where no composition data were available. 

Using the updated composition data, the distribution of vitamin K1 and vitamin K2 

intakes and adequacy (for vitamin K1) in the Irish population were carried out using 

SPSS© for Windows™ Version 22.0. Differences in intakes of vitamin K1 and vitamin 

K2 between gender or age groups were assessed using independent sample T-tests. The 

percent contribution of each food group to the mean daily intake of vitamin K1, MK-4 

and MK-5-10 was calculated by the mean proportion method. 

Results: For vitamin K1, 53% of food codes were assigned composition values from 

published analytical data, 31% were recipes calculated at ingredient level and 16% 

were assigned a value based on nutritional information on product labels or other 

methods. Herbs (213-3220µg/100g) and ‘vegetable & vegetable dishes’ (0-

840µg/100g) were the most concentrated foods with vitamin K1 in the database. For 

vitamin K2, 48% of food codes were assigned a value of 0µg, 16% were assigned 

composition data from published analytical data, 25% were recipes calculated at 

ingredient level and 11% were assigned a composition value based on nutritional 

information on product labels or other methods. Foods highest in MK-4 were ‘meat & 

meat products’ (0-28µg/100g), ‘eggs & egg dishes’ (2.2-15µg/100g) and ‘butter, 

spreading fats & oils’ (0-15µg/100g). Foods highest in MK-5-10 were ‘meat & meat 

products’ (0-341µg/100g), ‘cheese’ (24-72µg/100g) and ‘eggs & egg dishes’ (0-

28µg/100g). 

Vitamin K1 intakes and sources were estimated in Irish children aged 1-17 years. The 

key finding of this study was that the mean intakes of vitamin K1 for Irish pre-school 

children (2.2µg/kg/d) and school-aged children (1.3µg/kg/d) were above the EFSA 

Adequate Intake (AI) of 1µg/kg/d (required to maintain normal blood coagulation). 

However, the mean vitamin K1 intake for Irish teenagers (0.9µg/kg/d) was below the 

same AI. ‘Vegetable & vegetable dishes’ was the key source of vitamin K1 (26%-

32%), the majority of which was attributable to ‘green vegetables’ (15%-16%). The 

contribution from fruit to vitamin K1 intake was higher in preschool children (14%), 
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compared to school aged children and teenagers (4-7%). ‘Potatoes & potato products’ 

contributed 15-17% of vitamin K1 intakes in the older age groups (5-12y and 13-17y).  

Vitamin K2 intakes and sources were estimated in the Irish population aged 1-90 years. 

Mean intakes of MK-4-10 ranged from 40-55µg/d (range across age group) in Irish 

children aged 1-17 years and from 42-58µg/d in adults 18-90 years. With regard to the 

individual menaquinones, mean intakes of MK-4 ranged from 8-13µg/d, with ‘meat 

& meat products’ (50-67%) and ‘milk’ (8-25%) the key sources of MK-4 across the 

population groups. Mean intakes of MK-5-10 ranged from 32-45µg/d, with ‘meat & 

meat products’ (44-61%) and ‘cheese’ (21-37%) the key sources of MK-5-10. Of the 

‘meat & meat products’, sausages accounted for between 27-51% of MK-5-10 intakes. 

There was no difference in the intake of vitamin K1 or vitamin K2 between 2003-04 

and 2017-18. The key source of vitamin K1 in both surveys was ‘vegetable & vegetable 

dishes’. ‘Meat & meat products’ was the key source of MK-4 and MK-5-10 in both 

studies. 

Conclusion: Vitamin K1 intakes in Irish children aged 1-4 and 5-12 years were 2.2 

and 1.3µg/kg/d, respectively, which are above the AI of 1µg/kg/d set by EFSA to 

maintain normal blood coagulation however, intakes in teenagers aged 13-17 years 

(0.9µg/kg/d) were below the AI. ‘Vegetable & vegetable dishes’ was the key source 

of vitamin K1 in Irish children of all age-groups (26-32%). For vitamin K2, mean 

intakes of MK-4 and MK-5-10 ranged from 8-13µg/d and 32-45µg/d, respectively in 

the Irish population aged 1-90 years. ‘Meat & meat products’ was the key source of 

MK-4 (50-67%) and MK-5-10 (44-61%) in both children and adults in Ireland. For 

school-aged children, there was no difference in the intake or sources of vitamin K1 or 

vitamin K2 between 2017-18 and 2003-04. The data presented in this study will add to 

the small pool of data available on vitamin K1 and vitamin K2 intakes and sources in 

nationally representative samples of population groups. The Irish food composition 

database for vitamin K1 and vitamin K2 will support future researchers in the 

assessment of vitamin K intakes at individual or population level.  



Chapter 1  

Literature Review 
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Introduction 

Vitamin K is the name given to a family of fat soluble compounds with a common 

chemical structure of 2-methyl 1,4-naphtoquinone but differ in the length and degree 

of saturation of their side chain (Shearer, 1995). Vitamin K consists of vitamin K1 

(phylloquinone) and vitamin K2 (menaquinones). Vitamin K1 contains a phytyl side 

chain of 4 prenyl units and is the primary form of vitamin K in the diet, present in all 

photosynthetic plants (Gross et al., 2006, Shearer and Newman, 2008). Menaquinones 

contain an unsaturated side chain of varying length from 4 to 13 repeating isoprenoid 

units, denoted as MK-n where n signifies the number of isoprenoid units.  

Menaquinones are exclusively synthesized by bacteria (with the exception of 

menaquinone-4 (MK-4)) including bacteria capable of food fermentation and bacteria 

present in the human intestine, however, the contribution from gut derived 

menaquinones to vitamin K requirements is not yet fully understood (Conly et al., 

1994, Suttie, 1995, Karl et al., 2017). MK-4 differs from the other menaquinones as 

is not produced by bacteria. It is formed in mammals from the tissue specific 

conversion from vitamin K1 or menadione (which is a synthetic form of vitamin K that 

may be added to animal feed) (Dialameh et al., 1971, Davidson et al., 1998, EFSA 

Panel on Additives and Products or Substances used in Animal Feed, 2014). 

Consequently, menaquinones are found in foods of animal origin and fermented food 

products (Koivu-Tikkanen et al., 2000, Schurgers and Vermeer, 2000, Manoury et al., 

2013, Vermeer et al., 2018, Tarvainen et al., 2019).  

The bioavailability of vitamin K (and its individual components) from food is 

influenced by a number of factors including the form of the vitamin, the food matrix 

in which the vitamin is embedded, the presence of dietary fat and inter-individual 

differences (Gijsbers et al., 1996, Booth et al., 1997, Garber et al., 1999, Schurgers 

and Vermeer, 2000, Schurgers et al., 2007, Sato et al., 2012). 

The long standing metabolic function of vitamin K in the body is as a co factor for the 

enzyme gamma glutamyl carboxylase that catalyses the post translational 

carboxylation of glutamic acid residues into carboxyglutamic acid residues; this 

results in the activation of the Vitamin K Dependent (VKD) proteins which include 

proteins involved in blood coagulation (Suttie, 1992, Stafford, 2005). There is on-

going evidence emerging for a role of vitamin K in extra hepatic functions, which 
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include bone health, cardiovascular health, cognitive and anti-inflammatory functions 

(Booth, 2009, Vermeer, 2012, Halder et al., 2019, Simes et al., 2020). However, when 

the dietary supply of vitamin K is not sufficient to support all bodily functions, the 

carboxylation of VKD proteins involved in blood coagulation take priority over extra 

hepatic VKD proteins (McCann and Ames, 2009). This results in unfavourable levels 

of undercarboxylated extra hepatic Gla proteins such as osteocalcin (which plays a 

key role in bone metabolism) which have been reported in both adults and children 

globally (Binkley et al., 2000, O'Connor et al., 2007, Van Summeren et al., 2007, 

Hayes et al., 2016, Popko et al., 2018). Improvements in the carboxylation of the VKD 

proteins have been reported from increased intakes of vitamin K in supplementation 

studies, suggesting that current dietary recommendations and intakes may not be 

sufficient for the carboxylation of all VKD proteins (Binkley et al., 2000, Binkley et 

al., 2002, Van Summeren et al., 2009, Dalmeijer et al., 2012, Theuwissen et al., 2012, 

Knapen et al., 2013, Knapen et al., 2015). 

This review aims to summarise the current dietary guidelines for vitamin K, sources 

of vitamin K composition data and dietary intakes and sources of vitamin K in 

nationally representative samples of population groups in Europe and the US. For 

inclusion in this review, data on vitamin K intakes had to be published in scientific 

reports or journal articles and the dietary data collected via food records or 24hr recalls 

or Food Frequency Questionnaires (FFQ). Food composition databases that contained 

values for vitamin K were identified by first examining the databases held by the 

European Food Information Resource (EuroFIR) followed by on-line searches for 

further data.
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Dietary recommendations for vitamin K 

Dietary recommendations for vitamin K are outlined in Tables 1 and 2 and are 

summarised below.  

The current recommendations for vitamin K across Europe and the US are generally 

for vitamin K1 only and are based on its function in maintaining blood coagulation. 

The European Food Safety Authority (EFSA) (2017) has set an Adequate Intake (AI) 

of 1.0µg/kg/d for all age and sex population groups for vitamin K1 only (EFSA 

Panel on Dietetic Products et al., 2017). The AI of a nutrient is the average observed 

nutrient intake by a population group of apparently healthy people that is assumed to 

be adequate and is set when insufficient data are available to set an Estimated Average 

Requirement (EAR). 

The Nordic Council of Ministers (NCM) (2014) recommend an intake of 1µg/kg/d of 

vitamin K1 for adults and children (Nordic Council of Ministers, 2014).  

In 2004, the World Health Organisation (WHO) set a Recommended Nutrient Intake 

(RNI) of 1µg/kg/d of vitamin K1 for all age groups (WHO/FAO, 2004). The RNI is 

the amount of a nutrient that ensures the needs of nearly all the population (97.5%) are 

being met. 

The US Institute of Medicine (IOM) (2001) has set an AI for vitamin K for adults and 

children based on the highest median intake of vitamin K (assumed to be vitamin K1) 

observed in the US National Health and Nutrition Examination Survey III (Institute of 

Medicine, 2001). The AI for children aged 1-3 and 4-8 years was set at 30 and 55µg/d, 

respectively. For older children aged 9-13 and 14-18 years, the AI was 60 and 75µg/d, 

respectively. The AI for men and women of all ages was set at 120 and 90µg/d, 

respectively. 

The UK Department of Health (DoH) (1991) reported that intakes of 1µg/kg/d of 

vitamin K1 seemed safe and adequate for adults. The DoH did not provide a guideline 

for children (Department of Health, 1991).  

For vitamin K2, the EFSA stated that there is currently uncertainties surrounding the 

function, content and metabolism of the menaquinones in the body and consequently 

recommendations for vitamin K2 cannot be set (EFSA Panel on Dietetic Products et 

al., 2017). 
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*Based on intake of 1µg per kg body weight per day 

**µg per kg body weight per day 

1 EFSA Panel on Dietetic Products et al. (2017) 

2 Nordic Council of Ministers (2014) 

3 WHO/FAO (2004) 

4 Institute of Medicine (2001) 

5 Department of Health (1991)

Table 1. Dietary reference values for vitamin K for adults in Europe and the US  

 

European Food 

Safety Authority1 

(2017)* 

Nordic Council 

of Ministers2 

(2014) 

World Health 

Organisation3 

(2004)* 

Institute of 

Medicine4 

(2001) 

Department of 

Health5 

(1991) 

Age ≥ 18 ≥ 18 >18 >18 ≥18 

Men (µg/d) 70 1** 65 120 1** 

Women (µg/d) 70 1** 55 90 1** 
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*Based on intake of 1µg per kg body weight per day 

1 EFSA Panel on Dietetic Products et al. (2017) 

2 WHO/FAO (2004) 

3 US Institute of Medicine (2001) 

 

 

 

 

 

Table 2. Dietary reference values for vitamin K for children in Europe 

and the US 

 Age  µg/d 

European Food Safety Authority1 

(2017)* 
1-3 years  12 

4-6 years 20 

7-10 years 30 

11-14 years 45 

15-17 years 65 

   

World Health Organisation2 (2004)* 1-3 years  15 

4-6 years 20 

7-9 years 25 

10-18 years 35-55 

   

US Institute of Medicine3 (2001) 1-3 years  30 

4-8 years 55 

9-13 years 60 

14-18 years  75 
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Food Composition data for vitamin K1 and vitamin K2 

Country specific food composition databases that report the vitamin K content of foods 

are outlined in Table 3 and summarised in this section. 

Food composition databases are necessary for the estimation of nutrient intakes in 

population groups and are the foundation behind national dietary surveys and 

epidemiological research (Williams, 2005). Composition databases reporting the 

vitamin K content of foods are limited throughout Europe and further afield (Shearer 

and Bolton-Smith, 2000, Elmadfa and Meyer, 2010) and the EFSA have recently 

highlighted the need for analytical data reporting the vitamin K1 and vitamin K2 

content of foods (EFSA Panel on Dietetic Products et al., 2017).  

In order to compile a list of composition databases reporting the vitamin K (vitamin 

K1, vitamin K2 or total vitamin K) content of foods, composition databases listed in 

the European Food Information Resource (EuroFIR) were reviewed for vitamin K 

composition data. EuroFIR is an international, independent broker that validates and 

encourages the use of food composition data in research and industrial environments. 

Of the 27 composition databases reviewed on EuroFIR, 10 composition databases 

included the vitamin K content of foods, the majority of which were not 

comprehensive and were missing data. The UK Composition of Foods Integrated 

Dataset (COFID) reported the vitamin K1 composition of foods analysed directly and 

using published analytical data from a ‘provisional’ composition database reported by 

Bolton-Smith et al. (2000) (Public Health England Composition of Foods Integrated 

Dataset, 2015). Analytical values for the MK-4 composition of eggs were also 

included in the UK COFID (Public Health England Composition of Foods Integrated 

Dataset, 2015). The United States Department of Agriculture (USDA) National 

Nutrient Database analysed the vitamin K1 composition of a wide variety of foods and 

the MK-4 composition of predominantly meats and foods of animal origin (USDA 

National Nutrient Database for Standard References Release 28, 2015). Other food 

composition databases as discussed below include vitamin K values derived using a 

combination of methods including obtaining analysed data from other countries or 

from the literature, estimating values via recipe calculation or applying values based 

on that of similar foods. Composition databases report vitamin K composition in this 

manner in Denmark and Germany (for vitamin K1), in France and Turkey (for vitamin 
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K1 and K2), in Finland, Sweden and the Netherlands (for total vitamin K) and in Italy 

(for vitamin K1, MK-4 and dihydrophylloquinone (formed from the hydrogenation of 

vitamin K1 rich oils) (Technical University of Denmark, 2007, Anses/CIQUAL, 2013, 

TürKomp Turkish Food Composition Database, 2014, Food Composition Database 

Italy (BDA), 2015, Dutch Nutrients Database (NEVO), 2016, German Food Code and 

Nutrient Database, 2017, Swedish National Food Database, 2017, Finnish National 

Food Composition Database, 2019).  

In addition, some researchers have compiled vitamin K composition databases that 

include vitamin K composition data for a number of foods based on published 

analytical values, recipe calculation and similar vitamin K content of another product. 

Examples of these include databases of vitamin K1 for UK foods by Bolton-Smith et 

al. (2000) and for US foods by Booth et al. (1993). Both studies reported the vitamin 

K1 content of vegetables, fruits, grains and cereals, beverages, dairy and meats. 

Vegetables, especially green vegetables, were consistently reported as highly 

concentrated with vitamin K1. However, it is important to note that there may be 

variations in the vitamin K1 content of green vegetables depending on the level of 

maturation of the vegetable and the layer or part of the vegetable analysed (Ferland 

and Sadowski, 1992b). Other smaller studies reporting the vitamin K1 content of foods 

have highlighted that herbs and some oils are high in vitamin K1, which consequently 

increase the vitamin K1 content of mixed dishes and food products (such as salad 

dressings and condiments) in which they are added as ingredients (Peterson et al., 

2002, Dumont et al., 2003, Presse et al., 2015, Finnan et al., 2017). As vitamin K1 is 

highly sensitive to light, there may be a decrease in the vitamin K1 content of 

commonly consumed oils of over 90% if exposed to daylight/fluorescent light 

(Ferland and Sadowski, 1992a). The vitamin K1 content of nuts and fruits were 

reported in a small study in the US with the majority of these foods containing low 

concentrations of vitamin K1 with the exception of some berries and green fruits 

(Dismore et al., 2003). Vitamin K1 has also been reported in low concentrations in 

meat, poultry and dairy, and in grains such as rice, pasta and cereals in smaller studies 

in Europe and the US (Schurgers and Vermeer, 2000, Elder et al., 2006, Ferreira, 2006, 

Fu et al., 2017).  

For total and/or individual menaquinones, there are limited composition data included 

in composition databases. MK-4 is found in foods of animal origin due to the tissue 
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specific conversion of menadione present in animal feed or from phylloquinone 

(Thijssen et al., 2006, Okano et al., 2008). MK-4 composition data has been reported 

for a small number of foods in Europe and the US (Koivu-Tikkanen et al., 2000, 

Schurgers and Vermeer, 2000, Elder et al., 2006, Ferreira, 2006, Manoury et al., 2013, 

Fu et al., 2016, Finnan et al., 2017, Fu et al., 2017, Vermeer et al., 2018). 

The longer chained menaquinones (MK-5-13) are exclusively synthesized by bacteria 

including bacteria capable of food fermentation and thus the concentration and forms 

of the menaquinones present in a food are highly dependent on the starter culture used 

and the fermentation conditions (Walther et al., 2013). Analytical data for foods in 

Europe and the US have highlighted high concentrations of the longer chained 

menaquinones in dairy products, especially cheese, and fermented foods and a recent 

study in the US was the first to report high concentrations of menaquinone forms, 

specifically MK-10, in processed pork products (Koivu-Tikkanen et al., 2000, 

Schurgers and Vermeer, 2000, Manoury et al., 2013, Fu et al., 2016, Fu et al., 2017, 

Tarvainen et al., 2019).  

Dietary intakes 

 Vitamin K1 intakes and sources in children 

The intakes and sources of vitamin K1 in nationally representative samples of children 

are outlined in Table 4 and are summarised in this section. Vitamin K1 intake data is 

available in national surveys for children in Ireland, the UK, Austria, Greece (assumed 

to be vitamin K1) and the US, with intakes ranging from 24-79µg/d in children aged 

4-19 years. There were differences in dietary assessment methodologies used between 

countries and estimated intakes were reported as either mean intake (Irelands, Austria 

& the US), geometric mean (UK), or usual intakes (Greece).  

Preliminary vitamin K1 intakes and sources (using limited composition data) in Irish 

children aged 5-12 years (n 594) were estimated using dietary data collected via a 7-

day weighed food record during the National Children’s Food Survey (NCFS) (2003-

04) (Hannon et al., 2007). Mean vitamin K1 intake in girls aged 5-8 and 9-12 years 

was 36.7 and 39.7µg/d, respectively. Mean vitamin K1 intake in boys aged 5-8 and 9-

12 years was 34.2 and 41.0µg/d, respectively. ‘Vegetables & vegetables dishes’ was 

the key source of vitamin K1 (30%), followed by ‘potatoes & potato products’ (14%) 

and ‘meat & meat products’ (10%).  
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The intakes and sources of vitamin K1 in 4 year old British children between 1950 and 

the 1990s were compared using data from the longitudinal Medical Research Council 

National Survey of Health and Development (1950) (NSHD) and the National Diet 

and Nutrition Surveys (1992/3 and 1997) (NDNS) (Prynne et al., 2005). The NSHD 

used a 24h recall to collect dietary data whilst the NDNS used a 4-day and a 7-day 

weighed food diary in 1992/3 and 1997, respectively. Geometric mean vitamin K1 

intakes of 4-year-old children in the 1950s (n 4411) and 1990s (n 291) were 39µg/d 

(or 2.3µg/kg/d) and 24µg/d (or 1.4µg/kg/d), respectively. The contribution from 

vegetable and vegetable products was significantly higher in 1950 compared to the 

1990s (60% vs 48%), primarily due to the decrease in the consumption of green leafy 

vegetables from 1950 to the 1990s. Potatoes, meat, fish and their products and biscuits, 

cakes and pastries made a higher contribution to the mean intake of vitamin K1 in the 

1990s compared to the 1950s. 

The Austrian Dietary Survey (2012) collected dietary data from 163 girls and 169 boys 

aged 7-14 years using a 3-day food record (Elmadfa et al., 2012). Mean vitamin K1 

intakes were reported for girls and boys aged 7-9 years (girls; 75µg/d, boys; 67µg/d), 

10-12 years (girls: 59µg/d, boys: 71µg/d) and 13-14 years (girls: 61µg/d, boys: 

69µg/d). Sources of vitamin K1 were not reported. 

The GENESIS study (2003-2004) assessed the nutrient intake of a representative 

sample of pre-school children in Greece aged 1-5 years (n 2374) using a 3-day food 

record (2 consecutive weekdays and 1 weekend day) (Manios et al., 2008). The usual 

intake of vitamin K (assumed to be vitamin K1) was 32.2µg/d. Sources of vitamin K 

were not reported.  

Mean vitamin K1 intakes were reported by the National Health and Nutrition 

Examination Survey (NHANES) (2015-2016) in the US with the collection of dietary 

intake data using 2x24hr recalls (US Department of Agriculture, 2018). For girls aged 

2-5, 6-11 and 12-19 years, mean vitamin K1 intakes were 48.2, 62.8 and 73.9 µg/d, 

respectively. Mean vitamin K1 intakes for boys aged 2-5, 6-11 and 12-19 years were 

55.4, 62.9 and 78.6µg/d, respectively. Sources of vitamin K1 were not reported.  

Vitamin K1 intakes and sources in adults 

The intake and sources of vitamin K1 in nationally representative samples of adults 

are outlined in Table 5 and are summarised in this section. Vitamin K1 intake data are 



 

11 
 

available in national surveys for adults in Ireland, the UK, Austria, Germany, Spain, 

the US and Korea, with intakes ranging from 45-243µg/d in adults aged 15->90 years. 

Similar to that previously outlined for children and teenagers, there were differences 

in dietary assessment methodologies used between countries and intakes were reported 

as either mean (Ireland, Austria, the US & Spain), geometric mean (UK) or median 

(Germany).  

Dietary data collected during the National Adult Nutrition Survey (NANS) (2008-10)  

of adults 18-90 years and the North/South Ireland Food Consumption Survey 

(NSIFCS) (1997-99) of adults aged 18-64 years have reported the vitamin K1 intakes 

and sources in nationally representative samples of adults in Ireland (Duggan et al., 

2004, Hayes et al., 2016). Habitual food and beverage intake data was collected using 

a 4-day semi weighed food record in the NANS (n 1500) and a 7-day weighed food 

record in the NSIFCS (n 1379). The mean intake of vitamin K1 in the NANS was 

reported by gender for adults aged 18-35 years (women: 71.3µg/d, men: 79.8µg/d), 

36-50 years (women: 86.2µg/d, men: 86.7µg/d), 51-64 years (women: 97.8µg/d, men: 

97.9µg/d) and >65 years (women: 91.5µg/d, men: 83.4µg/d) (Hayes et al., 2016). The 

mean intake of vitamin K1 in the NSIFCS was reported by gender for adults aged 18-

35 years (women: 75.2µg/d, men: 77.6µg/d), 36-50 years (women: 78.3µg/d, men: 

89.3µg/d) and 51-64 years (women: 81.7µg/d, men: 86.8µg/d) (Duggan et al., 2004).  

Overall, there was no difference in mean intake of vitamin K1 in adults 18-50 years 

between 2008-10 and 1997-99 however, intakes increased significantly (P = 0.009) in 

the 51-64 year age group over the 10-year period. For both the NANS and the NSIFCS, 

vegetable and vegetable dishes were the key source of vitamin K1 (44-49%), of which 

green vegetables contributed 25-33%. Meat and meat products (6-10%), potato and 

potato products (4-10%) and dairy and fat spreads (7-12%) were important 

contributors to intakes of vitamin K1 in both the NANS and the NSIFCS.   

The geometric mean intake of vitamin K1 in British adults aged 16-64 years 

significantly decreased in 2000-01 compared to the national nutrition survey in 1986-

87 (Thane et al., 2006a). A 7-day weighed food diary was used to collect dietary data 

in the Dietary and Nutrition Survey of British adults aged 16-64 years in 1986-1987 

(n 1916) and the National Diet and Nutrition Survey (NDNS) of adults aged 19-64 

years in 2000-01 (n 1423). The geometric mean vitamin K1 intake in adults from the 

UK aged 16-64 years in 1986-87 was 72µg/d (1µg/kg/d) and 67µg/d (0.9µg/kg/d) in 
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2000-01. In 1986-87, geometric mean vitamin K1 intakes were reported for adults aged 

16-34 years (women: 53µg/d, men 70µg/d), 35-44 years (women: 66µg/d, men: 

82µg/d), 45-54 years (women: 75µg/d, men: 89µg/d) and 55-64 years (women: 

76µg/d, men 90µg/d). In 2000-01, geometric mean vitamin K1 intakes were reported 

for adults aged 19-34 years (women: 51µg/d, men: 59µg/d), 35-44 years (women: 

62µg/d, men: 68µg/d), 45-54 years (women: 73µg/d, men: 82µg/d) and 55-64 years 

(women: 79µg/d, men: 83µg/d). Vegetable and vegetable dishes were the top 

contributor to intakes in both surveys (60-63%). Of this, leafy green vegetables 

accounted for 19-23% of vitamin K1 intakes. Cereal and cereal products contributed 

11% of vitamin K1 intakes across both surveys followed by meat and meat products 

(6-8%) and fat spreads (4%). 

The intakes and sources of vitamin K1 were also reported in a national sample of 

British elderly (>65 years) (n 1091) according to socio- demographic and lifestyle 

factors (Thane et al., 2002b). Dietary data was collected via a 4-day weighed diary in 

the NDNS 1994-95. Geometric mean vitamin K1 intake was 61µg/d (0.99µg/kg/d) and 

70µg/d (0.94µg/kg/d) for women and men, respectively. Stratified by age, intakes 

were 66µg/d, 57µg/d and 45µg/d in women aged 65-74, 75-84 and >85 years, 

respectively. Stratified by age, intakes were 72µg/d, 68µg/d, and 54µg/d in men aged 

65-74, 75-84 and >85 years, respectively. Vegetable and vegetable products were the 

key source of vitamin K1 (60%), of which, green vegetables accounted for 28%. Other 

important sources of vitamin K1 were cereals (12%), meat (7%) and fat spreads (4%).  

The German National Nutrition Survey II (2007-10) reported median vitamin K1 

intake of 76µg/d in adults aged 15-80 (n 6160) years using two 24hr recalls to collect 

dietary data (Deutsche Gesellschaft fur Ernahrung, 2012).  

The mean intake of vitamin K1 in a representative sample of Spanish adults (n 1068) 

aged 17-60 years using a 3-day diary to collect dietary data was 170.2µg/d (Ortega 

Anta et al., 2014). Split by gender, mean vitamin K1 intake was 166.4 and 174.2µg/d 

for women and men, respectively. The key contributors to vitamin K1 intake were 

vegetables (45%), fats and oils (13%), pulses (12%), meat (10%), cereals (5%) and 

fruits (5%).  

Mean vitamin K1 intakes reported by the NHANES in the US collected dietary intake 

data using 2x24hr recalls for adults greater than 20 years with vitamin K1 intakes of 
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123.5 and 118.2µg/d for women and men, respectively (US Department of 

Agriculture, 2018). Sources of vitamin K1 were not reported.  

The Austrian Dietary Survey (2012) collected dietary data via two 24hr recall for 

adults aged 18-80 years (n 556) (Elmadfa et al., 2012). Mean vitamin K1 intakes were 

reported for adults aged 18-24 years (women: 109g/d, men: 114µg/d), 25-50 years 

(women: 102g/d men: 89µg/d,), 51-64 years (women: 93 µg/d, men: 93µg/d) and 65-

80 years (women; 117g/d, men; 108µg/d). Sources of vitamin K1 were not reported.  

The Korea National Health and Nutrition Examination Survey (2010-2011) collected 

dietary data using a 24hr recall in 2,785 men and 4,307 women greater than 19 years 

(Kim et al., 2015). Vitamin K1 intake was 243μg/day and 200μg/day for adult men 

and women, respectively. Higher intakes of vitamin K1 in the Korean population are 

due to the consumption of foods that are high in vitamin K1 such as natto and misso.  

Vitamin K2 intakes and sources 

To the best of this author’s knowledge, there are no nationally representative dietary 

surveys that report intakes of vitamin K2 in adults or children in Europe or the US. 

Studies that report the intakes of vitamin K2 were predominantly investigating the 

association of menaquinones with specific health outcomes and are summarised in this 

section.   

The relationship between dietary menaquinones and disease incidence was 

investigated using data from the European Prospective Investigation into Cancer and 

Nutrition (EPIC), which collected dietary data via a semi- quantitative FFQ (Nimptsch 

et al., 2008, Beulens et al., 2009, Gast et al., 2009, Beulens et al., 2010, Nimptsch et 

al., 2010, Vissers et al., 2013, Zwakenberg et al., 2017). These studies investigated 

menaquinone intake (ranging from MK-4 to MK-14 with variations between studies) 

and their association with specific disease outcomes in different cohorts of the EPIC 

study. In general, intakes of the menaquinones in these studies were 29-35µg/d. 

Sources of menaquinones were reported in two of these studies, (which used dietary 

data from the EPIC study) with dairy products (60%), especially cheese (43-53%), and 

meat and meat products (17%) found to be the key contributors to intakes of the 

menaquinones (Nimptsch et al., 2008, Beulens et al., 2010).  

The Hordaland Healthy Study (1997-2000) collected dietary intake data in Norway 

from  men and women born in 1925-1927 and 1950-1951 using a 169 item FFQ and 
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this dietary data was used to analyse the intakes of vitamin K2 and the risk of bone 

mineral density and hip fracture (Apalset et al., 2010, Apalset et al., 2011). Intakes of 

vitamin K2 and its association with bone mineral density ranged from 11.6-15.6 and 

13.2-18.0µg/d in Norwegian women and men aged 47-75 years, respectively (Apalset 

et al., 2010). In an investigation into the association between vitamin K2 intakes and 

the risk of hip fracture in adults aged 71-75 years, vitamin K2 intakes were 10.8 and 

11.9µg/d for women and men with no hip fracture, respectively (Apalset et al., 2011). 

Geleijnse et al. (2004) reported the dietary intake of menaquinones and their 

association with a reduced risk of coronary heart disease for participants of The 

Rotterdam Study (1990-1993). Dutch men and women ≥55 years with dietary data and 

no history of myocardial infarction at baseline were included in the analysis for 

menaquinone intake (n 4807). Dietary data was collected at the time of the Rotterdam 

Study via a validated semi-quantitative FFQ. For women, intakes were 6.3 and 

20.7µg/d for MK-4 and MK-5-10, respectively. Intakes of MK-4 and MK-5-10 were 

7.7 and 23.1µg/d for men, respectively. 

Total vitamin K intakes and sources in children and adults 

The intakes and sources of total vitamin K in nationally representative samples of 

adults and children are outlined in Table 6 and are summarised in this section. Total 

vitamin K intake data are available in national surveys for children in Belgium, the 

Netherlands, Finland and Germany with intakes ranging from 54-409µg/d in children 

aged 3-18 years (Mensink et al., 2007, Hoppu et al., 2010, Buurma-Rethans and Van 

Rossum, 2015, Moyersoen et al., 2017). In adults, total vitamin K intake data are 

available in Belgium, the Netherlands and Finland with intakes ranging from 87-

185µg/d in adults aged 18-96 years (Helldán et al., 2013, Buurma-Rethans and Van 

Rossum, 2015, Moyersoen et al., 2017). However, there are uncertainties and 

inconsistencies on the forms of vitamin K included within the ‘total vitamin K’ 

estimation between countries. The EFSA also reported an overview of total vitamin K 

intakes using dietary data from 13 dietary surveys with intakes ranging from 36-143 

and 72-196µg/d in children aged 1-<18 and adults greater than 18 years, respectively 

(EFSA Panel on Dietetic Products et al., 2017). Different methods of dietary 

assessment were used between countries and intakes were reported as either mean (the 

Netherlands, Finland, Germany), or usual intakes (Belgian).  
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In 2017, the EFSA published its scientific opinion on dietary reference values for 

vitamin K (EFSA Panel on Dietetic Products et al., 2017). During this study, the panel 

aimed to report the observed total vitamin K intakes using food consumption and 

composition data provided to EFSA from 13 dietary surveys across 9 countries. 

Although total vitamin K refers to the sum of vitamin K1 and vitamin K2, this may 

vary by country depending on the available food composition data and therefore, it 

should be noted that EFSA have outlined large uncertainties in the food composition 

data (whether vitamin K1 only or the sum of vitamin K1 and vitamin K2) used to 

calculate total vitamin K intake. Mean total vitamin K intakes were 36-53µg/d and 42-

93 µg/d in children 1-<3 and 3-<10 years, respectively. Mean total vitamin K intakes 

in children 10-<18 years were 68-143µg/d and 72-196µg/d in adults greater than 18 

years. Vegetable and vegetable products were the key source of total vitamin K 

intakes. Composite dishes were also important contributors to intakes of total vitamin 

K due to the ingredients included in the composite dish (vegetables, fats and oils, nuts 

and legumes food group).  

Data from the Belgian Food Consumption Survey (2014) was used to estimate usual 

intakes and sources of total vitamin K for 3200 participants aged 3-64 years 

(Moyersoen et al., 2017). Dietary data was collected using two non-consecutive 24hr 

dietary recalls and a self-administered FFQ for participants aged 10-64 years. For 

children aged 3-9 years, two non-consecutive one-day food diaries and a self-

administered FFQ was used to collect dietary data. Total vitamin K intakes for girls 

aged 3-6, 7-10 and 11-14 years were 54, 58 and 65µg/d, respectively. Total vitamin K 

intakes for boys aged 3-6, 7-10 and 11-14 years were 64, 63 and 69µg/d, respectively.  

Total vitamin K intakes for adolescents aged 15-17 years were 71 and 76µg/d for girls 

and boys, respectively. For adults aged 18-39 years, intakes were 108 and 111µg/d for 

women and men, respectively. Total vitamin intakes at age 40-64 years were 176 and 

185µg/d for women and men, respectively. Vegetables (54%) were the top contributor 

to intakes in the Belgian population followed by dairy products (16%), fruits and nuts 

(11%), fats and oils (9%), sauces, spices and herbs (3.8%) and supplements (0.9%).  

The Dutch National Survey (2007-10) collected dietary data via 2 non-consecutive 

24hr dietary recalls and reported mean intakes of total vitamin K (based on vitamin K 

in vegetables, fruit, legumes and dairy products only) in 3189 children and adults aged 

7-69 years in a memo (Buurma-Rethans and Van Rossum, 2015). Mean total vitamin 
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K intakes were 70 and 80µg/d in girls and boys aged 7-18 years, respectively. Mean 

total vitamin K intakes were 111 and 128µg/d in women and men aged 19-96 years, 

respectively. 

FINDIET 2012 reported the mean daily intake of total vitamin K in Finnish adults 

aged 25-74 years using a 48hr recall (Helldán et al., 2013). Mean total vitamin K 

intakes for women and men aged 25-64 years were 95 and 104µg/d, respectively. 

Mean total vitamin K intakes for women and men aged 65-74 years were 87 and 

99µg/d, respectively. Vegetables contributed 33-40% to the mean intake of total 

vitamin K followed by fats (24-30%) and meat (8-12%).  

A cross sectional study in Finnish seventh grade pupils in 2007 collected food and 

nutrient intake data using questionnaires to assess dietary habits and patterns in 726 

pupils and a computer assisted 48h recall in a sub group of 306 pupils to estimate 

nutrient intake (Hoppu et al., 2010). Students had a mean age of 13.8 years and a mean 

total vitamin K intake of 77 and 82µg/d for girls and boys, respectively.  

The EsKiMo study in Germany assessed the dietary intake of a representative sample 

of children aged 6 to 17 years (n 2644) using a 3-day dietary record (Mensink et al., 

2007). Mean total vitamin K intakes in children aged 6, 7-9 and 10-11 years were 152-

173, 183-199 and 193-206µg/d, respectively. Mean total vitamin K intakes in children 

aged 12, 13-14 and 15-17 years were 316-320, 328-344 and 340-409µg/d, 

respectively. It should be noted that these data appear to overestimate vitamin K 

intakes in German children possibly due to the composition data that were used (EFSA 

Panel on Dietetic Products et al., 2017).  

Mean total vitamin K intake was estimated in Japanese women aged 20-23 years (n 

125) enrolled at Kagawa Nutrition University using dietary data collected over 3 days 

(Kamao et al., 2007). Mean total vitamin K intake was 230.2µg/d. Key sources of total 

vitamin K in this age group were pulses (including fermented soybean products) (45%) 

and vegetables (38%).  

Other relevant studies 

The intake of vitamin K1 and vitamin K2 was reported in 5435 adults greater than 55 

years that participated in the Rotterdam study (Geleijnse et al., 1999). Dietary data 

was collected using a semi-quantitative FFQ. Vitamin K1 intake in the total population 
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was 249µg/d. Split by gender; intakes were 244 and 257µg/d for women and men, 

respectively. Vitamin K2 intakes were reported for both MK-4 and the higher 

menaquinones (MK-5-10). Intakes of MK-4 and MK-5-10 in the total population were 

6.8 and 21.6µg/d, respectively. For women (n 3210), intakes of MK-4 and MK-5-10 

were 6.3 and 20.6µg/d, respectively. For men (n 2225), intakes were 7.5 and 22.9µg/d 

for MK-4 and MK-5-10, respectively.  

The dietary intake of vitamin K1 was reviewed in 11 different studies of adults greater 

than 18 years with results published between 1988 and 1997 (Booth and Suttie, 1998). 

Across all studies, mean intakes of vitamin K1 were consistently higher in older adults 

>55 years (80-210µg/d) than mean intakes in younger adults <45 years (60-110µg/d), 

primarily due to a higher consumption of vegetables in older adults.  

Biomarkers of vitamin K status 

Vitamin K deficiency can be evaluated using coagulation tests such as prothrombin 

time (PT) or activated partial thromboplastin time (APTT). However, they are not 

sensitive measures of vitamin K status as they do not reflect all the roles of vitamin K 

in the body and are not appropriate to assess vitamin K status in population studies 

(Booth and Al Rajabi, 2008, Shea and Booth, 2016). Although there is an association 

between dietary intake of phylloquinone and phylloquinone plasma concentrations, 

this only reflects recent dietary intake and has large ‘within subject’ variation (Booth 

et al., 1997, Sokoll et al., 1997, Booth et al., 1999, Thane et al., 2002a, Thane et al., 

2006b). Similarly, depletion and repletion studies with VKD proteins have highlighted 

rapid changes in plasma concentrations in response to dietary changes and therefore 

cannot be used as a gold standard measure of vitamin K status (Ferland et al., 1993, 

Sokoll et al., 1997, Binkley et al., 2000, Booth et al., 2003) 

Therefore it can be concluded that for vitamin K there is currently no biomarker or no 

optimal level of gamma carboxylation that can be used as a cut off to define vitamin 

K adequacy (EFSA NDA Panel, 2017). 
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Conclusion 

This review aimed to examine the current dietary recommendations available for 

vitamin K, sources of vitamin K composition data and dietary intakes and sources of 

vitamin K in nationally representative samples of population groups in Europe and the 

US. A review of the available dietary reference values for vitamin K1 has shown that 

the recommendation for both adults and children is typically 1µg/kg body weight per 

day even though different dietary reference values have been used to set this value. 

For vitamin K2, there is currently insufficient knowledge available on the function, 

content and bioavailability of menaquinones in the body to set a dietary reference 

value for vitamin K2. There are limited composition data available for vitamin K and 

its separate components. Of the 27 composition databases reviewed on EuroFIR, 10 

composition databases included data on the vitamin K content of foods. The majority 

of these composition databases were not complete for all foods but included published 

analytical data from other countries, values based on similar foods and calculated 

values from recipes for a number of foods. 

Total vitamin K intakes were reported in a number of European studies with intakes 

in children and adults typically ranging from 54-82µg/d and 87-185µg/d, respectively. 

Of the studies that reported sources of total vitamin K, ‘vegetables & vegetable dishes’ 

(33-54%) was the key source.  

Vitamin K1 intakes in nationally representative samples of children and adults across 

Europe and the US generally ranged from 24-79µg/d and 45-174µg/d, respectively, 

with ‘vegetable & vegetable dishes’ the key source of vitamin K1 (29-63%). Data on 

vitamin K2 intakes were not available in national dietary surveys however, vitamin K2 

intakes from other studies generally ranged from 12-35µg/d with dairy products 

(60%), especially cheese (43-53%), and meat and meat products (17%) the key sources 

of vitamin K2. 
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Table 3. Overview of composition databases reporting vitamin K composition data by country 

Country  Form of vitamin K  

Denmark1 Vitamin K1 

Finland2 Total vitamin K  

France3 Vitamin K1, vitamin K2 

Germany4 Vitamin K1 

Italy5 Vitamin K (vitamin K1, MK-4 and dihydrophylloquinone) 

Netherlands6 Total vitamin K  

Sweden7 Total vitamin K  

Turkey8 Vitamin K1, vitamin K2 

United Kingdom9  Vitamin K1, menaquinone-4 

America10 Vitamin K1, menaquinone-4 
     

1 Technical University of Denmark (2007),  

2 Finnish National Food Composition Database (2019) 

3 Anses/CIQUAL (2013) 

4 German Food Code and Nutrient Database (2017) 

5 Food Composition Database Italy (BDA) (2015) 

6
 Dutch Nutrients Database (NEVO) (2016) 

7 Swedish National Food Database (2017) 

8 TürKomp Turkish Food Composition Database (2014) 

9 Public Health England Composition of Foods Integrated Dataset (2015) 

10 USDA National Nutrient Database for Standard References Release 28 (2015) 
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1 Hannon et al. (2007) 2 Elmadfa et al. (2012), 3 Manios et al. (2008), 4 US Department of Agriculture (2018), 5 Thane et al. (2006a) 

Table 4. Overview of national dietary surveys reporting the intakes and sources of vitamin K1 in children 

Country Study Name 

Study 

years 

Dietary assessment 

method 

Age 

(years) Intakes µg/d Sources 

Ireland1 National Children’s Food 

Survey 

2003-04 7-day diary 5-8 36.7 (girls), 34.2 (boys) Vegetable& vegetable 

dishes (29%) 

 

   9-12 39.7 (girls), 41.0 (boys) Potatoes & potato 

products (14%) 

 

     Meat & meat products 

(10%) 

Austria2 Austrian Nutrition Report 2010-12 3-day diary 7-9 75 (girls), 67 (boys) Not provided 

    10-12 59 (girls), 71 (boys)  

       13-14  61 (girls), 69 (boys)  

Greece3 

 

The genesis study 2003-04 3-day diary 1-5 32.2 Not provided 

United States4 

 

National Health and 

Nutrition Examination 

Survey 

2015-16 2*24h recall 2-5 

6-11 

12-19 

48.2 (girls), 55.4 (boys) 

62.8 (girls), 62.9 (boys) 

73.9 (girls), 78.6 (boys) 

Not provided 

United 

Kingdom5 

 

Longitudinal Medical 

Research Council National 

Surveys of Health and 

Development  

1950 24hr dietary recall  4  39 Vegetable & vegetable 

dishes (60%) 

 

National Diet and Nutrition 

Survey  

1992/93-97 4-day/7-day weighed 

diary  

4  24 Vegetable & vegetable 

dishes (48%) 



 

 
 

2
1

 

Table 5. Overview of national dietary surveys reporting the intakes and sources of vitamin K1 in adults  

Country Study Name 

Dietary assessment 

method 

Study 

years 

Age 

(years) 

Intakes µg/d 

(females)  

Intakes µg/d 

(males) Sources 

Austria1 Austrian Nutrition Report 3-day diary 2010-12 18-24 109 114 Not provided 

    25-50 102 89  

    51-64 93 93  

        65-80 117 108   

Ireland2 
National Adult Nutrition 

Survey 

4-day semi weighed 

diary 
2008-10 18-90 84.4 86.0 

Vegetable & vegetable dishes (44-

49%) 

    18-35 71.3 79.8 Meat & meat products (6-10%) 

    36-50 86.2 86.7 Potatoes & potato products (4-8%) 

    51-64 97.8 87.9 Dairy & fat spreads (10-12%) 

    >65 91.5 83.4  

        

 
North South Ireland Food 

Consumption Survey 
7-day weighed diary 1997-99 18-64 75.2 84.2  

    18-35 75.2 77.6 
Vegetable & vegetable dishes 

(48%) 

    36-50 78.3 89.3 Potatoes & potato products (10%) 

        51-64 81.7 86.8 Dairy & fat spreads (10%) 

Germany3 
German National 

Nutrition Survey II 
2*24h recall 2005-07 15-80 76 (Total)  Not provided 

Spain4  3x FFQ  17-60 166.4 174.2 Vegetables (45%) 

              Fats and oils (13%) 

United 

Kingdom5 

Dietary and Nutritional 

Survey of British Adults 
7-day weighed diary 1986-87 16-64 64 80 

Vegetable & vegetable dishes 

(63%) 

    16-34 53 70 Cereals & cereals products (11%) 

    35-44 66 82  

    45-54 75 89  

    55-64 76 90  
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National Diet and 

Nutrition Survey 
7-day weighed diary 2000-01 19-64 64 71 

Vegetable & vegetable dishes 

(60%) 

    19-34 51 59 Cereals & cereals products (11%) 

    35-44 62 68  

    45-54 73 82  

        55-64 79  83   

United 

Kingdom6 

National Diet and 

Nutrition Survey 
4-day weighed diary 1994-95 >65  61 70 

Vegetable & vegetable products 

(60%) 

    65-74 66 72 Cereals (12%) 

    75-84 57 68 Meat (7%) 

    >85 45 54 Fat spreads (4%) 

United 

States7 

National Health and 

Nutrition Examination 

Survey 

2 x 24hr dietary 

recalls 
2015-16 >20 123.5 118.2 Not provided 

Korea8 

The Korea National 

Health and Nutrition 

Examination Survey 

24hr recall 
2010-

2011 
>19 200 243 Not provided 

1 Elmadfa et al. (2012), 2 Hayes et al. (2016), 3 Deutsche Gesellschaft fur Ernahrung (2012), 4 Ortega Anta et al. (2014), 5 Thane et al. (2006a), 6 Thane et al. (2002a) 7 US Department of 
Agriculture (2018), 8 (Kim et al., 2015)



 

 
 

2
3

 

1 Moyersoen et al. (2017), 2 Buurma-Rethans and Van Rossum (2015) 3 Hoppu et al. (2010), 4 Helldán et al. (2013),  5 Mensink et al. (2007), 6 (Kamao et al., 2007)

Table 6. Overview of national dietary surveys reporting the intakes and sources of total vitamin K in adults and children 

Country Study Name Study years 

Dietary 

assessment 

method 

Age 

(years) 

Intakes µg/d 

(females) 

Intakes µg/d 

(males) Sources  

Belgium1 Belgium National Food 

Consumption Survey1 

2014-2015 2*24h recall 3-6  

7-10 

54 

58  

64 

63 

Vegetables (54%) 

Dairy products (16%) 

    11-14 65 69 Fruits and nuts (11%) 

    15-17 71 76 Fats and oils (9%) 

    18-39 176 111 Sauces, spices & herbs (3.8%) 

    40-64 176 185 Supplements (0.9%) 

        

The Netherlands2 Dutch National Survey 2007-10 2*24h recall 7-18 70 80 Not provided  

    19-69 111 128  

Finland3,4 Dietary habits and nutrient 

intake of Finnish 

adolescents 

2007 48hr dietary 

recall 

14 77 82 Not provided 

        

 FINDIET 2012 2012 48hr dietary 

recall 

25-64  95 104 Vegetables 33-40% 

        65-74 87 99 Fats (24-30%) 

Meat (8-12%) 

        

Germany5 EsKiMo 2006 3-day diary 6 152 173 Not provided 

    7-9 183 199  

    10-11 193 206  

    12 316 320  

    13-14 328 344  

       15-17 340 409  

Japan6 Kagwa University 2003 3-day diary 20-23 230.2  Pulses (45%) 
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Aims and objectives  

The overall aim of this thesis was to estimate the intake, adequacy and dietary sources 

of vitamin K1 and vitamin K2 in nationally representative samples of the Irish 

population aged 1-90 years and to examine any changes in vitamin K1 or vitamin K2 

intakes and sources in school-aged children between 2003-04 and 2017-18. To 

facilitate this research, a key aim of this thesis was to update the Irish Food 

Composition Database (IFCD) with composition data for vitamin K1 and vitamin K2. 

This research used data from five national dietary surveys carried out by the Irish 

Universities Nutrition Alliance (www.iuna.net) over the last 20 years. These surveys 

included the National Children’s Food Survey (5-12y) (2003-04), the National Teens’ 

Food Survey (13-17y) (2005-06), the National Adult Nutrition Survey (18-90y) (2008-

10), the National Pre-school Nutrition Survey (1-4y) (2010-11) and the National 

Children’s Food Survey II (5-12y) (2017-18). 

 

Objectives:  

1. To update the Irish Food Composition Database with composition data for 

vitamin K1 and vitamin K2.  

2. To estimate the intake, adequacy and sources of vitamin K1 (phylloquinone) in 

Irish children aged 1-17 years. 

3. To estimate the intake and sources of vitamin K2 (menaquinones) in the Irish 

population aged 1-90 years. 

4. To investigate changes in vitamin K1 and vitamin K2 intakes and sources in 

Irish school children aged 5-12 years between 2003-04 and 2017-18.  

 

http://www.iuna.net/
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Methodology 

Analyses for the present study were based on data from five nationally representative 

dietary surveys of the Irish population; this chapter outlines the methodology for each 

of these surveys. The five surveys include: the National Children’s Food Survey 

(NCFS) of 5-12 year olds (2003-04), the National Teens’ Food Survey (NTFS) of 13-

17 year olds (2005-06), the National Adult Nutrition Survey (NANS) of 18-90 year 

olds (2008-10), the National Pre-school Nutrition Survey (NPNS) of 1-4 year olds 

(2010-11) and the National Children’s Food Survey II of 5-12 year olds (NCFS II) 

(2017-19) (www.iuna.net). Each survey was a cross sectional study carried out by the 

nutrition centres in University College Cork, Cork Institute of Technology, University 

College Dublin and Technological University Dublin, which form part of the Irish 

Universities Nutrition Alliance (IUNA). Methods relevant to this thesis are outlined 

below with further information available on www.iuna.net. 

Ethical approval 

All surveys were conducted in accordance with guidelines laid down in the 

Declaration of Helsinki. Ethical approval for each survey was obtained from either St. 

James’ Hospital and Federated Dublin Voluntary Hospitals Joint Research Ethics 

Committee (NCFS) or the University College Cork Clinical Research Ethics 

Committee of the Cork Teaching Hospitals (NTFS, NANS, NPNS & NCFS II). 

Written informed consent was obtained from all participants and/or parents/guardians 

before commencement of each survey. 

Sampling and recruitment methodology 

National Children’s Food Survey II (2017-18) and the National Children’s Food 

Survey (2003-04) 

The NCFS II and the NCFS had the same method of sampling and recruitment which 

is summarised as follows; 600 children (300 boys, 300 girls) and 594 children (293 

boys, 301 girls) aged 5 to 12 years from across the Republic of Ireland took part in the 

NCFS II (from April 2017 to May 2018) and in the NCFS (from March 2003 to March 

2004), respectively. For both surveys, a database of primary schools in Ireland 

(provided by the Department of Education and Skills) was used to select schools to 

provide a demographically balanced sample with respect to urban/rural location and 

http://www.iuna.net/
http://www.iuna.net/
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socio-economic grouping. The principals of selected schools in the NCFS II and the 

NCFS were contacted, with 80% and 90% of those contacted agreeing to take part in 

the study, respectively. Parents/guardians of children who were randomly selected 

from the school roll were contacted with information on the survey and participation 

was invited. Children who returned a reply slip were excluded if they were not between 

the ages of 5 and 12 years, if they belonged to an age or sex or urban/rural location for 

which the appropriate number of children had already been recruited or if another 

member of their household had already been recruited for participation in the survey. 

Where families opted in, a researcher visited the home to explain the survey in more 

detail and to obtain consent from both parents/guardians and the child. The overall 

response rate for the NCFS II and the NCFS was 65% and 66%, respectively. 

Demographic analysis of the NCFS II and NCFS showed it to be representative of 

children in Ireland with respect to age, gender and urban/rural location when compared 

to Census 2016 and Census 2002 data, respectively (Central Statistics Office, 2003, 

Central Statistics Office, 2017). However, the NCFS II sample contained a higher 

proportion of children of professional workers and a lower proportion of children of 

semi-skilled and unskilled workers than the national population and all data in this 

thesis have been weighted to account for these differences. 

National Teens Food Survey (2005-06) 

A sample of 441 teenagers (224 boys, 217 girls) aged 13 to 17 years from across the 

Republic of Ireland took part in the NTFS from September 2005 to September 2006. 

Schools were selected from a database of secondary schools available from the 

Department of Education and Science. A number of schools were randomly selected 

to provide a demographically balanced sample with respect to urban/rural location and 

socio-economic grouping. All urban schools selected were located in Cork or Dublin 

and all rural schools were located outside of Cork and Dublin. The principals of 

selected schools were contacted, with 95% of those contacted agreeing to take part in 

the study. Parents/guardians of teenagers who were randomly selected from the school 

roll were contacted with information on the survey and participation was invited. 

Teenagers who returned a reply slip were excluded if they were not between the ages 

of 13 and 17 years, if they belonged to an age or sex or urban/rural location for which 

the appropriate number of teenagers had already been recruited or if another member 

of their household had already been recruited for participation in the survey. Where 
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families opted in, a researcher visited the home to explain the survey in more detail 

and to obtain consent from both parents/guardians and the teenager. The overall 

response rate was 63%. Analysis of the demographic features in this sample has shown 

it to be a representative sample of the Irish teenagers with respect to age, sex, social 

class, socio-economic group and urban/rural location when compared to the Census 

2002 data (Central Statistics Office, 2003). 

National Adult Nutrition Survey (2008-10) 

A sample of 1500 adults (740 males, 760 females) aged 18 to 90 years from across the 

Republic of Ireland took part in the NANS from October 2008 to April 2010. Eligible 

participants were adults aged 18 years and over who were free-living and who were 

not pregnant or breast-feeding. A sample of adults were randomly selected from a 

database of names and addresses held by Data Ireland (An Post). An introductory letter 

and information leaflet were posted to each person selected from the database. A 

researcher called to potential participants’ homes to introduce the survey and invite 

participation. If the individual agreed to take part, a consent form was signed and the 

survey commenced. If the person was not at home, the researcher called on three more 

occasions on different days and at different times, before deeming them ineligible. A 

second level of recruitment was carried out for groups that were not highly represented 

in the sample, particularly 18-35 year olds. Names and addresses were compiled for 

this through referrals from previous participants. The final response rate for the survey 

was 60%. Demographic analysis of the sample has shown it to be nationally 

representative of Irish adults with respect to age, gender, social class and urban/rural 

location when compared to the Census 2006 data (Central Statistics Office, 2007).  

National Pre-School Nutrition Survey (2010-11) 

A sample of 500 children (boys 251, girls 249), aged from 12 months to 59 months 

inclusive, from across the Republic of Ireland took part in the NPNS between October 

2010 and September 2011. Individuals were selected for participation from a database 

of names and addresses compiled by ‘eumom’ (an Irish parenting resource 

(www.eumom.ie) or from randomly chosen childcare facilities in select locations. An 

introductory information letter and brochure were sent to the parent/guardian of the 

individuals selected. In all cases, the onus was on the prospective participant to ‘opt 

in’. For those participants that ‘opted in’ a researcher called to their home in the 
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following days to further explain the survey. Eligible children (aged from 12 to 59 

months inclusive, who had not yet started primary school) were invited to participate 

and a consent form was signed by their parent/guardian. Demographic analysis of the 

sample has shown it to be representative of young children in Ireland with respect to 

age, gender, and urban/rural location when compared to Census 2006 data (Central 

Statistics Office, 2007). The sample was also generally representative of social class, 

although there were a higher proportion of children of professional workers. However, 

as there were no significant differences between social classes for food and nutrient 

intakes or body weight the data have not been adjusted for this (Irish Universities 

Nutrition Alliance (IUNA) (2012)). 

Dietary data collection  

An overview of the methods of dietary data collection is presented in Table 1. For the 

NCFS, 594 children aged 5-12 years completed a 7-day weighed food record with a 

total of four visits from the fieldworker over the recording period. Similarly, 441 

teenagers aged 13-17 years completed the NTFS using a 7-day semi-weighed food 

record with four visits from the fieldworker over the recording period. Fifteen hundred 

adults aged 18-90 years participated in the NANS, which collected dietary data using 

a 4-day semi weighed food record. Each participant was visited 3 times over the 

recording period by the trained researcher. Food and beverage intake data were 

estimated for 500 pre-school children aged 1-4 years in the NPNS using a 4-day 

weighed food record. The NCFS II collected dietary data from 600 children aged 5-12 

years using a 4-day weighed food diary. The fieldworker visited each participant 3 

times over the recording period for both the NPNS and the NCFS II; a training visit to 

demonstrate how to keep the food diary and use the weighing scales, a second visit 

24-36 hours into the recording period to review the diary, check for completeness, and 

clarify details regarding specific food descriptors and quantities, and a final visit one 

or two days after the recording period to review the remaining recording days and to 

collect the diary.  

For each survey, detailed information was collected for all foods, beverages and 

nutritional supplements (at brand level) relating to the amount, type, and cooking 

method (if applicable). Leftovers were also accounted for and details of recipes of 

composite dishes were collected over the recording period. Data were collected on the 
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time of each eating or drinking occasion, the participant’s definition of each eating or 

drinking occasion (e.g. breakfast, morning snack, lunch) and the location of the 

preparation of the meal or snack consumed (e.g. home, work, school).  

Food quantification and coding 

A quantification protocol that was established by the IUNA for the North/South 

Ireland Food Consumption Survey (NSIFCS) (Harrington et al., 2001) was adapted 

for each survey. This protocol is summarised as follows and the percentage of each 

quantification method used in each survey is outlined in table 1: 

1) Weighed (using the digital food scales provided to each participant) or 

manufacturers’ information on product labels  

2) Age appropriate photographic food atlas (Nelson M et al., 1997, Foster et al., 

2010) 

3) Standard portion weights (Food Standards Agency, 2002a, Lyons et al., 2013) 

4) Household measures 

5) Estimated based on the researchers knowledge of the participants previous 

eating patterns (only used when no other quantification method was 

appropriate) 

Dietary data entry 

Every food and beverage consumed in each survey was assigned a unique food code 

depending on its nutritional profile and brand information allowing the inclusion of 

recipes of composite dishes, nutritional supplements, fortified foods and generic Irish 

foods that were commonly consumed and were updated for each survey.  

For all of the surveys, dietary data were entered into either the data entry system 

WISP© (Tinuviel Software, Anglesey, UK) (for the NCFS, NTFS, NANS and the 

NPNS) or  Nutritics©  (for the NCFS II). Both WISP© and Nutritics© estimate nutrient 

intakes using UK food composition data from McCance & Widdowson’s The 

Composition of Foods, Seventh (Food Standards Agency, 2015), sixth (Food 

Standards Agency, 2002b) and fifth (Holland et al., 1995) editions plus all nine 

supplemental volumes (Holland et al., 1988, Holland et al., 1989, Holland et al., 1991, 

Holland et al., 1992a, Holland et al., 1992b, Holland et al., 1993, Chan et al., 1994, 

Chan et al., 1995, Chan et al., 1996). A total of 1945, 1761, 2552, 1652 and 2046 food 
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codes were included in the NCFS, NTFS, NANS, NPNS and NCFS II databases, 

respectively.  

Quality control 

Across all surveys, a number of quality procedures were put in place in an attempt to 

minimise error and ensure consistency throughout the collection and data entry of food 

intake. Researchers received training that included role-play workshops prior to 

commencing fieldwork, where they were trained to take a natural and friendly 

approach to fieldwork and to avoid prompting foods. This was carried out in an attempt 

to make participants feel at ease and so that the most reliable data possible could be 

obtained. It was stressed to participants that they should not try to change or improve 

their diet during the recording period.   

Each fieldworker was primarily responsible for the collection, quantification, coding 

and data entry of their own participants’ food diaries in an attempt to maintain 

consistency. Once the data entry was completed by the fieldworker, all diaries were 

re-checked and a percentage of diaries were re-checked by a different fieldworker. The 

survey co-ordinater then exported all diaries to either WISP© (NCFS, NTFS, NANS 

& NPNS) or Nutritics© (NCFS II) where a further quality control took place. All food 

codes and corresponding brand codes were compared to ensure no mismatches 

occurred. The consolidated data for each survey was then exported to SPSS and each 

variable exported was quality controlled for errors and outliers.  

Databases 

The NCFS, NTFS, NANS, NPNS and the NCFS II database comprises over 72,000, 

46,470, 133,050, 36,000 and 41,780 rows of data, respectively, that describe every 

food and drink item consumed by each of the participants, at every eating occasion, 

for each of the recording days. For each item consumed, each database contains the 

actual day of the week, the definition of the eating occasion, where the meal was 

prepared, the time and location of consumption, the weight of food/drink consumed, 

brand description, packaging type and size and nutritional composition for a number 

of nutrients that are available in the UK composition of foods.  
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All food and drink items were allocated into one of the nineteen food groups 

(Appendix I) and then further subdivided into sixty-eight (NCFS, NTFS, NANS & 

NCFS II) or seventy-seven sub groups (NPNS) (Appendix II).  

Anthropometric data  

The Adequate Intake (AI) for vitamin K1 is derived based on kilogram of body weight 

(µg/kg/d) (EFSA Panel on Dietetic Products et al., 2017). For each survey, body 

weight was measured by the researcher in the participants’ homes in duplicate using 

either a Seca 770 digital personal weighing scale (Chasmores Ltd, UK) (NCFS and 

NTFS), Seca Scales 385 (AccuScience, Ireland) (NPNS) or a Tanita body composition 

BC-420MA (Tanita Ltd, GB) (NANS and NCFS II) to the nearest 0.1kg. Participants 

were weighed after having voided, wearing light clothes and without shoes.  
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Table 1. Overview of each survey methodology and percentage (%) of each quantification 

method used to quantify foods consumed by participants of each survey 

 
NCFS 

(2003-04) 

NTFS 

(2005-06) 

NANS 

(2008-10) 

NPNS 

(2010-11) 

NCFS II 

(2017-18) 

Number of participants 594 441 1500 500 600 

Age group (years) 5-12 13-17 18-90 1-4 5-12 

Length of data collection (days) 7 7 4 4 4 

Number of visits from the 

researcher 
4 4 3 3 3 

Quantification method Weighed 
Semi-

weighed 

Semi-

weighed 
Weighed Weighed 

of which (%)      

Weighed by participant or 

manufacturer 
85 45 56 85 87 

Food Atlas1 5 28 16 6 7 

Food Portion Sizes2 4 10 11 1 3 

Irish Food Portion Size 

Database3 
1 8 4 0.5 - 

Household Measures 2 7 11 6 1 

Estimated 3 2 2 1.5 2 

Total 100 100 100 100 100 
1 Nelson M et al. (1997), Foster E et al. (2010) 

2 Food Standards Agency (2002a) 

3 Lyons et al. (2013)
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Introduction 

Vitamin K consists of a family of fat soluble compounds which includes vitamin K1 

(phylloquinone) and vitamin K2 (menaquinones), all of which have a common 

chemical structure of 2-methyl-1,4 naphthoquinone but differ in the length and degree 

of saturation of their side chain. Vitamin K1 has a phytyl side chain and is found in 

foods of plant origin including green leafy vegetables and certain plant oils (Shearer, 

1995, Shearer and Newman, 2008). Menaquinones have repeating unsaturated prenyl 

side chains of varying lengths, are synthesised by bacteria and are found in foods of 

animal origin and fermented food products. Menaquinone-4 differs from the other 

menaquinones in that, it is not synthesized by bacteria; it is produced in mammals 

from the tissue specific conversion from phylloquinone or menadione (Dialameh et 

al., 1971, Okano et al., 2008). It has been well established that vitamin K is required 

for blood coagulation but there is increasing evidence supporting the hypothesis for a 

role of vitamin K in areas beyond coagulation in bone metabolism and the inhibition 

of arterial calcification (Booth, 2009, Vermeer, 2012, Halder et al., 2019). A review 

of the literature (chapter 1) has highlighted that there are few data available on vitamin 

K intakes in national dietary surveys across Europe or further afield, particularly for 

menaquinones. This may be partly due to lack of country-specific food composition 

data for vitamin K and its separate components (phylloquinone and menaquinones) 

(Shearer and Bolton-Smith, 2000, Elmadfa and Meyer, 2010).   

Analytical values for both vitamin K1 and menaquinone-4 (for a small range of foods) 

are available in the UK Composition of Foods Integrated Dataset (COFID) and US 

Department of Agriculture (USDA) National Nutrient Database (Public Health 

England Composition of Foods Integrated Dataset, 2015, USDA National Nutrient 

Database for Standard References Release 28, 2015). Other food composition 

databases include vitamin K values derived using a combination of methods including 

‘borrowing’ analysed data from other countries or the literature, HPLC analysis, 

estimating values via recipe calculation or applying values based on that of similar 

foods (Technical University of Denmark, 2007, Anses/CIQUAL, 2013, TürKomp 

Turkish Food Composition Database, 2014, Food Composition Database Italy (BDA), 

2015, Dutch Nutrients Database (NEVO), 2016, German Food Code and Nutrient 
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Database, 2017, Swedish National Food Database, 2017, Finnish National Food 

Composition Database, 2019). These methods used to assign composition data to 

foods has been deemed appropriate for estimating nutrient composition when direct 

chemical analysis is not possible (Rand et al., 1991, Schakel et al., 1997).  

Composition databases report vitamin K composition in this manner in Denmark and 

Germany (for vitamin K1), in France and Turkey (for vitamin K1 and K2), in Finland, 

Sweden and the Netherlands (for total vitamin K) and in Italy (for vitamin K1, MK-4 

and dihydrophylloquinone (formed from the hydrogenation of vitamin K1 rich oils) 

(Technical University of Denmark, 2007, Anses/CIQUAL, 2013, TürKomp Turkish 

Food Composition Database, 2014, Food Composition Database Italy (BDA), 2015, 

Dutch Nutrients Database (NEVO), 2016, German Food Code and Nutrient Database, 

2017, Swedish National Food Database, 2017, Finnish National Food Composition 

Database, 2019). 

It has been highlighted in the literature that when updating food composition data for 

vitamin K, recipes and composite dishes should be updated at ingredient level (rather 

than applying average values to similar dishes) as mixed dishes have been 

acknowledged to be a significant source of vitamin K. Composite dishes, even without 

vitamin K rich vegetables, may be an important source due to the oils and animal 

products used in their preparation (Finnan et al., 2017, Harshman et al., 2017).  

The Irish food composition database (IFCD) (2012) has been developed over the last 

20 years informed by foods consumed on the Irish national dietary surveys carried out 

by the Irish Universities Nutrition Alliance (IUNA) between 2003 and 2011 

(www.iuna.net). For all of the surveys, food and beverage intake data were collected 

at brand level; and recipes of composite dishes were provided by participants, allowing 

for the estimation of vitamin K content for each individual food product and recipe. 

The aim of this study was to update the IFCD (2012) with analytical values for vitamin 

K1 and vitamin K2 (menaquinone-4 (MK-4) and menaquinone-5 to 10 (MK-5-10)), 

ultimately to allow for the assessment of vitamin K intakes in Irish population groups. 

http://www.iuna.net/
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Methods 

The IFCD (2012) includes data from four national dietary surveys carried out in the 

Republic of Ireland; The National Pre-school Nutrition Survey (2010-11), the National 

Children’s Food Survey (2003-04), the National Teens’ Food Survey (2005-06) and 

the National Adult Nutrition Survey (2008-10) (www.iuna.net).  

The IFCD (2012) has been updated for each survey to include recipes of composite 

dishes, nutritional supplements, fortified foods, infant specific products and generic 

Irish foods that were commonly consumed. Each food and beverage consumed 

throughout the four surveys was assigned a food code, based on the food descriptor 

and the nutritional composition of the food. The IFCD (2012) contains 3443 unique 

food codes. 

Vitamin K1 composition of foods 

Analytical sources of vitamin K1 composition 

For vitamin K1, composition data were sourced from published analytical values from:   

 The UK Composition of Foods Integrated Dataset (COFID): This database 

provided  vitamin K1 composition values for the following food groups; cereal 

and cereal products, milk and milk products, eggs, fats and oils, meat and meat 

products, fish and fish products, potatoes, fruit and vegetables (Public Health 

England Composition of Foods Integrated Dataset, 2015). This composition 

database contains composition data from a ‘provisional’ vitamin K1 

composition table by Bolton-Smith et al. (2000).  

 The USDA National Nutrient Database for Standard Reference Release 28: 

This database provides vitamin K1 composition values for approximately 5000 

foods from food groups which include; herbs and spices, fruit and vegetables, 

savouries, fats and oils, meat and meat products, cereal and cereal products 

(USDA National Nutrient Database for Standard References Release 28, 

2015).  

 Published papers including those by Booth et al. (1993), Bolton-Smith et al. 

(2000), Dismore et al. (2003), Presse et al. (2015) and Damon et al. (2005) 
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were used to provide composition data where appropriate. Examples of the 

vitamin K1 composition of food groups reported in these papers include; herbs 

and spices, fruit and vegetables, fats and oils, dairy, meat, cereals and 

beverages.   

Assigning vitamin K1 composition values to the IFCD (2012) 

Using the composition sources listed above, the following methods were used to 

assign vitamin K1 composition values to all foods in the IFCD (2012); 

Published analytical values. Vitamin K1 composition values provided in the UK 

COFID or USDA National Nutrient Database and published papers that were an exact 

match to foods in IFCD (2012) were assigned the equivalent vitamin K1 composition 

value.  

Similar product. In certain cases, where there was no published composition value for 

a food, the vitamin K1 content of a similar product from the UK COFID or USDA 

National Nutrient Database, or published papers was used. For example, the vitamin 

K1 value for corn flakes from the UK COFID was assigned to Frosties as both products 

have the same ingredients and similar nutrient profile with the exception of sugar 

content which will not influence vitamin K1 content.  

Recipe calculation. A new recipe file was compiled during each survey for composite 

dishes consumed. The vitamin K1 content of each recipe in the IFCD (2012) were 

calculated from the vitamin K1 values of the individual ingredients according to the 

composition databases and published papers utilised.  If a recipe contained a specific 

ingredient that contained vitamin K1 but no exact vitamin K1 composition value was 

available for the ingredient, the value of a similar ingredient was substituted in order 

to calculate the vitamin K1 content of the recipe (for example, the vitamin K1 content 

of tomato sauce was provided in the USDA National Nutrient Database; this vitamin 

K1 value was substituted for all sauces that were tomato based when no other 

composition value was available). In certain cases where no exact recipe was 

available, the food code was given the vitamin K1 value of that of a similar recipe. 



52 
 

Retail product. For retail products where no composition value was available the 

vitamin K1 content of the product was calculated on the basis of listed ingredients from 

manufacturers or product packaging. 

Manufacturers’ information. The vitamin K1 composition values of supplements and 

infant formula were assigned based on nutrition information on packaging or from 

information provided by the manufacturer. 

Foods that did not contain any vitamin K1 were assigned a composition value of zero. 

These foods included ham and bacon, sugar based beverages and confectionary sweets 

such as pastilles, boiled sweets and peppermints (Bolton-Smith et al., 2000). 

Other. The vitamin K1 content of some foods was calculated on the basis of the fat 

content of a similar product. In a small number of cases where no composition data 

were available, foods such as seeds and miscellaneous foods were assigned a vitamin 

K1 composition value of zero as they were likely to contain negligible amounts of 

vitamin K1.  

Menaquinone composition of foods 

As the menaquinones are synthesised by bacteria (with the exception of MK-4), they 

are only found in foods of animal origin (meat, dairy, eggs) and fermented food 

products. Menaquinone composition data were sourced from published analytical 

values from; 

 The UK COFID which provided the MK-4 composition of eggs only (Public 

Health England Composition of Foods Integrated Dataset, 2015). 

 Published papers from Schurgers and Vermeer (2000) and Fu et al. (2016). 

Schurgers and Vermeer (2000) provided the menaquinone composition values 

for meat, fish, fruit and vegetables, dairy, oils and bread. Fu et al. (2016) 

reported the menaquinone composition values for pork and pork products. 

Each food code was assigned both an MK-4 composition value and an MK-5-

10 composition value.  
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Assigning vitamin K2 composition values to the IFCD (2012) 

Using the composition sources listed above, the following methods were used to 

assign MK-4 and MK-5-10 composition values to all foods in the IFCD (2012); 

Foods and beverages that were not fermented and were not of animal origin were given 

a value of zero for all menaquinones. 

Recipe calculation. A new recipe file was compiled during each survey for composite 

dishes consumed. The menaquinone content for each recipe in the IFCD (2012) were 

calculated from the menaquinone values of the individual ingredients. If a recipe 

contained a specific ingredient that contained menaquinones but no exact 

menaquinone composition value was available for the ingredient, the value of a similar 

ingredient was substituted in order to calculate the menaquinone content of the recipe. 

(For example, the menaquinone content of plaice was used for all white fish). In 

certain cases where no exact recipe was available, the food code was given the 

menaquinone value of that of a similar recipe. 

Retail products. The menaquinone content of the food product was calculated based 

on the ingredients listed on food packaging. 

Published analytical values. Menaquinone composition values provided by Schurgers 

and Vermeer (2000) or Fu et al. (2016) were assigned to matching foods in the IFCD 

(2012) where appropriate. 

Similar product. In certain cases, where there was no exact match available for a food, 

the menaquinone content of a similar food product from the published analytical 

values was used. (For example, the menaquinone content of chicken meat was used 

for turkey meat). 

Manufacturers’ information provided the menaquinone composition values for 

nutritional supplements and infant formula.  

Other. Where no composition data were available for the food product and no other 

estimation of composition was available a composition value of 0µg was assigned. 
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Results 

Table 1 reports the sources of vitamin K1 composition data used to update the IFCD 

(2012) (n, %). The UK COFID provided vitamin K1 composition values for 1058 foods 

(31%); of which, 348 foods (10%) in the IFCD (2012) were an exact match to foods 

provided in the UK COFID and 710 foods (21%) were a similar product. The USDA 

National Nutrient Database provided composition values for 575 foods (17%) in the 

IFCD (2012); of which, 429 foods (13%) in the IFCD (2012) were an exact match to 

foods in the USDA National Nutrient Database and 146 foods (4%) were a similar 

product. Published analytical vitamin K1 composition data provided vitamin K1 

content values for 179 foods (5%) in the IFCD (2012). Recipes accounted for 1054 

food codes (31%) in the IFCD (2012). Of this, the vitamin K1 content of 870 recipes 

(25%) were calculated on the basis of their individual ingredients. The vitamin K1 

content of a similar recipe was used for 127 recipes (4%) as details of ingredients were 

not available. Manufacturers’ information provided on the packaging of nutritional 

supplements and infant formula provided vitamin K1 composition values for 353 

(10%) food codes in the IFCD (2012). One hundred and forty eight foods (4%) that 

did not contain any vitamin K1 were assigned a vitamin K1 composition value of 0µg. 

For a small number of food codes (n 76 (2%)), the vitamin K1 content was assigned 

based on the fat content of a similar product or where no composition data were 

available, foods were assigned a value of zero as they were likely to contain negligible 

amounts of vitamin K1. 

Table 2 describes an overview of the vitamin K1 composition values split by food 

group in descending order in µg/100g. The ‘herbs & spices’ food group had a vitamin 

K1 composition value ranging from 31 to 3220µg/100g. The vitamin K1 content of 

‘vegetable & vegetable dishes’ ranged from 0 to 840µg/100g. ‘Soups, sauces & 

miscellaneous foods’ and ‘oils’ had a vitamin K1 content ranging from 0 to 

550µg/100g and 1 to 131µg/100g, respectively. The vitamin K1 content of ‘fruit & 

fruit juices’ and ‘meat & meat products’ ranged from 0 to 105µg/100g and 0 to 

82µg/100g, respectively.  

Table 3 reports examples of vitamin K1 composition values in foods groups that were 

highest in vitamin K1 as outlined in table 2. ‘Dried herbs’ had a vitamin K1 content 

ranging from 1168 (mixed herbs, dried) to 3220µg/100g (mint, dried). ‘Fresh herbs’ 
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had a vitamin K1 content ranging from 213 (Chives, fresh) to 636µg/100g (Oregano, 

fresh). The vitamin K1 content of spices ranged from 31 (cinnamon) to 212µg/100g 

(allspice). ‘Green vegetables and salad vegetables’ had a vitamin K1 content ranging 

from 1 (shallots, raw) to 840µg/100g (spinach, frozen, boiled). Of this, tomatoes, raw, 

lettuce, average, raw and broccoli, green, boiled had vitamin K1 contents of 6, 129 and 

135µg/100g, respectively. ‘Soups, sauces & miscellaneous foods’ had a vitamin K1 

content ranging from 0 (vinegar) to 550µg/100g (mint sauce). Of this, tomato based 

sauces, cream of vegetable soup and mayonnaise had vitamin K1 contents of 3, 23 and 

43µg/100g, respectively. The vitamin K1 content of ‘vegetable & pulse dishes’ ranged 

from 0 (vegetarian sausages) to 285µg/100g (spinach cream sauce). ‘Oils’ had a 

vitamin K1 content ranging from 1 (peanut oil) to 131µg/100g (soya oil). Of this, 

sunflower oil, olive oil and blended vegetable oil had vitamin K1 contents of 6, 58 and 

114µg/100g, respectively.  

Table 4 describes the sources of menaquinone composition data (menaquinone-4 and 

menaquinone-5-10) used to update the Irish Food Composition Database (2012) (n, 

%). 

Menaquinone- 4  

An MK-4 composition value of 0µg was assigned to 1656 foods (48%) that were not 

fermented and were not of animal origin. The MK-4 composition of 640 recipes (19%) 

were calculated on the basis of their individual ingredients. When no recipe details 

were available for a food code, the MK-4 composition value of a similar recipe was 

assigned (n 139 (4%)). Published analytical values as reported by Schurgers and 

Vermeer (2000) and Fu et al. (2016) provided MK-4 composition values for 298 (9%) 

and 26 (1%) food codes, respectively. For 211 foods, the MK-4 composition value of 

a similar product as reported in the literature was assigned (6%). Manufacturers’ 

information provided on the packaging of nutritional supplements and infant formula 

was used to assign MK-4 composition values for 353 (10%) food codes in the IFCD 

(2012), none of which contained MK-4. A composition value of zero was assigned to 

30 (<1%) food codes where there were no composition data available. 

Menaquinone-5-10 

An MK-5-10 composition value of 0µg was assigned to 1660 foods (48%) that were 

not fermented and were not of animal origin. The MK-5-10 composition of 640 recipes 
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(19%) were calculated on the basis of their individual ingredients. When no recipe 

details were available for a food code, the MK-5-10 composition value of a similar 

recipe was assigned (n 139 (4%)). Published analytical values as reported by Schurgers 

and Vermeer (2000) and Fu et al. (2016) provided MK-5-10 composition values for 

298 (9%) and 26 (1%) food codes, respectively. For 211 foods, the MK-5-10 

composition value of a similar product was assigned (6%). Manufacturers’ 

information provided on the packaging of nutritional supplements and infant formula 

was used to assign MK-5-10 composition values for 353 (10%) food codes in the IFCD 

(2012), none of which contained MK-5-10. A composition value of zero was assigned 

to 30 (<1%) food codes where there were no composition data available. 

Table 5 reports the range of menaquinone (MK-4 & MK-5-10) values in each food 

group in µg/100g. 

Menaquinone-4 

The MK-4 content of ‘meat & meat products’ ranged from 0 to 28µg/100g. Of this, 

‘sausages’ and ‘lamb, pork & bacon dishes’ had a MK-4 composition ranging from 7 

to 28µg/100g and 0 to 11µg/100g, respectively. ‘Cheese’ and ‘eggs & egg dishes’ had 

MK-4 composition values ranging from 0 to 5µg/100g and 2 to 15µg/100g, 

respectively. The MK-4 content of ‘butter, spreading fats & oils’ and ‘vegetable & 

vegetable dishes’ ranged from 0 to 15 and 0 to 3µg/100g, respectively.  

Menaquinone-5-10 

The MK-5-10 content of ‘meat & meat products’ ranged from 0 to 341µg/100g. Of 

this, ‘sausages’ and ‘lamb, pork & bacon dishes’ had a MK-5-10 composition ranging 

from 0 to 341µg/100g and 0 to 136µg/100g, respectively. ‘Cheese’ and ‘eggs & egg 

dishes’ had MK-5-10 composition values ranging from 24 to 72µg/100g and 0 to 

28µg/100g, respectively. The MK-5-10 content of ‘vegetable & vegetable dishes’ 

ranged from 0 to 17µg/100g.  
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Table 1. Sources of vitamin K1 composition data used to update the Irish Food Composition 

Database (2012) (n, %) 

Source of composition data n % 

Published analytical values 1812 52.5 

UK COFID nutrient databank  1058 30.7 

Of which: Exact match 348 10.1 

Of which: Similar product 710 20.6 

USDA nutrient databank 575 16.7 

Of which: Exact match 429 12.5 

Of which: Similar product 146 4.2 

Booth et al. (1993) 73 2.1 

Bolton-Smith et al. (2000) 60 1.7 

Dismore et al. (2003) 14 0.4 

Presse et al. (2015) 8 0.2 

Damon et al. (2005) 8 0.2 

Similar product 16 0.5 

Recipes 1054 30.6 

Recipe calculated from ingredients list 870 25.2 

Similar to calculated recipes  127 3.7 

Retail product calculated from ingredients list 58 1.7 

Manufacturers information 353 10.2 

Nutritional supplements 340 9.9 

Infant formula 13 0.4 

Foods that did not contain any vitamin K1 (assigned value of 0µg) 148 4.3 

Other 76 2.3 

Total 3443 100 
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Table 2. Overview of vitamin K1 composition values (µg/100g) split by food group in 

descending order 

Food group 

  

µg/100g 

Minimum Maximum 

Herbs & spices 31.2 3220 

Herbs 212.7 3220 

Spices 31.2 212 

Vegetable & vegetable dishes 0.0 840 

Green vegetables 3.3 840 

Vegetable & pulse dishes 0.0 285 

Salad vegetables 0.0 207 

Other vegetables  0.0 242 

Peas, beans & lentils 0.0 47.0 

Tinned or jarred vegetables  0.0 41.3 

Soups, sauces & miscellaneous foods 0.0 550 

Oils 0.7 131 

Fruit & fruit juices 0.0 105 

Meat & meat products 0.0 82.4 

Grains, rice, pasta & savouries 0.0 72.1 

Biscuits, cakes & pastries 0.0 69.3 

Fish & fish dishes 0.0 62.7 

Butter & fat spreads 2.6 56.0 

Nuts & seeds 0.0 53.9 

Eggs & egg dishes 0.0 37.4 

Potatoes & potato products 0.8 36.5 

Breakfast cereals 0.0 33.0 

Creams, ice-creams & chilled desserts 0.0 18.1 

Sugars, confectionary, preserves & savoury snacks 0.0 15.5 

Milk & yoghurt 0.0 10.0 

Bread & rolls 0.3 8.4 

Cheese 0.0 4.7 

Beverages 0.0 4.3 
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Table 3. Examples of vitamin K1 composition values in foods groups highest in 

vitamin K1 as outlined in table 2 

Food group µg/100g 

Herbs (min-max) (213-3220) 

Dried herbs  (1168-3220) 

  Mixed herbs, dried 1168 

  Basil, dried 1715 

  Mint, dried 3220 

Fresh herbs (213-636) 

  Chives, fresh 213 

  Parsley, fresh 548 

  Oregano, fresh 636 

Spices (min-max) (31.2-212) 

  Cinnamon 31.2 

  Curry powder 99.8 

  Allspice 212 

Green vegetables and salad vegetables (min-max) (0.0-840) 

  Shallots, raw 0.8 

  Tomatoes, raw 6.0 

  Lettuce, average, raw  129 

  Broccoli, green, boiled 135 

  Spring onions, raw 207 

  Spinach, frozen, boiled  840 

Soups, sauces & miscellaneous foods (min-max) (0.0-550) 

  Vinegar 0.0 

  Tomato based sauces 2.8 

  Cream of vegetable soup 23.0 

  Mayonnaise 43.3 

  Caesar salad dressing  105 

  Mint sauce 550 

Vegetable & pulse dishes (min-max) (0.0-285) 

   Vegetarian sausages 0.0 

   Kidney bean & veg stew 59.5 

   Caesar salad 108 

   Spinach cream sauce 285 

Oils (min-max) (0.7-131) 

  Peanut oil 0.7 

  Sunflower oil 6.3 

  Olive oil 57.5 

  Blended vegetable oil 114 

  Soya oil 131 
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Table 4.  Sources of menaquinone composition data (menaquinone-4 and menaquinone-5-10) used 

to update the Irish Food Composition Database (2012) (n, %) 

Source of composition data MK-4 MK-5-10 

n % n % 

Foods assigned a composition value of 0µg for MK-4 

and MK-5-10 
1656 48.1 1660 48.2 

Recipes 865 25.1 865 25.1 

Recipes calculated from ingredients list 640 18.6 640 18.6 

Similar recipes 139 4.0 139 4.0 

Retail product calculated from ingredients list 86 2.5 86 2.5 

Published analytical values 539 15.7 535 15.6 

UK COFID 4 0.1 0 0.0 

Schurgers and Vermeer (2000) 298 8.7 298 8.7 

Fu et al. (2016) 26 0.8 26 0.8 

Similar products 211 6.1 211 6.1 

Manufacturers information 353 10.2 353 10.2 

Nutritional supplements 340 9.9 340 9.9 

Infant formula 13 0.4 13 0.4 

Other 30 0.9 30 0.9 

Total 3443 100 3443 100 



61 
 

Table 5.  Overview of menaquinone (menaquinone-4 and menaquinone-5-10) composition 

values (µg/100g) split by food group in descending order 

Food group 

 

Range of menaquinone values (µg/100g) 

MK-4 MK-5-10 

Minimum Maximum Minimum Maximum 

Meat & meat products 0.0 27.5 0.0 341 

Sausages 6.9 27.5 0.0 341 

Lamb, pork & bacon dishes 0.0 11.0 0.0 136 

Meat products 0.0 9.0 0.0 46.0 

Beef & veal dishes 0.1 4.7 0.0 46.0 

Meat pies & pastries 0.0 6.9 0.0 84.0 

Burgers 1.5 6.7 0.0 7.2 

Bacon & ham 2.1 3.4 1.6 6.7 

Beef & veal 1.1 6.5 0.0 0.0 

Poultry & game dishes 0.0 7.4 0.0 2.7 

Lamb 1.1 6.7 0.0 1.1 

Chicken, turkey & game 0.0 9.0 0.0 0.0 

Pork 2.1 2.1 1.6 1.6 

Cheese 0.4 4.7 24.4 71.6 

Eggs & egg dishes 2.2 15.0 0.0 28.2 

Butter, spreading fats & oils 0.0 15.0 0.0 0.2 

Vegetable & vegetable dishes 0.0 3.3 0.0 16.9 

Creams, ice-creams & chilled desserts 0.0 5.4 0.0 4.2 

Grains, rice, pasta & savouries 0.0 0.3 0.0 7.2 

Fish & fish dishes 0.0 2.9 0.0 4.7 

Potatoes & potato products 0.0 1.4 0.0 7.5 

Milk & yoghurt 0.0 1.6 0.0 2.3 

Sugars, confectionary& savoury snacks 0.0 1.5 0.0 0.0 
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Discussion 

This aim of this study was to assign both vitamin K1 and vitamin K2 composition 

values to all foods in the IFCD (2012), ultimately to allow for the assessment of intakes 

in the Irish population. Vitamin K composition values were assigned to all foods in 

the IFCD (2012) using pre-existing published analytical data, recipe calculation and 

manufacturers information. Foods highest in vitamin K1 included ‘herbs’ and 

‘vegetable & vegetable dishes’. Foods highest in MK-4 and MK-5-10 included ‘meat 

& meat products’, ‘cheese’ and ‘eggs & egg dishes’.  

Vitamin K1 

Vitamin K1 is found in all photosynthetic plants where it functions as an electron 

carrier in the photosystem I (Reumann, 2013). This form of vitamin K is responsible 

for over 80% of dietary vitamin K (Schurgers and Vermeer, 2000). Analytical data has 

shown that vegetables, especially the green vegetables food group are highly 

concentrated with vitamin K1 (Bolton-Smith et al., 2000, Schurgers and Vermeer, 

2000, Damon et al., 2005, Harshman et al., 2017). Vegetables with a dark leaf 

colouring (e.g. spinach, frozen, boiled; 840µg/100g) have a much higher vitamin K1 

content than vegetables with a paler colouring (e.g. lettuce, average, raw; 129µg/100g) 

due to the chlorophyll needed for photosynthesis (Booth, 2012). Although vegetables 

are considered to be the most important contributor to vitamin K1 intakes in all 

population groups, ‘herbs’ are the most concentrated food with vitamin K1 (Booth et 

al., 1996, Harshman et al., 2017, Kingston et al., 2017, Kingston et al., 2018). Presse 

et al. (2015) analysed the vitamin K1 content of herbs, spices and seasonings and 

reported that ‘herbs’, especially dried herbs are the richest food source of vitamin K1 

however, their contribution to intakes may be underestimated due to the difficulty in 

quantifying herb consumption and gaps in the literature on the vitamin K1 composition 

of herbs. Although it has been reported that dried herbs are consumed in such small 

quantities and likely contribute negligible amounts of vitamin K1 (Bolton-Smith et al., 

2000), the addition of an extra ~3g of dried herbs to the diet may increase vitamin K1 

intakes by up to 100µg (Presse et al., 2015). Even herbs found in retail products such 

as bread crumbs, salsa and sauces will influence the vitamin K1 content of the food 
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product (Damon et al., 2005, Ferreira, 2006). In the IFCD (2012), quantities of herbs 

as low as 0.5g in recipes and mixed dishes were calculated for vitamin K1 content, 

many of which had a significant impact on the vitamin K1 concentration of the recipe; 

for example, the vitamin K1 content of  potato stuffing in the IFCD (2012) is 

36µg/100g of which, 34µg is due to the 2g of thyme contained within the recipe. The 

inclusion of herbs in the present study may therefore be considered a strength of the 

study.  

The importance of quantifying individual oils with reference to vitamin K1 has 

frequently been outlined throughout the literature (Peterson et al., 2002, Finnan et al., 

2017). As there are large variations in the vitamin K1 content of different oils 

(sunflower oil; 6.3µg/100g vs vegetable oil; 114µg/100g), this will have a substantial 

influence on the vitamin K1 content of the recipe or food product in which it was used 

and therefore it is important to consider each oil individually and not apply average 

values to oils used within composite meals and mixed dishes (for example; a 

tablespoon of sunflower oil equates to 0.95µg of vitamin K1 versus a tablespoon of 

blended vegetable oil that equates to 17.2µg of vitamin K1). Plant oils, salad dressings 

and cooking sauces made with vitamin K1 rich oils contain a high vitamin K1 content 

(for example, caesar salad dressing; 105µg/100g) all of which influence the vitamin 

K1 content of the food product or dish. Even fast foods and take away foods may have 

high amounts of vitamin K1 partly due to the plant oils in which they are cooked 

(Dumont et al., 2003, Weizmann et al., 2004, Elder et al., 2006).  

Mixed dishes have been reported as important sources of vitamin K (Finnan et al., 

2017, Harshman et al., 2017). ‘Vegetable & vegetable dishes’ had a large vitamin K1 

composition range (0-840µg/100g) in the IFCD (2012) due to the different vegetables 

and oils used in their preparation (for example, spinach and potato curry; 144µg/100g 

versus chicken curry; 6.9µg/100g).  Even mixed dishes that do not contain vitamin K1 

rich vegetables can contain moderate amounts of the vitamin from the plant oils or the 

vitamin K1 containing oils in dressings or condiments consumed with the dish (Finnan 

et al., 2017). For example, in the IFCD (2012), a homemade oil and lemon dressing 

(made with blended vegetable oil) has a vitamin K1 content of 83µg/100g. Although 

meat and poultry are not rich sources of vitamin K1 (Booth et al., 1995, Elder et al., 
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2006), the ‘meat & meat products’ food group had a moderate vitamin K1 composition 

range of 0-82µg/100g. Of this food group, ‘lamb dumplings’ had the highest 

concentration of vitamin K1 due to the cabbage and vegetable oil included in the 

composite dish. By contrast, a chicken casserole in the IFCD (2012) had a vitamin K1 

content of <1µg/100g as it contained vegetables which have negligible amounts of 

vitamin K1 and no plant oil. This demonstrates the importance of not applying average 

values to recipes and assessing each recipe and composite dish individually.  

Vitamin K2 

In Ireland and Europe, there are no food composition datasets that are complete for 

the menaquinones. MK-4 is alkylated from menadione (vitamin K3) in mammals, 

which is present in some animal feeds or is the product of tissue-specific conversion 

from dietary phylloquinone using menadione as an intermediate during the conversion 

(Dialameh et al., 1971, Thijssen et al., 2006, EFSA Panel on Additives and Products 

or Substances used in Animal Feed, 2014). It has been reported that up to 25% of 

dietary phylloquinone may be converted to MK-4 (Shearer et al., 2012).  The addition 

of menadione to animal feeds has been deemed safe and is a common practice in many 

countries including Ireland (personal contact with manufacturers) and the countries in 

which composition data were borrowed for this study (National Research Council, 

1987, EFSA Panel on Additives and Products or Substances used in Animal Feed, 

2014). Foods highest in MK-4 include meats, eggs and dairy and it has been found in 

substantial concentrations in some mixed dishes and animal food products (Schurgers 

and Vermeer, 2000, Elder et al., 2006, Fu et al., 2016, Finnan et al., 2017, Fu et al., 

2017). In the IFCD (2012), ‘meat & meat products’ had a MK-4 content ranging from 

0-28µg/100g. Of this, the highest MK-4 concentration is in sausages. Fu et al. (2016) 

analysed the MK-4 content of processed and fresh cut pork products in the US and 

reported that the fat content of processed pork products was strongly associated with 

total vitamin K content. Pork sausages had a high fat content and thus a high MK-4 

concentration (27.5µg/100g). In the IFCD (2012), there are large ranges of MK-4 

content between different meat products and meat containing recipes depending on 

the type of meat present. For example, the MK-4 composition of a chicken curry is 

3.6µg/100g versus 0.3µg/100g for a beef curry, both of which have similar non-meat 
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ingredients. Even different forms of breakfast options have varying MK-4 

concentration depending on the animal products chosen; the MK-4 composition of a 

bacon and egg breakfast sandwich was 1.8µg/100g versus 4.0µg/100g in a sandwich 

containing sausage, egg and cheese (Ferreira, 2006). These findings are a further 

indication of the need to assess all foods individually not only for vitamin K1 but also 

for menaquinones to prevent the underestimation of vitamin K content.   

The longer chained menaquinones (MK-5-10) are exclusively synthesized by bacteria 

and a review of the literature has highlighted a lack of composition data for these forms 

of vitamin K2 (Walther and Chollet, 2017). Fermentation conditions and the types of 

bacterial strains used in the production process influence the concentrations and types 

of menaquinones present in the fermented food product (Walther et al., 2013). In the 

IFCD (2012), the MK-5-10 content of foods is highest in the following groups; ‘meat 

& meat products’, ‘cheese’, and ‘eggs & egg dishes’. Of the limited composition data 

available, high concentrations of the long chained menaquinones have been reported 

in cheese (24-72µg/100g) (Schurgers and Vermeer, 2000). Recent findings suggest 

that cheese may be the most important source of long chain menaquinones in the 

Western diet with different menaquinone concentrations in cheese depending on fat 

content, fermentation conditions, bacterial starter culture and geographical location 

(Vermeer et al., 2018). By contrast, a recent study in the US was the first to report a 

high menaquinone concentration in pork products (for example, sausages; MK-10 

300µg/100g). These differences may be attributed to variations in animal feeds 

between farms (Vermeer et al., 2018). In the IFCD (2012), of the ‘meat & meat 

products’ food group, ‘sausages’ contained the highest MK-5-10 concentration 

(341µg/100g) followed by the ‘cheese’ food group (72µg/100g). Meat products and 

dishes containing sausages, cheese or both had high MK-5-10 concentration in the 

IFCD (2012) (for example, sausage and bacon risotto; 75µg/100g, cheese omelette; 

25µg/100g). There were large differences in the concentration of MK-5-10 within 

individual recipes and mixed dishes depending on the type of meat and dairy 

ingredients, highlighting the importance of assessing each food as a separate entity. 
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Strengths and limitations 

The strengths of the present study include the high quality food consumption data 

available to conduct our analysis, which was collected at brand level in addition to 

collection of recipes of composite dishes at ingredient level. This allowed the vitamin 

K content of each food code to be assessed individually. Packaging was collected from 

participants of the national dietary surveys allowing an assessment of ingredients in 

retail products including nutritional supplements and infant formula. The subjective 

method of assigning vitamin K composition values to all food codes may be a 

limitation of this study however, values were assigned using the most suitable data 

reflective of foods on the Irish market and the method used in this study has been 

deemed appropriate for estimating nutrient composition when direct chemical analysis 

is not possible (Rand et al., 1991, Schakel et al., 1997). Additionally stringent quality 

control measures were applied to the construction of the database with each value 

assigned being checked and reviewed to ensure the best estimate of vitamin K content 

for the products on the Irish market. 

Conclusion 

This is the first study to assign vitamin K1 and vitamin K2 composition values to all 

foods and beverages in the IFCD (2012), ultimately to allow for the estimation of 

vitamin K intakes and sources in the Irish population. Published analytical values for 

vitamin K included in the UK COFID, USDA National Nutrient Database and 

published papers were used to assign vitamin K composition values to all foods and 

beverages. This composition database will add to the limited vitamin K composition 

data currently available in Ireland and will aid industry and public health researchers 

in the assessment of intakes at population level. Future researchers should consider 

the need for analytical values for the vitamin K content of foods in the Irish market 

place.
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Introduction 

Vitamin K is the name given to a family of fat-soluble compounds with a common 

chemical structure of 3- substituted 2-methyl-1,4 napthoquinone. The traditional role 

of vitamin K is in blood coagulation however, evidence suggests a role for vitamin K 

beyond coagulation in roles such as bone turnover and the inhibition of arterial 

calcification in adults (Booth, 2009, Vermeer, 2012, Halder et al., 2019). In children, 

it has been shown that a better vitamin K status is associated with a more pronounced 

increase in bone mineral content (O'Connor et al., 2007, Van Summeren et al., 2008). 

In addition, it has been reported that a better vitamin K status was associated with 

decreased bone turnover (Kalkwarf et al., 2004).   

Vitamin K1 (phylloquinone) is the predominant form of vitamin K in the diet and is 

found in foods such as green leafy vegetables and certain plant oils (Bolton-Smith et 

al., 2000). As there is no single biomarker to assess vitamin K status, an Estimated 

Average Requirement (EAR) cannot be established. In its absence, the European Food 

Safety Authority (EFSA) has set an Adequate Intake (AI) of 1µg phylloquinone per 

kg bodyweight per day for both adults and children based on its function in blood 

coagulation (EFSA Panel on Dietetic Products et al., 2017).   

There are few data available regarding vitamin K1 intakes in children and teenagers. 

A review of vitamin K intakes from national dietary surveys in Europe (Chapter 1) 

found that only two countries in Europe (Austria and Greece (assumed to be vitamin 

K1)) have reported intakes of vitamin K1 in children and teenagers (Manios et al., 

2008, Elmadfa et al., 2012). Intakes have also been reported in the UK (Prynne et al., 

2005) and by the National Health and Nutrition Examination Survey in America (US 

Department of Agriculture, 2018). For children aged 3-12 years, mean intakes ranged 

from 24-75µg/d and for teenagers aged 13-17 years 61-79 µg/d. In Ireland, the intake 

of vitamin K1 in adults aged 18-90 years has previously been published, (Hayes et al., 

2016) however, there are no data published on intakes of vitamin K1 in other 

population groups (with the exception of preliminary estimates for children aged 5-

12y using limited food composition data) (Hannon et al., 2007). Detailed dietary 

intake data are available from three national food consumption surveys in Ireland: The 

National Pre-School Nutrition Survey of 1-4 year olds (NPNS) (2010-11), the National 

Children’s Food Survey of 5-12 year olds (NCFS) (2003-04) and the National Teens’ 
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Food Survey of 13-17 year olds (NTFS) (2005-06). This chapter aims to use data from 

these surveys to estimate the intakes, sources and adequacy of vitamin K1 in Irish 

children and teenagers.  
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Methodology 

The analysis for this chapter is based on data from three nationally representative 

dietary surveys of the Irish population; the National Pre-school Nutrition Survey 

(NPNS) of 1-4 year olds (2010-11), the National Children’s Food Survey (NCFS) of 

5-12 year olds (2003-04) and the National Teens’ Food Survey (NTFS) of 13-17 year 

olds (2005-06) (www.iuna.net). The methodology for sampling, participant 

recruitment, data collection and food quantification for these surveys is described in 

chapter 2. The methods used when updating the vitamin K1 content of foods in the 

IFCD (2012) are outlined in detail in chapter 3. Methods specific to this chapter are 

outlined below.  

Food intake data collection and quantification  

Food and beverage intake data were estimated for 500 pre-school children aged 1-4 

years in the NPNS using a 4-day weighed food record. The fieldworker visited each 

participant 3 times over the recording period. For the NCFS, 594 children aged 5-12 

years completed a 7-day weighed food record with a total of four visits from the 

fieldworker over the recording period. Similarly, 441 teenagers aged 13-17 years 

completed the NTFS using a 7-day semi-weighed food record with four visits from 

the fieldworker over the recording period.  

For each survey, detailed information relating to the amount, type, cooking method, 

leftovers, packaging and brand of all foods and beverages (including nutritional 

supplements) consumed over the recording period was collected. Details of recipes of 

composite dishes were also recorded.  

All food and beverage items consumed across the four surveys were quantified via one 

of the following methods; weighed (using the digital food scales provided to each 

participant), age appropriate photographic food atlases (Nelson. et al., 1997, Foster. et 

al., 2010), standard portion weights (Food Standards Agency, 2002, Lyons et al., 

2013) and household measures (such as teaspoon, tablespoon, pint etc).  

Data entry 

Each food and beverage consumed was assigned a unique food code depending on its 

nutritional profile. Dietary data were then entered into the data entry system WISP© 

http://www.iuna.net/
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(Tinuviel Software, Anglesey, UK). A separate database (food file) was created for 

each survey with one line of data for each food and drink item consumed.  

Quality control 

A number of quality procedures were put in place in an attempt to minimise error and 

ensure consistency throughout the collection and data entry of food intake. Each 

fieldworker was primarily responsible for the collection, quantification, coding and 

data entry of their own participants’ food diaries in an attempt to maintain consistency. 

Vitamin K1 composition data 

As described in Chapter 3, each food code was assigned a vitamin K1 composition 

value using data from the UK Composition Of Foods Integrated Dataset (COFID) 

(Public Health England Composition of Foods Integrated Dataset, 2015), United 

States Department of Agriculture (USDA) National Nutrient Database (USDA 

National Nutrient Database for Standard References Release 28, 2015), published 

papers (Booth et al., 1993, Bolton-Smith et al., 2000, Dismore et al., 2003, Damon et 

al., 2005, Presse et al., 2015), manufacturers’ information and recipe calculation.  

Anthropometric measurements 

For each survey, the body weight of the child was measured in duplicate (to the nearest 

0.1kg) in the participant’s own homes. More details are available in Chapter 2. 

Statistical analysis 

Statistical analyses were carried out using SPSS© for Windows™ Version 22.0. The 

Mean Daily Intake (MDI) of vitamin K1 was estimated and differences in intakes 

between gender and age groups were assessed using independent sample T-tests 

regardless of normality (due to the large sample size). As sample size increases so 

does the robustness of t-tests to identify deviations from normality, thus parametric 

tests are recommended for large samples (Fagerland, 2012). To minimise type 1 errors 

(as a result of multiple testing), the Bonferoni adjustment was used by dividing the 

alpha level (0.05) by the number of comparisons. Therefore, intakes were considered 

to be significantly different from each other if P<0.01. All data were not normally 

distributed. The non-parametric Kruskal- Wallis test was used to determine significant 

differences between independent groups. Where significant differences were 
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identified by the Kruskal- Wallis test, the Mann Whitney U test was used to identify 

where these differences occurred. 

To estimate the key dietary sources of vitamin K1, all food and drinks consumed were 

allocated to one of nineteen food groups (Appendix I) and then further subdivided into 

68 food groups (NCFS & NTFS) or 77 food groups (NPNS) (Appendix II). The 

percent contribution of each food group to the MDI of vitamin K1 was calculated by 

the mean proportion method (Krebs-Smith et al., 1989) and the key contributors to 

intakes were determined in order of importance for each age group. This method 

provides information about the sources that are contributing to the nutrient intake ‘per 

person’ and is the preferred method when determining important food sources of a 

nutrient for individuals in the population group as opposed to investigating the sources 

of a nutrient within the food supply.
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Results 

Mean daily intake of vitamin K1 (µg/d & µg/kg/d)  

Table 1 presents the mean daily intake of vitamin K1 in Irish children aged 1 to 17 

years split by gender and age group for each survey group in µg/d. The MDI of vitamin 

K1 in pre-school children aged 1-4 years was 32.3µg/d and 39.9µg/d for school 

children aged 5-12 years. The MDI of vitamin K1 in teenagers aged 13-17 years was 

55.2µg/d. The MDI of vitamin K1 was significantly (P=0.000) different between all 

survey groups and there were no differences in mean intakes between boys and girls 

in any survey group.  

Table 2 presents the mean daily intake of vitamin K1 in Irish children aged 1 to 17 

years split by gender and age group for each survey group in µg/kg bodyweight/d.  

Expressed as a function of body weight (µg/kg bodyweight/d), the MDI of vitamin K1 

in 1-4 year olds, 5-12 year olds and 13-17 year olds was 2.2, 1.3 and 0.9µg/kg/d, 

respectively.  

The MDI (µg/kg/d) of vitamin K1 in pre-school children aged 1-4 years and children 

aged 5-12 years were above the AI of 1µg/kg/d. Intakes in teenagers aged 13-17 

(0.9µg/kg/d) years were below the AI for each gender/age group examined with the 

exception of younger teenage boys. Expressed as a function of body weight, the MDI 

of vitamin K1 was significantly (P=0.000) different between all survey groups and 

there were no differences in mean intakes between boys and girls in any survey group.  

Key sources of vitamin K1 

1 year olds  

Table 3 presents the key food groups that contributed to the mean daily intake of 

vitamin K1 in Irish pre-school children aged 1 to 4 years. For 1 year olds, ‘vegetable 

& vegetable dishes’ was the key source of vitamin K1 (26%). Of this, ‘green 

vegetables’ was the highest contributor at 14%. ‘Milks’ contributed 23% of the MDI 

of vitamin K1, of which 15% came from ‘fortified infant & young child formula’. 

‘Fruit & fruit juices’ contributed 17% of the MDI of vitamin K1. ‘Meat & meat 

products’ contributed 10% of the MDI of vitamin K1. ‘Potatoes & potato products’, 

butter, spreading fats & oils’ and ‘biscuits, cakes & pastries’ each contributed 4% of 

vitamin K1 intake for 1 year olds. 
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2-4 year olds  

‘Vegetable & vegetable dishes’ was the key source of vitamin K1 (23%-31%) in pre-

school children aged 2-4 year olds. Of this, ‘green vegetables’ accounted for between 

12-19% of vitamin K1 intake. ‘Fruit & fruit juices’ contributed 16-19% of the MDI of 

vitamin K1. At age 2 years, ‘milks’ accounted for 13% of vitamin K1 intake, of which, 

8% came from ‘fortified infant & young child formula’. At age 3 and 4 years, ‘milks’ 

contributed 7 and 5% of the MDI of vitamin K1, respectively. ‘Meat & meat products’ 

(11-12%) and ‘butter, spreading fats & oils’ (7-8%) were also important contributors 

to the MDI of vitamin K1 in this age group.   

5-12 year olds by gender and age group 

Table 4 and Table 5 report the contribution of food groups to the mean daily intake 

of vitamin K1 in Irish children aged 5 to 12 years by gender and age group. ‘Vegetable 

& vegetable dishes’ was the key source of vitamin K1 in Irish children aged 5-12 years 

(29%). Of this, ‘green vegetables’ contributed 16%. ‘Potatoes & potato products’ 

contributed 15% of the MDI of vitamin K1, of which, 12% came from ‘chipped, fried 

& roasted potatoes’. ‘Meat & meat products’ ‘butter, spreading fats & oils’ and ‘fruit 

& fruit juices’ contributed 11, 9 and 7% of the MDI of vitamin K1, respectively.  

13 to 17 year olds by gender and age group 

Table 6 and Table 7 present the key food groups that contributed to the mean daily 

intake of vitamin K1 in Irish teenagers aged 13 to 17 years by gender and age group. 

‘Vegetable & vegetable dishes’ was the key source of vitamin K1 in 13-17 year olds 

(32%). Of this, ‘green vegetables’ contributed 15%. ‘Potatoes & potato products’ 

contributed 17% of the MDI of vitamin K1, of which, 14% came from ‘chipped, fried 

& roasted potatoes’. ‘Meat & meat products’ contributed 13% of the MDI of vitamin 

K1, of which, 5% came from ‘meat dishes’. ‘Butter, spreading fats & oils’ and ‘soups, 

sauces & miscellaneous foods’ contributed 8 and 5% of the MDI of vitamin K1, 

respectively. 
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Table 1. The mean daily intake of vitamin K1 (µg/d) in children aged 1-17 years by gender and age group   

 

P- value 
 µg/d 

Age (years) Total Boys Girls 

 Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR 

1-4 y (n 500) 32.3a 22.7 26.9 18.4-38.9 32.3 23.6 26.8 18.1-39.1 32.3 21.7 27.1 18.7-38.4 0.711 

    1 y (n 126) 34.3 25.5 28.9 17.2-43.2 38.5 32.8 30.1 16.2-49.0 30.1 14.2 28.0 18.9-37.6  

2 y (n 124) 31.2 21.4 25.2 18.4-37.3 32.4 25.0 25.9 17.9-38.4 29.9 16.8 23.4 18.6-36.1  

3 y (n 126) 30.0 19.0 25.8 18.1-36.1 27.8 18.2 23.3 16.0-35.3 32.0 19.7 28.1 19.2-41.2  

4 y (n 124) 33.7 24.2 27.2 20.0-40.3 30.3 12.6 27.3 21.4-39.1 37.2 31.8 26.4 17.7-45.3  

              

5-12 y (n 594) 39.9b 23.8 33.2 24.3-49.2 39.8 24.0 32.4 24.9-49.5 39.9 23.6 34.0 23.7-48.5 0.957 

5-8 y (n 296) 37.6 22.5 30.7 22.3-46.0 36.7 21.1 30.6 23.7-45.7 38.6 23.9 31.3 21.0-47.0  

9-12 y (n 298) 42.1 24.8 35.2 26.1-51.4 42.8 26.2 35.4 27.0-52.5 41.3 23.3 35.0 26.0-49.2  

              

13-17 y (n 441) 55.2c 31.3 49.7 33.5-69.2 59.8 35.2 53.1 35.7-77.1 50.5 25.8 45.5 30.7-62.6 0.004 

13-14 y (n 188) 53.9 28.1 48.2 32.9-69.6 58.7 28.8 54.4 36.9-79.6 49.1 26.8 44.6 29.6-62.5  

15-17 y (n 253) 56.1 33.4 50.2 35.1-69.2 60.6 39.4 51.3 35.4-75.5 51.5 25.1 47.3 32.8-63.0  

Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.01) denoted by * 

Differences between age groups were assed using a Kruscal Wallis test (P=0.000) with differences denoted by different superscript lower case letters 

Vitamin K1 intakes in 1-4y olds were different than 5-12 year olds (P=0.000) and 13-17 year olds (P= 0.000); Vitamin K1 intakes in 5-12 year olds were different than 13-17 year olds (P =0.000) 
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Table 2.  The mean daily intake of vitamin K1 (µg/kg/d) in children aged 1-17 years by gender and age group   

 

P- value 
 µg/kg/d 

Age (years) Total Boys Girls 

 Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR 

1-4 y (n 497) 2.2a 1.7 1.7 1.2-2.7 2.2 2.0 1.6 1.1-2.5 2.2 1.4 1.8 1.3-2.8 0.126 

    1 y (n 126) 3.0 2.3 2.4 1.5-3.8 3.3 2.9 2.4 1.3-4.0 2.6 1.3 2.3 1.6-3.6  

    2 y (n 122) 2.3 1.6 1.7 1.3-2.8 2.3 1.8 1.7 1.3-3.0 2.2 1.3 1.7 1.3-2.7  

    3 y (n 126) 1.8 1.2 1.5 1.0-2.2 1.6 1.3 1.3 0.9-2.0 2.0 1.1 1.6 1.2-2.5  

    4 y (n 123) 1.8 1.4 1.5 1.1-2.2 1.7 0.7 1.5 1.1-2.1 2.0 1.8 1.4 1.1-2.6  

              

5-12 y (n 594) 1.3b 0.8 1.1 0.8-1.6 1.3 0.8 1.1 0.8-1.5 1.3 0.8 1.0 0.8-1.6 0.553 

    5-8 y (n 296) 1.5 0.9 1.2 0.9-1.9 1.5 0.9 1.3 0.9-1.7 1.5 0.9 1.2 0.9-1.9  

    9-12 y (n 298) 1.1 0.7 0.9 0.7-1.4 1.1 0.8 0.9 0.7-1.4 1.0 0.6 0.9 0.6-1.3  

              

13-17 y (n 332) 0.9c 0.5 0.8 0.6-1.1 1.0 0.6 0.8 0.6-1.2 0.9 0.5 0.8 0.6-1.1 0.630 

    13-14 y (n 146) 1.0 0.6 0.8 0.6-1.3 1.0 0.6 0.8 0.6-1.4 0.9 0.6 0.8 0.6-1.1  

    15-17 y (n 186) 0.9 0.5 0.8 0.5-1.1 0.9 0.5 0.7 0.5-1.0 0.9 0.5 0.8 0.5-1.1  

Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.01) denoted by * 

Differences between age groups were assed using a Kruscal Wallis test (P=0.000) with differences denoted by different superscript lower case letters 

Vitamin K1 intakes in 1-4y olds were different than 5-12 year olds (P=0.000) and 13-17 year olds (P= 0.000); Vitamin K1 intakes in 5-12 year olds were different than 13-17 year olds (P =0.000) 
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 Table 3. Contribution (µg & %) of food groups to the mean daily intake of vitamin K1 in Irish pre-school children aged 1 to 4 years 

  

Food Groups 

Total   

(n 500)  

1 year olds  

(n 126)  

2 year olds  

(n 124) 

3 year olds  

  (n 126) 

4 year olds  

 (n 124) 

 µg % µg % µg % µg % µg % 

Vegetable & vegetable dishes 11.7 26.3 12.3 25.6 9.5 23.1 10.5 25.1 14.4 31.3 

Green vegetables 8.0 15.1 8.5 14.4 5.9 12.0 7.0 14.7 10.5 19.4 

Peas, beans & lentils 1.0 3.4 1.1 3.2 0.9 3.3 0.9 3.2 1.1 3.7 
Other vegetables 2.7 7.8 2.8 7.9 2.7 7.8 2.6 7.3 2.9 8.2 

Fruit & fruit juices 5.0 17.5 4.9 16.9 5.0 18.8 5.5 18.6 4.5 15.7 
Grapes & berries 1.5 5.6 1.3 5.1 1.5 6.0 2.0 6.5 1.3 4.7 

Fruit juices & purees 0.9 3.4 1.1 4.0 1.0 3.5 1.0 3.6 0.7 2.4 

Other Fruits 2.5 8.6 2.5 7.8 2.5 9.3 2.5 8.5 2.4 8.6 

Milks 4.0 12.1 7.9 23.2 4.6 13.2 1.8 6.9 1.6 5.0 

Fortified infant & young child formula 2.6 6.3 6.1 15.2 3.2 7.5 0.6 1.8 0.4 0.8 

Other milks 1.4 5.7 1.8 7.9 1.4 5.7 1.2 5.1 1.1 4.2 
Meat & meat products 3.1 11.2 2.9 10.4 3.5 11.9 3.0 11.3 3.1 11.3 

Butter, spreading fats & oils 1.6 6.1 0.9 3.5 1.7 7.0 1.9 7.6 1.8 6.5 

Potatoes & potato products 1.3 5.4 0.9 3.9 1.3 5.0 1.6 6.6 1.5 6.0 

Biscuits, cakes & pastries 1.3 4.8 1.1 3.8 1.2 4.3 1.2 5.0 1.7 5.9 

Soups, sauces, & miscellaneous foods 1.0 3.2 0.6 2.1 1.2 3.5 0.9 3.3 1.2 3.8 

Bread & rolls 0.6 2.3 0.3 1.3 0.6 2.6 0.7 2.7 0.7 2.6 

Fish & fish dishes 0.6 2.0 0.5 1.7 0.4 1.5 0.6 2.3 0.7 2.3 

Sugars, confectionery, preserves & savoury snacks 0.5 2.4 0.2 1.0 0.5 2.2 0.7 3.5 0.7 2.9 

Breakfast cereals 0.5 2.0 0.7 2.6 0.5 2.1 0.4 1.7 0.4 1.7 

Grains, rice, pasta and savouries 0.4 1.6 0.4 1.4 0.4 1.5 0.4 1.7 0.4 1.6 

Cheese 0.3 1.3 0.3 1.1 0.3 1.4 0.3 1.3 0.4 1.3 

Creams, ice-creams & chilled desserts 0.2 0.5 0.1 0.3 0.2 0.6 0.1 0.6 0.2 0.7 

Yogurt & fromage frais 0.2 0.7 0.2 0.8 0.1 0.6 0.2 0.7 0.1 0.6 

Eggs & egg dishes 0.1 0.4 0.1 0.3 0.1 0.5 0.1 0.4 0.1 0.3 

Nuts seeds herbs & spices 0.1 0.3 0.1 0.2 0.0 0.2 0.1 0.6 0.1 0.2 

Beverages 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.1 

Total 32.3 100 34.3 100 31.2   100 30.0   100 33.7   100 
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Table 4. Contribution (µg & %) of food groups to the mean daily intake of  vitamin K1 in 

Irish children aged 5 to 12 years by age group  

  

Food Groups 

All 

(n 594) 

5-8y 

(n 296) 

9-12y 

(n 298) 

µg % µg % µg % 

Vegetable & vegetable dishes 16.0 29.3 15.5 30.0 16.5 28.6 

Green vegetables 9.3 15.8 9.6 17.0 9.0 14.6 

Peas, beans & lentils 1.5 4.3 1.7 4.8 1.4 3.8 

Vegetable & pulse dishes 2.7 4.0 2.2 3.6 3.2 4.4 

Other vegetables 2.5 5.2 2.0 4.7 2.9 5.7 

Potatoes & potato products 4.9 15.0 4.2 13.7 5.7 16.3 

Chipped, fried & roasted products 4.1 12.3 3.4 10.9 4.8 13.6 

Other potatoes and potato 

products  
0.9 2.7 0.9 2.8 0.9 2.7 

Meat & meat products 4.0 11.4 3.4 10.9 4.5 11.8 

Meat products 2.0 6.1 1.7 5.7 2.4 6.6 

Meat dishes  1.8 4.8 1.7 4.9 1.9 4.8 

Other meats 0.1 0.4 0.1 0.3 0.1 0.5 

Butter, spreading fats & oils 3.1 9.4 2.9 9.4 3.3 9.3 

Fruit & fruit juices 2.8 7.4 3.0 8.6 2.5 6.3 

Sugars, confectionery, preserves & 

savoury snacks 
1.7 5.5 1.5 5.2 1.9 5.9 

Milk & yoghurt  1.6 5.3 1.7 5.8 1.6 4.7 

Biscuits, cakes & pastries 1.6 4.8 1.6 5.0 1.6 4.7 

Soups, sauces & miscellaneous foods 1.0 2.5 0.8 2.3 1.1 2.7 

Grains, rice, pasta and savouries 0.8 2.3 0.7 2.2 0.8 2.4 

Bread & rolls 0.7 2.0 0.6 2.0 0.7 2.1 

Breakfast cereals  0.4 1.3 0.4 1.3 0.4 1.2 

Fish & fish dishes 0.4 1.0 0.4 1.1 0.4 0.9 

Creams, ice-creams & chilled 

desserts 
0.4 1.0 0.3 0.9 0.4 1.2 

Cheese 0.2 0.8 0.2 0.8 0.3 0.8 

Eggs & egg dishes 0.2 0.6 0.2 0.6 0.2 0.6 

Beverages 0.1 0.3 0.1 0.2 0.1 0.4 

Nuts, seeds, herbs & spices 0.1 0.2 0.1 0.2 0.1 0.2 

Total  39.9 100 37.6 100 42.1 100 
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Table 5. Contribution (µg & %) of food groups to the mean daily intake of vitamin K1 in Irish children aged 5 to 12 years by gender and age group  

  

Food Groups 

Boys Girls 

All ages 

(n 291) 

5-8y 

(n 144) 

9-12y 

(n 147) 

All ages 

(n 303) 

5-8y 

(n 152) 

9-12y 

(n 151) 

µg % µg % µg % µg % µg % µg % 

Vegetable & vegetable dishes 15.5 28.1 14.2 28.6 16.8 27.6 16.4 30.5 16.7 31.4 16.1 29.6 

Green vegetables 9.3 15.8 9.5 17.2 9.1 14.4 9.3 15.8 9.6 16.7 9.0 14.9 

Peas, beans & lentils 1.8 4.8 2.0 5.6 1.5 4.1 1.3 3.7 1.4 4.0 1.2 3.5 

Vegetable & pulse dishes 2.3 3.0 1.1 1.8 3.6 4.2 3.0 5.0 3.2 5.3 2.8 4.7 
Other vegetables 2.1 4.4 1.6 4.0 2.6 4.9 2.8 5.9 2.5 5.4 3.1 6.5 

Potatoes & potato products 5.2 15.4 4.6 14.4 5.8 16.5 4.7 14.6 3.9 13.0 5.6 16.1 
Chipped, fried & roasted products 4.3 12.8 3.7 11.5 4.9 14.0 3.8 11.8 3.1 10.4 4.6 13.2 

Other potatoes and potato products  0.8 2.6 0.9 2.9 0.8 2.4 0.9 2.8 0.8 2.7 1.0 2.9 

Meat & meat products 4.1 11.5 3.6 11.5 4.5 11.6 3.8 11.2 3.3 10.3 4.4 12.1 
Meat products 2.1 6.4 1.9 6.5 2.4 6.3 1.9 5.9 1.5 4.9 2.4 6.8 

Meat dishes 1.8 4.8 1.6 4.6 2.0 4.9 1.8 4.9 1.7 5.1 1.9 4.7 

Other meats 0.1 0.4 0.1 0.4 0.1 0.4 0.1 0.4 0.1 0.3 0.1 0.5 
Butter, spreading fats & oils 3.4 9.8 3.2 10.0 3.6 9.7 2.8 8.9 2.7 8.9 3.0 8.9 

Fruit & fruit juices 2.6 7.2 2.9 8.5 2.3 5.9 2.9 7.6 3.1 8.6 2.7 6.6 

Sugars, confectionery, preserves & savoury snacks 1.7 5.5 1.5 5.0 1.9 5.9 1.7 5.6 1.5 5.4 1.9 5.8 

Biscuits, cakes & pastries 1.6 5.1 1.6 5.3 1.6 4.9 1.6 4.6 1.6 4.6 1.6 4.5 

Milk & yoghurt  1.8 5.7 1.7 5.9 1.8 5.6 1.4 4.8 1.6 5.6 1.3 3.9 

Soups, sauces & miscellaneous foods 0.7 1.9 0.5 1.5 0.9 2.2 1.2 3.1 1.2 3.0 1.3 3.1 

Grains, rice, pasta and savouries 0.7 2.2 0.5 1.8 0.9 2.7 0.8 2.3 0.8 2.5 0.8 2.2 

Bread & rolls 0.7 2.2 0.7 2.1 0.7 2.2 0.6 1.9 0.6 1.8 0.7 2.0 

Breakfast cereals  0.5 1.5 0.4 1.5 0.5 1.6 0.3 1.0 0.3 1.1 0.3 0.9 

Fish & fish dishes 0.4 1.1 0.4 1.3 0.4 0.9 0.4 0.9 0.4 0.9 0.4 1.0 

Creams, ice-creams & chilled desserts 0.3 0.9 0.3 1.0 0.3 0.9 0.4 1.2 0.3 0.9 0.5 1.4 

Cheese 0.2 0.7 0.2 0.6 0.3 0.7 0.3 0.8 0.3 0.9 0.3 0.8 

Eggs & egg dishes 0.2 0.6 0.2 0.5 0.3 0.7 0.2 0.6 0.2 0.6 0.2 0.5 

Beverages 0.1 0.3 0.1 0.2 0.1 0.4 0.1 0.3 0.1 0.2 0.1 0.4 

Nuts, seeds, herbs & spices 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.3 

Total 39.8 100 36.7 100 42.8 100 39.9 100 38.6 100 41.3 100 
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Table 6. Contribution (µg & %) of food groups to the mean daily intake of vitamin K1 in Irish 

teenagers aged 13 to 17 years by age group  

Food groups 

All 

(n 441) 

13-14y 

(n 188) 

15-17y 

(n 253) 

µg % µg % µg % 

Vegetable & vegetable dishes 23.0 32.3 23.4 33.2 22.8 31.7 

Green vegetables 11.6 14.6 13.5 16.8 10.1 13.1 

Salad vegetables 3.7 5.9 2.9 5.0 4.2 6.6 

Other vegetables 7.8 11.8 6.9 11.4 8.4 12.1 

Potatoes & potato products 7.9 16.9 7.8 17.5 8.0 16.5 

Chipped, fried & roasted potatoes  6.5 14.1 6.4 14.6 6.5 13.7 

Other potatoes & potato products 1.4 2.8 1.4 2.9 1.4 2.8 

Meat & meat products 6.2 13.2 6.2 13.2 6.2 13.2 

Meat dishes 2.5 5.4 2.3 5.0 2.7 5.7 

Meat products 2.0 4.2 2.1 4.1 1.9 4.2 

Other meats 1.7 3.7 1.8 4.1 1.6 3.3 

Butter, spreading fats & oils 4.0 8.4 4.0 8.8 4.1 8.2 

Soups, sauces & miscellaneous foods 2.4 4.7 1.8 3.6 2.9 5.4 

Sugars, confectionery, preserves & savoury snacks 1.9 4.6 1.9 4.8 1.9 4.4 

Fruit & fruit juices 2.2 4.1 2.0 3.9 2.4 4.3 

Milk & yoghurt  1.4 3.1 1.4 3.1 1.4 3.1 

Biscuits, cakes & pastries 1.4 2.8 1.2 2.7 1.4 2.8 

Grains, rice, pasta and savouries. 1.3 2.8 1.1 2.4 1.4 3.0 

Bread & rolls 0.8 1.8 0.7 1.6 1.0 1.9 

Fish & fish dishes 0.6 1.1 0.6 1.2 0.6 1.0 

Breakfast cereals  0.4 1.0 0.4 0.9 0.5 1.0 

Cheese 0.5 1.0 0.4 1.0 0.5 0.9 

Beverages 0.3 0.7 0.2 0.6 0.3 0.8 

Creams, ice-creams & chilled desserts 0.4 0.7 0.3 0.7 0.4 0.8 

Eggs & egg dishes 0.3 0.5 0.3 0.5 0.2 0.5 

Nuts, seeds, herbs & spices 0.2 0.3 0.2 0.3 0.2 0.3 

Total 55.2 100 53.9 100 56.1 100 
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Table 7. Contribution (µg & %) of food groups to the mean daily intake of vitamin K1 in Irish teenagers aged 13 to 17 years by gender and age group  

Food groups 

Boys Girls 

All ages 

(n 224) 

13-14y 

(n 94) 

15-17y 

(n 130) 

All ages 

(n 217) 

13-14y 

(n 94) 

15-17y 

(n 123) 

µg % µg % µg % µg % µg % µg % 

Vegetable & vegetable dishes 24.4 31.2 25.5 33.9 23.6 29.2 21.6 33.5 21.2 32.4 21.9 34.4 

Green vegetables 12.9 15.0 15.1 18.1 11.2 12.8 10.3 14.2 12.0 15.5 9.0 13.3 

Salad vegetables 3.4 4.8 3.1 4.4 3.6 5.0 4.0 7.1 2.8 5.6 4.9 8.2 

Other vegetables 8.2 11.4 7.3 11.5 8.8 11.3 7.4 12.2 6.5 11.3 8.0 12.9 

Potatoes & potato products 8.6 16.7 8.4 17.0 8.8 16.5 7.2 17.1 7.2 17.9 7.1 16.5 

Chipped, fried & roasted products 7.0 13.6 6.7 13.6 7.2 13.6 6.0 14.6 6.1 15.6 5.9 13.8 

Other potatoes & potato products 1.7 3.1 1.7 3.3 1.6 3.0 1.2 2.5 1.1 2.3 1.2 2.7 

Meat & meat products 7.2 14.5 6.9 12.9 7.5 15.6 5.1 12.0 5.5 13.5 4.8 10.8 

Meat dishes 3.1 6.1 2.7 5.0 3.4 6.9 2.0 4.7 2.0 4.9 1.9 4.5 

Meat products 2.5 5.0 2.6 4.7 2.4 5.2 1.5 3.3 1.6 3.6 1.4 3.1 

Other meats 1.7 3.4 1.6 3.2 1.8 3.5 1.7 4.0 2.0 5.1 1.4 3.2 

Butter, spreading fats & oils 4.7 9.3 4.9 9.7 4.6 9.0 3.3 7.6 3.1 7.9 3.5 7.4 

Soups, sauces & miscellaneous foods 2.3 3.8 1.5 2.7 2.9 4.6 2.6 5.6 2.2 4.6 2.9 6.3 

Sugars, confectionery, preserves & savoury snacks 1.8 4.1 1.8 4.2 1.8 4.0 2.0 5.1 2.1 5.4 2.0 4.8 

Fruit & fruit juices 2.2 3.5 1.9 3.2 2.4 3.8 2.3 4.7 2.0 4.6 2.5 4.8 

Milk & yoghurt  1.8 3.8 1.8 4.0 1.8 3.8 1.0 2.4 0.9 2.2 1.1 2.5 

Biscuits, cakes & pastries 1.5 2.8 1.3 2.5 1.7 3.1 1.2 2.7 1.2 2.9 1.2 2.6 

Grains, rice, pasta and savouries 1.4 2.7 1.4 2.5 1.5 2.9 1.2 2.8 0.9 2.3 1.3 3.1 

Bread & rolls 0.9 1.8 0.7 1.5 1.1 1.9 0.8 1.8 0.6 1.6 0.9 1.9 

Fish & fish dishes 0.7 1.2 0.7 1.4 0.6 0.9 0.6 1.0 0.5 0.9 0.6 1.1 

Breakfast cereals  0.6 1.2 0.5 1.1 0.6 1.3 0.3 0.7 0.3 0.7 0.3 0.8 

Cheese 0.5 1.0 0.4 0.8 0.6 1.1 0.4 1.0 0.5 1.1 0.4 0.8 

Beverages 0.3 0.7 0.3 0.5 0.4 0.8 0.3 0.7 0.2 0.7 0.3 0.8 

Creams, ice-creams & chilled desserts 0.4 0.7 0.4 0.8 0.4 0.7 0.3 0.7 0.3 0.6 0.4 0.8 

Eggs & egg dishes 0.3 0.6 0.4 0.6 0.3 0.6 0.2 0.5 0.2 0.4 0.2 0.5 

Nuts, seeds, herbs & spices 0.2 0.4 0.3 0.5 0.2 0.4 0.1 0.2 0.1 0.2 0.1 0.2 

Total 59.8 100 58.7 100 60.6 100 50.5 100 49.1 100 51.5 100 
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Discussion 

The aim of this chapter was to estimate the mean daily intake and key dietary sources 

of vitamin K1 in Irish children aged 1-17 years across three nationally representative 

dietary surveys of children in Ireland. The key finding was that vitamin K1 intake was 

generally above the AI of 1µg/kg/d proposed by EFSA with ‘vegetable & vegetable 

dishes’ the key source of vitamin K1 in all gender and age groups.  

Based on the role of vitamin K in blood coagulation, EFSA have set an AI of 1µg/kg/d 

for all gender and age groups (EFSA Panel on Dietetic Products et al., 2017). Recent 

studies have suggested a role of vitamin K beyond its traditional role in blood 

coagulation in functions such as bone health, cardiovascular health, and cognition and 

anti-inflammatory functions in adults (Booth, 2009, Vermeer, 2012, Halder et al., 

2019). In addition, it has been demonstrated that a better vitamin K status is associated 

with decreased bone turnover (Kalkwarf et al., 2004) and an increase in bone mineral 

content in children (O'Connor et al., 2007, Van Summeren et al., 2008). 

Vitamin K1 intake in Irish children at age 1-4 years was above the AI of 1µg/kg/d (Age 

1: 3.0µg/kg/d, age 2: 2.3µg/kg/d, age 3 & 4: 1.8µg/kg/d). Vitamin K1 intake in 4 year 

old Irish children were compared to the intake reported by Prynne et al. (2005) in 4 

year old children from Britain. The cross-sectional National Diet and Nutrition 

Surveys (1992/93 and 1997) used a 4-day (1992/93) and 7-day (1997) weighed dietary 

record to estimate vitamin K1 intake. Intakes were 1.4µg/kg/d (average across the two 

surveys) for British children aged 4 years in the 1990s, which is lower than intakes 

reported in Irish children of the same age.  

The Genesis study (2003-2004) aimed to assess the nutrient adequacy of a 

representative sample (n 2,374) of toddlers and pre-school children aged 1-5 years in 

Greece using dietary data collected via a 3-day weighed food record (Manios et al., 

2008). Usual intakes of vitamin K (assumed to be vitamin K1) were 32.2µg/d which is 

similar to the 32.3µg/d found in the NPNS from age 1-4 years.  

For Irish children aged 5-12 years, intakes of vitamin K1 were above the AI of 

1µg/kg/d (5-8 years; 1.5 µg/kg/d, 9-12 years; 1.1 µg/kg/d). There were no difference 

in intakes between boys and girls. Vitamin K1 intakes in teenagers aged 13-17 years 

were less than the AI of 1µg/kg/d with the exception of younger boys aged 13-14 

years. In general, intakes in Irish children and teenagers in this study were lower than 



  

88 
 

intakes reported in national surveys in Austrian and American children. The Austrian 

dietary survey (2010-2012) used a 3-day dietary record to estimate food and beverage 

intakes in 163 girls and 169 boys aged 7 to 14 years (Elmadfa et al., 2012). Vitamin 

K1 intakes were 67 and 74µg per day for Austrian boys and girls aged 7-9 years, 

respectively. These findings are higher than intakes reported in the Irish NCFS (5-8 

year olds; 37.6µg/d, 9-12 year olds; 42.1µg/d).  Vitamin K1 intakes at age 13-14 years 

in Austria were 69 and 61µg/d in boys and girls aged 13-14 years, respectively, versus 

49.1 and 58.7µg/d in boys and girls of the same age in the Irish NTFS, respectively.  

Vitamin K1 intakes were reported for children and teenagers in the National Health 

and Nutrition Examination Survey (NHANES) (2015-2016); a national food survey in 

America (US Department of Agriculture, 2018). Intakes in American children at age 

2-5 years, 6-11 years and 12-19 years were 48-55, 63 and 74-79µg/d, respectively. 

Although there are differences in the age categories between NHANES and the Irish 

data, in general, vitamin K1 intakes are higher in American children.  

Across all survey groups, ‘vegetable & vegetable dishes’ was the key source of 

vitamin K1 intake (26-32%). Of this, ‘green vegetables’ accounted for 15-16% of 

intake. ‘Fruit & fruit juices’ was the second highest contributor to the MDI of vitamin 

K1 in pre-school children with a contribution of 5µg (18% of total intake). Fruit & 

fruit juices’ only contributed 4-9% of total vitamin K1 intake in older age groups (5-

12 years; 13-17 years). The difference is attributable to the higher consumption of 

‘fruit & fruit juices’ in Irish pre-school children (132g-198g) compared to the older 

age groups (148-162g). Fruit juices typically do not contain vitamin K1; therefore, the 

contribution from the ‘fruit & fruit juices’ food group is coming from the consumption 

of whole fruits some of which contain moderate amounts of vitamin K1 such as green 

fruits and berries (Dismore et al., 2003).  

For pre-school children (1-4 years), the contribution of vitamin K1 from ‘milks’ was 

23% at age 1 year with ‘fortified infant and young child formula’ accounting for 15% 

of intakes. The typical vitamin K composition of infant and child formulae consumed 

on the NPNS were 4-10µg vitamin K per 100ml. No other milks other than ‘infant and 

young child formula’ were fortified with vitamin K. According to EFSA, intakes of 

12 µg per day are deemed adequate to meet the vitamin K needs of infants 12 to <36 

months, (EFSA Panel on Dietetic Products and Allergies, 2013) and it is recommended 
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that all infant and follow on formulas are fortified with vitamin K to a minimum level 

of 1µg/100kcal (EFSA Panel on Dietetic Products and Allergies, 2014) to ensure 

normal blood coagulation of the infant.  

For older children and teenagers, ‘potatoes & potato products’ was the second highest 

contributor to the MDI of vitamin K1 (15-17%).  It is important to note that this is 

predominantly from ‘chipped, fried & roasted products’ (12-14%) due to the oils used 

in their preparation and cooking. Some vegetable and seed oils are considered to be 

one of the few food categories high in vitamin K1 (Peterson et al., 2002). Examples of 

oils high in vitamin K1 include olive oil (57.5µg/100g) and blended vegetable oil 

(114.4µg/100g); however, sunflower (6.3µg/100g) and corn oil (3 µg/100g) are 

considered low in vitamin K1. Thus, the vitamin K1 content of certain foods cooked or 

produced with oils will vary depending on the type of oils used in its preparation. This 

study accounted for the use of different oils in food preparation and cooking due to 

the ability to separate recipes at an ingredient level. The vitamin K1 content of oils can 

also be variable depending on light exposure, storage conditions and also within 

brands (Ferland and Sadowski, 1992, Peterson et al., 2002).  

Few studies have investigated the sources of vitamin K1 in children. Prynne et al. 

(2005) reported that ‘vegetable and vegetable products’ contributed 48% of vitamin 

K1 intake in British children aged 4 years, of which, 15% came from ‘green leafy 

vegetables’. Intakes (g/d) of vegetables in British children and Irish children were 

125g/d and 60g/d, respectively, which may explain the higher contribution from 

vegetables in the British children. ‘Potato and potato products’ accounted for 18% of 

intakes in British children which is far higher than the 6% contribution in the Irish 

children at age 4 years. Variances in the foods included in the ‘potato and potato 

products’ may partly explain the large difference considering that crisps were included 

in this food category in the study by Prynne et al. (2005). Additional foods may have 

been included that are not outlined. Similarly, data from the Food and Drug 

Administrations Total Diet Study in the US (1987-88) reported that green vegetables 

were the top contributor to vitamin K1 intake (26-35%) across each gender and age 

group from 2-16 years (Booth et al., 1996). 
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Strengths and limitations 

The main strengths of the present study were the high quality dietary data available to 

conduct our analysis (including brand level detail) and the use of nationally 

representative data for estimating vitamin K1 intake and adequacy. Furthermore, the 

detailed methodology used to assign vitamin K1 values to each food consumed is a 

great strength of this study (chapter 3). Each recipe consumed across the three surveys 

were individually analysed to account for the different types of oils and vegetables 

used in mixed dishes which has a significant influence on vitamin K1 content.  

Although under reporting of food consumption is an issue with dietary assessment 

especially in children and adolescents, this was minimised across the three surveys by 

high levels of interaction with trained researchers over the food diary recording period. 

Conclusions 

This study will add to the small pool of data examining vitamin K1 intake in children 

and is the first of its kind to report the intake and key dietary sources of vitamin K1 in 

nationally representative samples of Irish children and teenagers. Vitamin K1 intake 

in preschool (1-4 years) and school-aged children (5-12 years) were above the AI of 

1µg/kg/d. However, vitamin K1 intake in teenagers was less than the AI with the 

exception of younger boys aged 13-14 years. ‘Vegetable & vegetable dishes’ was 

consistently the highest contributor to vitamin K1 intake across all gender and age 

groups in the three surveys. There was a steady increase in the contribution from this 

food group with increasing age across each survey (1-4 years; 26%, 5-12 years; 29%, 

13-17 years; 32%). ‘Fruit & fruit juices’ was the second highest contributor to vitamin 

K1 intake from age 1-4 years (16%-19%). The contribution from ‘milks’ decreased 

significantly with increasing age from age 1 year to age 3-4 years primarily due to 

consumption of ‘fortified infant and young child formula’ in the earlier years.  

‘Potatoes & potato products’ was also an important source of vitamin K1 in the older 

age groups (5-12 years & 13-17 years) (15-17%). Of this, ‘chipped, fried & roasted 

products’ accounted for between 12-14% of vitamin K1 intake predominantly due to 

the oils used in their preparation and cooking. Further investigation is necessary to 

fully understand the role of vitamin K in overall health in children and teenagers and 

the implications of long-term lower vitamin K status throughout childhood. 
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Introduction 

Menaquinones or vitamin K2 are a biologically active form of vitamin K that contain 

side chains of varying length typically between 4 and 13 isoprene units. Menaquinones 

are synthesized by bacteria with the exception of menaquinone-4; which is formed 

from the tissue specific conversion from dietary phylloquinone or menadione present 

in animal feed (Dialameh et al., 1971, Okano et al., 2008, EFSA Panel on Additives 

and Products or Substances used in Animal Feed, 2014). The longer chained 

menaquinones (menaquinone-5-10) are synthesised by bacteria including bacteria that 

function in food fermentation. Fermentation conditions and the starter culture used 

influence the concentration and type of menaquinones present in the food product 

(Walther et al., 2013). Intestinal bacteria also produce menaquinones however, their 

contribution to vitamin K nutrition in the body is not yet fully understood (Conly et 

al., 1994, Suttie, 1995, Karl et al., 2017).  

Due to its bacterial origin, vitamin K2 is found in fermented food products and foods 

of animal origin such as meat, eggs and dairy and may account for up to 25% of total 

vitamin K intake (Schurgers and Vermeer, 2000, Elder et al., 2006, Ferreira, 2006, Fu 

et al., 2016, Fu et al., 2017). Although vitamin K1 is the predominant form of vitamin 

K in the human diet, the bioavailability of vitamin K2 has been shown to be far higher 

than that of its vitamin K1 counterpart (Schurgers and Vermeer, 2000, Schurgers and 

Vermeer, 2002, Schurgers et al., 2007).   

Studies investigating menaquinone intakes in adults and their association with specific 

health outcomes globally have reported that menaquinones may be important for bone 

health, cardiovascular health and cognition with intakes typically ranging from 12-

35µg/d (Schurgers et al., 1999, Geleijnse et al., 2004, Nimptsch et al., 2008, Beulens 

et al., 2009, Gast et al., 2009, Apalset et al., 2010, Beulens et al., 2010, Nimptsch et 

al., 2010, Apalset et al., 2011, Vissers et al., 2013, McCann et al., 2019). Despite this, 

the European Food Safety Authority (EFSA) has stated that there is still insufficient 

evidence on the function, bioavailability and content of menaquinones in the body to 

set a dietary reference value for vitamin K2 (EFSA Panel on Dietetic Products et al., 

2017).    

The Irish Food Composition Database (IFCD) (2012) is a database of all food and 

beverages consumed by the Irish population from four nationally representative 
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dietary surveys. The IFCD (2012) has recently been updated to include menaquinone 

composition data (chapter 3). This chapter aims to use these data to estimate the 

intakes and key dietary sources of menaquinones (menaquinone-4 (MK-4) & 

menaquinone-5-10 (MK-5-10)) in the Irish population aged 1-90 years.  
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Methodology 

The analysis for this chapter is based on data from four nationally representative 

dietary surveys of the Irish population; the National Pre-school Nutrition Survey 

(NPNS) of 1-4 year olds (2010-11), the National Children’s Food Survey (NCFS) of 

5-12 year olds (2003-04), the National Teens’ Food Survey (NTFS) of 13-17 year olds 

(2005-06) and the National Adult Nutrition Survey (NANS) of 18-90 year olds (2008-

10) (www.iuna.net). The methodology for sampling, participant recruitment, data 

collection and food quantification for these surveys is described in chapter 2. The 

methods used when updating the menaquinone content of foods in the IFCD (2012) 

are outlined in detail in chapter 3. Methods specific to this chapter are outlined below.  

Food intake data collection and quantification  

Food and beverage intake data were estimated for 500 pre-school children aged 1-4 

years in the NPNS using a 4-day weighed food record. The fieldworker visited each 

participant 3 times over the recording period. For the NCFS, 594 children aged 5-12 

years completed a 7-day weighed food record with a total of four visits from the 

fieldworker over the recording period. Similarly, 441 teenagers aged 13-17 years 

completed the NTFS using a 7-day semi-weighed food record with four visits from 

the fieldworker over the recording period. Fifteen hundred adults aged 18-90 years 

participated in the NANS, which collected dietary data using a 4-day semi weighed 

food record. Each participant was visited 3 times over the recording period.  

For each survey, detailed information relating to the amount, type, cooking method, 

leftovers, packaging and brand of all foods and beverages (including nutritional 

supplements) consumed over the recording period was collected. Details of recipes of 

composite dishes were also recorded.  

All food and beverage items consumed across the four surveys were quantified via one 

of the following methods; weighed (using the digital food scales provided to each 

participant), age appropriate photographic food atlases (Nelson. et al., 1997, Foster. et 

al., 2010), standard portion weights (Food Standards Agency, 2002, Lyons et al., 

2013) and household measures (such as teaspoon, tablespoon, pint etc).  

 

 

http://www.iuna.net/
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Data entry 

Each food and beverage consumed was assigned a unique food code depending on its 

nutritional profile. Dietary data were then entered into the data entry system WISP© 

(Tinuviel Software, Anglesey, UK). A separate database (food file) was created for 

each survey with one line of data for each food and drink item consumed.  

Quality control 

A number of quality procedures were put in place in an attempt to minimise error and 

ensure consistency throughout the collection and data entry of food intake. Each 

fieldworker was primarily responsible for the collection, quantification, coding and 

data entry of their own participants’ food diaries in an attempt to maintain consistency. 

Menaquinone composition data  

As described in Chapter 3, each food code was assigned both a MK-4 and a MK-5-10 

composition value using data from the UK Composition Of Foods Integrated Dataset 

(COFID) (Public Health England Composition of Foods Integrated Dataset, 2015), 

published papers (Schurgers and Vermeer (2000), Fu et al. (2016)), manufacturers’ 

information and recipe calculation.  

Statistical analyses 

Statistical analyses were carried out using SPSS© for Windows™ Version 22.0. The 

Mean Daily Intake (MDI) of menaquinones were estimated and differences in intakes 

between gender and age groups were assessed using independent sample T-tests 

regardless of normality (due to the large sample size). As sample size increases so 

does the robustness of t-tests to identify deviations from normality, thus parametric 

tests are recommended for large samples (Fagerland, 2012). To minimise type 1 errors 

(as a result of multiple testing), the Bonferoni adjustment was used by dividing the 

alpha level (0.005) by the number of comparisons. Therefore, intakes were considered 

to be significantly different from each other if P<0.001. All data were not normally 

distributed. The non-parametric Kruskal- Wallis test was used to determine significant 

differences between independent groups. Where significant differences were 

identified by the Kruskal- Wallis test, the Mann Whitney U test was used to identify 

where these differences occurred. 
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To estimate the key dietary sources of menaquinones, all food and drinks consumed 

were allocated to one of nineteen food groups (Appendix I) and then further 

subdivided into 68 food groups (NCFS, NTFS & NANS) or 77 food groups (NPNS) 

(Appendix II). The percent contribution of each food group to the mean daily intake 

of menaquinones was calculated by the mean proportion method (Krebs-Smith et al., 

1989) and the key contributors to intakes were determined in order of importance for 

each age group. This method provides information about the sources that are 

contributing to the nutrient intake ‘per person’ and is the preferred method when 

determining important food sources of a nutrient for individuals in the population 

group as opposed to investigating the sources of a nutrient within the food supply.  
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Results 

The mean daily intake of total MK (MK-4-10)  

Tables 1 and 2 report the mean daily intake of total MK (MK-4-10) (µg/d & µg/10MJ) 

in the Irish population aged 1 to 90 years split by gender and age group. The Mean 

Daily Intake (MDI) of total MK in pre-school children aged 1-4 years and children 

aged 5-12 years was 40.1 and 51.8µg/d, respectively. Teenagers aged 13-17 years had 

a MDI of total MK of 55.3µg/d. Irish adults aged 18-64 years and 65-90 years had a 

MDI of total MK of 58.1 and 42.3µg/d, respectively.  

The MDI of total MK was similar among children aged 5-12 years, teenagers aged 13-

17 years and adults aged 18-64 years however, these intakes were higher than intakes 

in pre-school children aged 1-4 years and older adults aged 65-90 years. At ages 13-

17 and 18-64 years, males had significantly higher intakes than females.  

When intakes were adjusted for energy (µg/10MJ), pre-school children aged 1-4 years 

had a similar intake to children and teenagers aged 5-17 years and adults aged 18-64 

years and and a higher intake than older adults aged 65-90 years, highlighting the 

nutrient dense diet consumed by young children. Energy adjusted intakes were similar 

between males and females of all ages with the exception of males aged 18-64 years 

having higher intakes than females due to males consuming a more MK-4-10 nutrient 

dense diet.  

The mean daily intake of MK-4  

Tables 3 and 4 report the mean daily intake of MK-4 (µg/d & µg/10MJ) in the Irish 

population aged 1 to 90 years split by gender and age group. The MDI of MK-4 in 

pre-school children aged 1-4 years was 7.7µg/d. The MDI of MK-4 was 10.1µg/d in 

Irish children aged 5-12 years and 12.3µg/d in teenagers aged 13-17 years. The MDI 

of MK-4 at age 18-64 years and 65-90 years was 12.8 and 10.2µg/d, respectively.  

Intakes of MK-4 were similar between teenagers aged 13-17 years and adults aged 18-

64 years and were higher than intakes in pre-school children aged 1-4 years, children 

aged 5-12 years and older adults aged 65-90 years. At ages 13-17 and 18-64 years, 

males had significantly higher intakes than females.  
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Energy adjusted MK-4 intakes were similar between all age groups however, pre-

school children had higher intakes than adults aged 65-90 years. MK-4 intakes were 

similar between males and females of all ages with the exception of males aged 18-64 

years having higher intakes than females due to males consuming a more MK-4 

nutrient dense diet.  

Key sources of MK-4 

Table 5 presents the contribution of food groups to the mean daily intake of MK-4 in 

the Irish population aged 1-90 years. ‘Meat & meat products’ contributed 50-67% of 

the MDI of MK-4 (1-4 year olds: 50%, 5-12 year olds: 59%, 13-17 year olds: 66%, 

18-64 year olds: 67%, 65-90 year olds: 58%). Of this, ‘meat products’ (sausages, 

burgers and meat pies) accounted for 27% of intakes at age 1-4 years, 35% at age 5-

12 years, 32% at age 13-17 years, 25% at age 18-64 years and 17% at age 65-90 years. 

The contribution from ‘milk’ to the MDI of MK-4 in the Irish population ranged from 

8-25% (1-4 year olds: 25%, 5-12 year olds: 22%, 13-17 year olds: 15%, 18-64 year 

olds: 8%, 65-90 year olds: 10%). The contribution from ‘eggs & egg dishes’ to intakes 

of MK-4 ranged from 4-11% across age groups. 

The mean daily intake of MK-5-10  

Tables 6 and 7 report the mean daily intake of MK-5-10 (µg & µg/10MJ) in the Irish 

population aged 1 to 90 years split by gender and age group. The MDI of MK-5-10 in 

pre-school children aged 1-4 years and children aged 5-12 years was 32.4 and 

41.7µg/d, respectively. The MDI of MK-5-10 was 43.1µg/d in Irish teenagers aged 

13-17 years. The MDI of MK-5-10 in adults aged 18-64 years and 65-90 years was 

45.3 and 32.1µg/d, respectively.  

Intakes of MK-5-10 were similar between children aged 5-12 years, teenagers aged 

13-17 years, adults aged 18-64 years and were higher than intakes in pre-school 

children aged 1-4 years and older adults aged 65-90 years. At age 18-64 years, males 

had significantly higher intakes than females.  

Energy adjusted intakes of MK-5-10 were similar in pre-school children, children 5-

12 years, teenagers 13-17 years and adults 18-64 years and were higher than intakes 

in adults aged adults aged 65-90 years. MK-5-10 intakes were similar between males 
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and females of all ages with the exception of males aged 18-64 years having higher 

intakes than females due to males consuming a more MK-5-10 nutrient dense diet.  

Key sources of MK-5-10 

Table 8 presents the contribution of food groups to the mean daily intake of MK-5-10 

in the Irish population aged 1-90 years. ‘Meat & meat products’ was the key source of 

MK-5-10 (1-4 year olds: 45%, 5-12 year olds: 61%, 13-17 year olds: 56%, 18-64 year 

olds: 44%, 65-90 year olds: 45%). Of this, ‘sausages’ accounted for 38% of intakes at 

age 1-4 years, 51% at age 5-12 years, 44% at age 13-17 years, 32% at age 18-64 years 

and 27% at age 65-90 years. ‘Cheese’ contributed 21-37% of the MDI of MK-5-10 (1-

4 year olds: 35%, 5-12 year olds: 21%, 13-17 year olds: 26%, 18-64 year olds: 37%, 

65-90 year olds: 34%).   
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Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.001) denoted by * 

Differences between age groups were assed using a Kruscal Wallis test (P=0.000) with differences denoted by different superscript lower case letters 

MK-4-10 intakes were similar among children aged 5-12 y and 13-17 y (P=0.115) and adults 18-64 y (P=0.355); intakes in pre-school children 1-4 y and older adults 65-90 y had significantly 
lower intakes than all other age groups (P=0.000) 

Table 1.  The mean daily intake of total MK (MK-4-10) (µg/d) in the Irish population aged 1-90 years  

 

P-value 

Age (years) 

MK-4-10  (µg/d) 

All  Males  Females 

Mean SD Median IQR  Mean SD Median IQR  Mean SD Median IQR  

1-4 years (n 500) 40.1a 42.4 22.9 10.7-56.2  40.9 43.1 22.2 10.3-58.8  39.3 41.6 23.3 10.8-55.2 0.925 

    1 y (n 126) 33.0 42.0 15.3 8.3-43.7  27.1 33.7 13.8 6.9-33.1  38.9 48.6 21.3 10.7-52.9  

2-4 y (n 374) 42.5 42.3 24.8 10.7-62.6  45.5 45.0 26.1 10.7-69.4  39.4 39.2 23.8 10.9-55.6  

                

5-12 years (n 594) 51.8b 46.9 38.9 17.3-71.1  55.3 50.0 44.4 17.4-72.3  48.3 43.7 34.0 17.1-66.6 0.085 

5-8 y (n 296) 53.6 43.5 43.9 18.6-72.0  55.6 42.9 49.7 17.8-74.3  51.8 44.2 39.0 18.8-66.6  

9-12 y (n 298) 49.9 50.1 32.6 16.1-68.4  55.1 56.2 38.6 16.5-69.8  44.8 43.0 29.8 15.0-66.6  

                

13-17 years (n 441) 55.3b 49.5 40.2 20.7-73.2  66.1 57.8 49.7 22.9-88.4  44.1* 36.2 33.1 17.8-61.2 0.000 

13-14 y (n 188) 57.5 50.5 41.6 20.8-82.3  71.3 60.4 54.1 22.6-101  43.3 32.7 33.1 19.5-61.2  

15-17 y (n 253) 53.7 48.8 40.1 20.6-70.8  62.3 55.7 48.5 24.4-75.0  44.8 38.7 33.4 16.9-60.8  

                

18-64 years (n 1274) 58.1b 67.7 31.5 15.8-75.6  74.0 78.1 42.7 21.1-104  42.4* 50.8 23.7 12.8-51.8 0.000 

65-90 years (n 226) 42.3a 52.5 19.5 9.1-56.4  54.9 63.8 26.6 10.1-75.3  31.1 36.7 16.1 8.3-35.4 0.012 
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Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.001) denoted by * 

Differences between age groups were assed using a Kruscal Wallis test (P=0.000) with differences denoted by different superscript lower case letters 

MK-4-10 intakes in pre-school children 1-4 y were similar to intakes in children 5-12 y (P=0.878), teenagers 13-17 y (P=0.674) and adults 18-64 y (P=0.001); pre-school children 1-4 y had higher 

intakes than older adults aged 65-90 years (P=0.000) 

 

Table 2.  The mean daily intake of total MK (MK-4-10) (µg/10MJ) in the Irish population aged 1-90 years  

 

P-value 

Age (years) 

MK-4-10  (µg/10MJ) 

All  Males  Females 

Mean SD Median IQR  Mean SD Median IQR  Mean SD Median IQR  

1-4 years (n 500) 84.5a,b 88.1 45.5 22.8-124  83.5 88.8 42.5 21.6-129  85.6 87.6 46.4 23.2-123 0.462 

    1 y (n 126) 75.9 89.0 39.9 21.4-105  64.3 81.4 32.0 18.1-73.9  87.5 95.2 46.1 25.5-122  

2-4 y (n 374) 87.5 87.7 50.5 23.0-131  89.9 90.4 52.1 22.7-138  85.0 85.1 47.0 23.1-124  

                

5-12 years (n 594) 75.2a 67.3 58.6 23.4-101  76.1 67.1 63.8 22.5-103  74.4 67.6 52.2 23.8-99.0 0.651 

5-8 y (n 296) 81.9 64.3 68.0 30.6-111  80.9 57.6 71.5 28.8-113  82.9 70.2 63.7 31.6-104.2  

9-12 y (n 298) 68.6 69.6 45.9 20.6-89.1  71.4 75.2 48.7 20.0-87.4  65.9 63.9 45.1 21.2-89.5  

                

13-17 years (n 441) 66.6a,b 54.4 51.4 24.9-91.7  71.2 60.9 52.4 24.7-103  61.8 46.5 50.4 25.0-82.1 0.366 

13-14 y (n 188) 71.3 59.0 56.4 26.3-96.8  80.9 70.4 60.4 29.2-118  61.5 42.7 54.6 25.4-82.8  

15-17 y (n 253) 63.1 50.6 48.7 24.3-80.2  64.0 52.0 48.9 23.1-77.4  62.1 49.3 47.6 24.6-81.9  

                

18-64 years (n 1274) 66.0b 72.6 36.7 20.6-85.7  74.1 77.0 45.1 21.9-101  58.0* 67.0 33.5 18.8-72.2 0.000 

65-90 years (n 226) 58.1c 74.9 26.8 13.9-74.1  66.6 79.2 35.1 13.8-83.0  50.5 70.3 23.9 14.0-52.0 0.224 
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Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.001) denoted by * 

Differences between age groups were assed using a Kruscal Wallis test (P=0.000) with differences denoted by different superscript lower case letters  

MK-4 intakes were similar between teenagers 13-17 y and adults 18-64 y (P=0.885) and were higher than intakes in pre-school children 1-4 y (P=0.000), children 5-12 y (P=0.000) and 

older adults 65-90 y (P=0.000) 
 

Table 3.  The mean daily intake of MK-4 (µg/d) in the Irish population aged 1-90 years  

 

P-value 

Age (years) 

MK-4 (µg/d) 

All  Males  Females 

Mean SD Median IQR  Mean SD Median IQR  Mean SD Median IQR  

1-4 years (n 500) 7.7a 4.0 7.0 4.7-9.9  7.8 4.1 7.1 4.8-9.9  7.6 3.9 6.9 4.7-9.6 0.593 

    1 y (n 126) 7.0 4.2 6.5 3.9-8.9  6.4 3.1 6.3 4.1-7.8  7.6 5.1 6.6 3.7-9.8  

2-4 y (n 374) 8.0 3.9 7.1 5.0-10.2  8.3 4.3 7.4 5.0-10.7  7.6 3.5 7.1 4.9-9.6  

                

5-12 years (n 594) 10.1b 4.4 9.5 6.8-12.2  10.7 4.7 10.4 7.4-13.1  9.5* 4.1 8.3 6.5-11.8 0.000 

5-8 y (n 296) 10.0 4.2 9.2 6.8-12.1  10.3 4.1 10.2 7.3-12.4  9.7 8.3 4.2 6.6-12.0  

9-12 y (n 298) 10.2 4.7 9.6 6.8-12.4  11.1 5.1 10.7 7.5-13.6  9.3 4.1 8.3 6.3-11.7  

                

13-17 years (n 441) 12.3c 5.9 11.3 8.6-15.4  14.6 6.1 13.5 10.7-17.7  10.0* 4.5 9.5 6.7-12.3 0.000 

13-14 y (n 188) 12.3 6.0 10.9 8.1-15.5  14.8 6.4 13.0 10.3-18.2  9.8 4.3 9.5 6.3-12.0  

15-17 y (n 253) 12.4 5.8 11.6 8.7-15.2  14.5 5.9 13.8 10.8-17.4  10.2 4.7 9.5 6.9-12.4  

                

18-64 years (n 1274) 12.8c 7.4 11.3 7.5-16.4  15.6 8.0 14.2 9.9-19.7  10.0* 5.5 9.2 6.1-12.8 0.000 

65-90 years (n 226) 10.2b 6.8 8.7 5.6-12.8  11.4 7.8 9.5 5.8-14.2  9.1 5.5 8.2 5.4-11.8 0.062 
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Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.001) denoted by * 

Differences between age groups were assed using a Kruscal Wallis test (P=0.000) with differences denoted by different superscript lower case letters 

MK-4 intakes were similar between pre-school children 1-4 y and children 5-12 y (0.002), teenagers 13-17 y (0.116) and adults 18-64 y (P=0.001); intakes in pre-school children were 

significantly higher than intakes in adults 65-90 y (P=0.000) 

 

 

Table 4.  The mean daily intake of MK-4 (µg/10MJ) in the Irish population aged 1-90 years  

Age (years) 

MK-4 (µg/10MJ) 

All  Males  Females P-value 

Mean SD Median IQR  Mean SD Median IQR  Mean SD Median IQR  

1-4 years (n 500) 16.2a 7.7 14.5 10.6-20.9  16.0 7.7 14.2 10.5-20.3  16.4 7.7 14.6 10.9-21.4 0.517 

    1 y (n 126) 16.3 8.6 14.7 10.5-21.5  15.3 7.2 13.9 10.6-18.3  17.3 9.7 15.9 9.4-23.6  

2-4 y (n 374) 16.2 7.5 14.3 10.7-20.7  16.3 7.9 14.4 10.4-21.1  16.1 7.0 14.2 11.0-20.1  

                

5-12 years (n 594) 14.5a,c 6.0 13.4 10.4-17.7  14.6 5.8 14.1 10.7-18.0  14.4 6.2 13.0 10.2-17.4 0.254 

5-8 y (n 296) 15.2 5.7 14.3 11.2-18.3  15.2 5.0 14.5 11.9-18.3  15.3 6.3 13.6 10.8-18.5  

9-12 y (n 298) 13.8 6.2 12.8 9.8-16.6  14.1 6.5 13.3 10.2-17.2  13.6 5.9 12.0 9.4-15.9  

                

13-17 years (n 441) 14.8a,b 5.6 14.4 11.0-17.8  15.6 5.8 15.4 11.6-18.2  14.0 5.2 13.5 10.5-17.2 0.003 

13-14 y (n 188) 15.2 5.9 14.6 10.8-18.0  16.5 6.3 15.7 12.1-18.8  13.8 5.2 13.1 10.4-16.8  

15-17 y (n 253) 14.6 5.2 14.3 11.0-17.3  15.0 5.3 14.8 11.5-17.7  14.2 5.2 13.7 10.9-17.2  

                

18-64 years (n 1274) 15.0a,c 7.5 13.5 9.9-18.5  15.9 7.7 14.6 10.7-19.5  14.1* 7.3 12.7 9.2-17.6 0.000 

65-90 years (n 226) 14.1b,c 8.6 12.5 8.4-17.4  14.2 9.2 12.1 7.7-17.3  14.0 8.1 12.7 8.7-17.5 0.582 
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Table 5. Contribution (µg & %) of food groups to the mean daily intake of MK-4 in the Irish population aged 1-90 years 

Food groups 

1-4 year olds 

(n 500) 

5-12 year olds 

(n 594) 

13-17 year olds 

(n 441) 

18-64 years 

(n 1274) 

65-90 years 

(n 226) 

µg  %  µg  %  µg  %  µg  %  µg  % 

Meat & meat products 4.2 50.0 6.3 59.0 8.4 66.3 9.1 66.6 6.2 58.3 

Meat products (sausages, burgers, meat pies) 2.6 26.8 4.0 35.3 4.2 31.7 4.0 25.2 2.4 16.8 

Fresh meat & poultry 0.9 11.8 1.4 14.1 2.8 22.4 3.4 28.2 3.0 31.7 

Meat dishes 0.7 11.5 0.9 9.5 1.4 12.3 1.7 13.3 0.8 9.8 

Milk  1.8 24.6 2.0 21.9 1.8 14.5 1.0 8.2 0.9 10.2 

Eggs & egg dishes 0.5 6.2 0.5 4.7 0.5 4.2 1.0 8.2 1.0 10.7 

Yogurt & fromage frais 0.4 5.9 0.2 2.6 0.1 1.2 0.1 1.4 0.2 2.5 

Cheese 0.4 5.4 0.3 3.6 0.5 4.7 0.6 5.7 0.5 5.4 

Butter, spreading fats & oils 0.2 2.7 0.3 2.5 0.4 2.9 0.5 4.1 0.8 5.2 

Creams, ice-creams & chilled desserts 0.1 1.9 0.2 2.2 0.2 1.9 0.2 1.9 0.3 3.0 

Potatoes & potato products 0.1 1.4 0.1 0.9 0.2 1.4 0.1 1.2 0.2 1.6 

Sugars, confectionery, preserves & savoury snacks 0.1 0.9 0.2 1.9 0.2 1.8 0.1 1.0 0.0 0.4 

Fish & fish dishes 0.0 0.5 0.0 0.2 0.0 0.2 0.1 0.8 0.1 2.0 

Grains, rice, pasta & savouries 0.0 0.2 0.0 0.6 0.1 0.7 0.1 0.5 0.0 0.1 

Vegetable & vegetable dishes 0.0 0.2 0.0 0.1 0.0 0.3 0.0 0.3 0.0 0.5 

Bread & rolls 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Breakfast cereals  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Biscuits, cakes & pastries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Fruit & fruit juices 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Beverages 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Soups, sauces & miscellaneous foods 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Nuts, seeds, herbs & spices 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 7.7 100 10.1 100 12.3 100 12.8 100 10.2 100 
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Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.001) denoted by * 

Differences between age groups were assessed using a Kruskal Wallis test (P=0.000) with differences denoted by different superscript lowercase letters 

MK-5-10 intakes were similar between children 5-12 y and teenagers 13-17 y (P=0.624), adults 18-64 y (P=0.012) and were higher than intakes in pre-school children 1-4 y (P=0.000) and older 

adults 65-90 y (P=0.000) 

 

 

Table 6.  The mean daily intake of MK-5-10 (µg/d) in the Irish population aged 1-90 years  

 

P-value 

Age (years) 

MK-5-10 (µg/d) 

All  Males   Females 

Mean SD Median IQR  Mean SD Median IQR  Mean SD Median IQR  

1-4 years (n 500) 32.4a,c 39.1 15.6 4.5-48.5  33.0 39.9 15.6 3.9-50.5  31.7 38.5 15.6 5.3-46.0 0.751 

    1 y (n 126) 26.0 38.5 9.5 3.8-37.1  20.7 31.5 7.9 1.9-26.2  31.4 44.1 13.6 5.8-43.1  

2-4 y (n 374) 34.5 39.2 18.6 4.7-52.4  37.2 41.6 20.1 4.6-59.7  31.9 36.5 16.6 4.7-48.3  

                

5-12 years (n 594) 41.7b 43.4 29.8 8.7-59.4  44.7 46.3 34.7 7.9-62.0  38.9 40.3 25.0 9.4-54.3 0.191 

5-8 y (n 296) 43.7 40.1 34.6 11.7-62.0  45.3 39.5 38.4 9.5-64.6  42.2 40.7 30.6 11.7-57.0  

9-12 y (n 298) 39.8 46.4 23.7 7.8-56.0  44.1 52.1 29.6 6.9-56.6  35.6 39.7 22.2 8.2-53.4  

                

13-17 years (n 441) 43.1b 45.4 29.8 9.8-60.4  51.6 53.4 36.6 9.7-74.1  34.3 33.0 25.4 9.8-49.6 0.004 

13-14 y (n 188) 45.3 45.9 30.0 10.7-67.7  56.5 55.6 40.2 9.8-86.3  33.7 29.4 25.6 10.9-51.5  

15-17 y (n 253) 41.4 45.0 29.8 9.3-57.8  47.9 51.7 35.0 9.7-60.4  34.7 35.6 25.0 9.0-48.8  

                

18-64 years (n 1274) 45.3a,b 61.8 21.4 6.1-59.5  58.3 71.8 29.5 8.4-86.0  32.4* 46.6 14.5 5.0-42.5 0.000 

65-90 years (n 226)   32.1c 47.2 10.7 1.6-43.9  43.5 57.4 17.3 2.5-63.5  22.0 33.0 9.1 1.2-24.0 0.003 
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Differences between gender were assessed using Mann-Whitney U tests with significant differences (P<0.001) denoted by * 

Differences between age groups were assessed using a Kruskal Wallis test (P=0.000) with differences denoted by different superscript lowercase letters 

MK-5-10 intakes were similar in pre-school children 1-4 y and children 5-12 y (P=0.419), teenagers 13-17 y (P=0.754) and were higher than intakes in adults aged adults aged 65-90 years 

(P=0.000) 

 

 

 

Table 7.  The mean daily intake of MK-5-10 (µg/10MJ) in the Irish population aged 1-90 years  

Age (years) 

MK-5-10 (µg/10MJ) 

All  Males   Females 

Mean SD Median IQR  Mean SD Median IQR  Mean SD Median IQR P-value 

1-4 years (n 500) 68.3a,c 81.8 31.8 10.4-104  67.5 82.5 30.8 8.0-106  69.2 81.3 32.4 11.6-101 0.415 

    1 y (n 126) 59.6 82.0 24.6 9.0-89.6  49.0 75.9 19.6 4.2-56.4  70.2 86.9 34.2 14.0-101  

2-4 y (n 374) 71.3 81.6 37.0 10.8-111  73.7 83.8 40.3 9.1-116  68.8 79.5 32.3 11.0-102  

                

5-12 years (n 594) 60.8a 62.3 44.9 13.3-85.2  61.6 62.3 49.8 12.1-87.2  60.1 62.3 39.1 14.7-81.3 0.763 

5-8 y (n 296) 66.8 59.5 53.7 18.9-93.8  65.9 53.7 57.4 16.5-98.5  67.7 64.8 49.7 18.9-87.4  

9-12 y (n 298) 54.9 64.4 32.8 9.8-73.1  57.4 69.6 35.4 8.7-70.3  52.5 59.0 30.9 10.6-77.5  

                

13-17 years (n 441) 51.9a 50.6 37.5 13.2-74.7  55.6 56.7 37.5 10.9-87.1  48.0 43.1 38.2 14.8-66.1 0.657 

13-14 y (n 188) 56.3 54.4 42.5 15.4-79.6  64.5 65.3 47.0 13.9-95.1  47.9 38.8 41.6 16.0-66.6  

15-17 y (n 253) 48.6 47.4 35.1 10.6-63.6  49.1 48.7 33.3 9.9-62.5  48.1 46.3 35.5 12.5-65.8  

                

18-64 years (n 1274) 51.0b,c 67.1 25.0 8.1-70.8  58.3 71.3 30.2 9.5-82.2  43.9* 62.0 19.9 7.2-57.0 0.000 

65-90 years (n 226) 44.0b 68.0 15.9 2.7-62.3  52.5 71.5 22.6 4.0-71.6  36.5 64.0 12.9 2.1-34.0 0.030 
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Table 8. Contribution (µg & %) of food groups to the mean daily intake of MK-5-10 in the Irish population aged 1-90 years 

Food groups 

1-4 year olds 

(n 500) 

5-12 year olds  

 (n 594) 

13-17 year olds 

(n 441) 

18-64 years  

(n 1274) 

65-90 years 

 (n 226) 

µg  % µg  % µg  % µg  % µg  % 

Meat & meat products 26.1 44.5 35.3 61.2 33.3 56.0 34.2 43.9 24.2 44.5 

Sausages 25.2 38.1 33.0 51.1 29.6 43.6 32.0 31.5 22.5 26.5 

Fresh meat & poultry 0.1 3.2 0.2 2.8 0.3 4.0 0.5 7.0 0.5 15.5 

Meat dishes 0.2 1.2 0.7 1.8 0.5 1.8 0.4 2.1 0.3 0.7 

Meat products (burgers, meat pies) 0.7 1.9 1.4 5.6 2.9 6.7 1.3 3.4 0.9 1.8 

Cheese 5.3 34.7 4.8 20.9 7.5 26.1 9.2 37.2 7.1 33.8 

Milk & yogurt 0.4 14.1 0.4 6.8 0.3 4.5 0.2 5.6 0.2 8.7 

Fish & fish dishes 0.1 2.4 0.1 0.8 0.1 1.1 0.1 3.1 0.2 5.8 

Grains, rice, pasta & savouries 0.3 2.2 1.1 8.9 1.7 11.1 1.2 6.4 0.1 1.5 

Vegetable & vegetable dishes 0.1 0.9 0.0 0.2 0.0 0.1 0.1 1.2 0.2 1.6 

Eggs & egg dishes 0.1 0.5 0.1 0.5 0.1 0.2 0.1 0.8 0.1 0.3 

Creams, ice-creams & chilled desserts 0.0 0.4 0.0 0.4 0.0 0.3 0.0 0.8 0.0 1.9 

Bread & rolls 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Breakfast cereals  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Biscuits, cakes & pastries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Butter, spreading fats & oils 0.0 0.1 0.0 0.2 0.0 0.3 0.0 0.8 0.0 1.4 

Potatoes & potato products 0.0 0.1 0.0 0.1 0.0 0.2 0.0 0.3 0.0 0.4 

Fruit & fruit juices 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Beverages 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sugars, confectionery, preserves & savoury snacks 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Soups, sauces & miscellaneous foods 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Nuts, seeds, herbs & spices 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total  32.4 100 41.7 100 43.1 100 45.3 100 32.1 100 
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Discussion 

The aim of this study was to estimate the intakes and key dietary sources of 

menaquinones (menaquinone-4 & menaquinone-5-10) in the Irish population aged 1-

90 years using the updated vitamin K composition data as described in chapter 3. Mean 

intakes of total MK (MK-4-10) ranged from 40-58µg/d across age groups with mean 

intakes of MK-4 and MK-5-10 ranging from 8-13µg/d and 32-45 µg/d, respectively. 

Key dietary sources of MK-4 and MK-5-10 in the Irish population were ‘meat & meat 

products’, ‘milk’ and ‘cheese’.  

These findings are discussed in more detail below in context with the available 

literature and potential health implications. Due to differences in the origin and 

bioavailability of the individual menaquinones, MK-4 and MK-5-10 are discussed 

separately. 

MK-4 

MK-4 is unique amongst the menaquinones as it is not synthesised by bacteria. It is 

formed in mammals from the tissue specific conversion from phylloquinone or from 

menadione (a synthetic form of vitamin K, which may be added to animal feed) 

(Dialameh et al., 1971, Okano et al., 2008, EFSA Panel on Additives and Products or 

Substances used in Animal Feed, 2014). Mean intakes of MK-4 in children aged 1-17 

years ranged from 8-12µg/d across age groups. In adults, aged 18-64 and 65-90 years, 

mean intakes of MK-4 were 12.8 and 10.2µg/d, respectively. While some differences 

in MK-4 intakes were observed across age groups it was typically due to differences 

in energy intakes with the exception of pre-school children aged 1-4 years who had a 

more MK-4 dense diet. There are currently no national dietary surveys across Europe 

or the US that report the intakes of menaquinones in healthy population groups. 

Studies investigating menaquinone intakes and their association with specific health 

outcomes (such as bone health, cardiovascular health and cancer) have reported 

intakes of MK-4 within the range of 7-14µg/d in adults of all ages. (Schurgers et al., 

1999, Geleijnse et al., 2004, Nimptsch et al., 2008, Beulens et al., 2009, Gast et al., 

2009, Apalset et al., 2010, Beulens et al., 2010, Nimptsch et al., 2010, Apalset et al., 

2011, Vissers et al., 2013). These intakes are similar to intakes reported in this study 

in Irish adults.  
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‘Meat & meat products’ was the key source of MK-4 in the Irish population (50-67%, 

range across age groups). The contribution from ‘meat & meat products’ to intakes of 

MK-4 was 50% at age 1-4 years, 59% at age 5-12 years, 66% at age 13-17 years, 67% 

at age 18-64 years and 58% at age 65-90 years. The increasing contribution from meat 

from childhood through to adulthood and lower contribution from meat in older adults 

may be explained by the increase in consumption of meat with age group up to 

adulthood followed by a decrease in older adults (1-4 year olds: 80g/d, 5-12 year olds: 

104g/d, 13-17 year olds: 160g/d, 18-64 year olds: 183g/d, 65-90 year olds: 154g/d) 

(www.iuna.net). Milk was a key source of MK-4 in pre-school children aged 1-4 years 

and children aged 5-12 years with a decrease in contribution in teenagers, adults and 

older adults reflecting the pattern of milk consumption across the life cycle (1-4 year 

olds: 313g, 5-12 year olds: 276g, 13-17 year olds: 257g, 18-64 year olds: 212g, 65-90 

year olds: 196g) (www.iuna.net). To the best of this authors’ knowledge, this study is 

the first to report the sources of MK-4 in adults and children using data collected 

during national dietary surveys and therefore it is difficult to compare our results to 

that of others.  

MK-5-10 

 

The longer chained menaquinones (MK-5-10) are exclusively synthesized by bacteria. 

There are differences in the concentration and forms of menaquinones produced in a 

food depending on the bacteria used in the fermentation process (Manoury et al., 

2013). Mean intakes of MK-5-10 in children aged 1-17 years ranged from 32-43µg/d 

across age groups. Intakes of MK-5-10 in adults aged 18-64 and 65-90 years were 45.3 

and 32.1µg/d, respectively. While there were some difference in MK-5-10 intakes 

across age groups, when intakes were adjusted for energy, pre-school children aged 1-

4 years had higher intakes than teenagers and adults adding to the body of evidence 

that young children in Ireland have a relatively micronutrient-dense diet (Browne et 

al., 2012, Hennessy et al., 2012, Walton et al., 2017).  

Studies examining menaquinone intakes and their association with specific health 

outcomes in adult population groups have reported MK-5-10 intakes generally within 

the range of 18-22µg/d (Schurgers et al., 1999, Geleijnse et al., 2004, Nimptsch et al., 

2008, Beulens et al., 2009, Gast et al., 2009, Apalset et al., 2010, Beulens et al., 2010, 

http://www.iuna.net/
http://www.iuna.net/
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Nimptsch et al., 2010, Apalset et al., 2011, Vissers et al., 2013, Zwakenberg et al., 

2017). These intakes are lower than intakes in Irish adults, which may be partly 

explained by the detailed brand and recipe level data used in the current study to 

estimate menaquinone intakes. Further research is needed to estimate the intakes of 

menaquinones in national dietary surveys across Europe to allow direct comparison to 

intakes in the Irish population.   

‘Meat & meat products’ was the key source of MK-5-10 in the Irish population (44-

61% range across age groups). Of the ‘meat & meat products’, ‘sausages’ accounted 

for between 27-51% of MK-5-10 intakes in the Irish population (1-4 year olds; 38%, 

5-12 year olds; 51%, 13-17 year olds; 44%, 18-64 year olds; 32%, 65-90 year olds; 

27%). Analytical data from a recent study in the U.S was the first to report high 

concentrations of some menaquinone forms in pork products, including sausages (Fu 

et al., 2016). Although the origin of these menaquinone forms is not yet fully 

understood, it has been suggested they may be absorbed from the intestine where 

menaquinones are produced by gut bacteria (Walther et al., 2013). Cheese has been 

identified as an important source of menaquinones in the Western diet with variations 

in the types and concentration of menaquinones present depending on the bacterial 

starter culture used (Schurgers and Vermeer, 2000, Vermeer et al., 2018). In the 

current study, the contribution from ‘cheese’ to MK-5-10 intakes ranged from 21-37% 

across age groups. There are few data available on the sources of MK-5-10 in adults 

or children however; two studies in adults investigating menaquinone intake and their 

association with specific health outcomes reported that dairy products (60%), 

especially cheese (43-53%), and meat and meat products (17%) were key contributors 

to intakes of the menaquinones (Nimptsch et al., 2008, Beulens et al., 2010). 

Public Health Implications 

There is growing evidence suggesting that the menaquinones may have an important 

role in the acquisition of bone mass and a recent study has reported a positive 

association between some menaquinones and cognition in older adults (Van 

Summeren et al., 2009, Knapen et al., 2013, McCann et al., 2019). Furthermore, some 

studies have suggested that the menaquinones may reduce the risk of certain chronic 

diseases including coronary heart disease and type-2 diabetes (Beulens et al., 2009, 

Gast et al., 2009, Beulens et al., 2010). Menaquinones have been shown to be more 
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bioavailable than vitamin K1. As little as 10-15% of vitamin K1 in green vegetables is 

absorbed in the body compared to menaquinone bioavailability which is thought to be 

far higher with almost complete absorption from dairy products (Gijsbers et al., 1996, 

Schurgers and Vermeer, 2000). Differences also exist in the bioavailability of 

individual menaquinones. MK-7 has been shown to increase serum levels significantly 

in comparison to MK-4 when consumed at a nutritional level dose (Sato et al., 2012). 

This may be explained when we consider that the longer chained menaquinones 

(including MK-7) have a very long half-life in comparison to that of vitamin K1 or 

MK-4 allowing additional time for extrahepatic functions such as the carboxylation of 

osteocalcin (Schurgers and Vermeer, 2000, Schurgers and Vermeer, 2002, Schurgers 

et al., 2007). The contribution of menaquinones to vitamin K nutrition may currently 

be underestimated and warrants further investigation.  

Strengths and limitations 

The main strengths of the present study include the use of nationally representative 

dietary data to conduct our analysis. Detailed dietary intake data were collected at 

brand level supported by the food packaging collected during the survey and recipes 

of composite dishes. While there was limited analytical data available for Irish and 

UK foods, this study used the most appropriate methodology to apply composition 

values to the IFCD (2012) (chapter 3), which included the calculation of menaquinone 

composition of recipes at ingredient level. This allowed for the most accurate 

assessment of menaquinone intakes in the Irish population.
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Conclusions 

This study is the first to report the intakes and sources of menaquinones in nationally 

representative samples of the Irish population. Mean intakes of total MK (MK-4-10) 

ranged from 40-58µg/d across age groups with mean intakes of MK-4 and MK-5-10 

ranging from 8-13µg/d and 32-45 µg/d, respectively. ‘Meat & meat products’ was the 

key source of both MK-4 and MK-5-10 across all age and gender population groups 

examined. ‘Cheese’ and ‘milk’ are also important contributors to intakes of 

menaquinones in the Irish diet. These findings highlight the contribution of staple 

foods to vitamin K2 intakes in the Irish diet. Further research is required to establish 

the role of menaquinones in human health and the bioavailability of both short and 

long chain menaquinone forms. This study will be important for the food industry and 

other researchers investigating the intakes and key dietary sources of menaquinones 

in other population groups. 
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Chapter 6 

Changes in the intakes and sources of vitamin K1 and vitamin K2 in Irish 

children in the National Children’s Food Survey II (2017-18) since the 

previous National Children’s Food Survey (2003-04) 
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Introduction 

Vitamin K1 and vitamin K2 intakes have been estimated previously for the Irish 

population aged 1-90 years (chapter 4 & 5). Since these analyses, new dietary intake 

data have become available for Irish children aged 5-12 years from the National 

Children’s Food Survey II (NCFS II) (2017-2018) to update the data from the previous 

National Children’s Food Survey (NCFS) (2003-04) for the same age group. Mean 

vitamin K1 intake in Irish children aged 5-12 years in the NCFS (2003-04) was 

1.3µg/kg/d, which is above the European Food Safety Authority (EFSA) Adequate 

Intake (AI) of 1µg/kg/d for vitamin K1 required to maintain normal blood coagulation 

(EFSA Panel on Dietetic Products et al., 2017). The NCFS data also showed that the 

mean intake of vitamin K1 in Irish children (40µg/d) was lower than intakes reported 

for children in national surveys in Austria (59-75µg/d for children aged 7-12 years) 

and the United States (63µg/d for children 6-11 years) (Elmadfa et al., 2012, US 

Department of Agriculture, 2018). ‘Vegetable & vegetable dishes’ (29%), ‘potatoes & 

potato products’ (15%) and ‘meat & meat products’ (11%) were the key contributors 

to vitamin K1 intake in the NCFS. 

For vitamin K2 in the NCFS (2003-04), mean intake of menaquinone-4-10 (MK-4-10) 

was 52µg/d in Irish children aged 5-12 years, with mean intakes of menaquinone-4 

(MK-4) and menaquinone-5-10 (MK-5-10) of 10 and 42µg/d, respectively. Key 

sources of MK-4 in Irish children were ‘meat & meat products’ (59%) and ‘milk’ 

(22%), with other food groups contributing less than 5% of MK-4 intakes each. Key 

sources of MK-5-10 in Irish children were ‘meat & meat products’ (61%) and ‘cheese’ 

(21%). 

Summary findings from the NCFS II (2017-18) have identified changes in the patterns 

of consumption of staple foods in Irish children over the past 15 years, some of which 

may influence vitamin K1 and vitamin K2 intake. The intake of ‘fresh meat & meat 

dishes’ and discrete fruit was higher and the intake of total milk and ‘potatoes & potato 

products’ was lower in the NCFS II than the NCFS (Irish Universities Nutrition 

Alliance, 2019). The aim of this chapter is to estimate the current intake and sources 

of vitamin K1 and vitamin K2 in Irish school-aged children from the NCFS II (2017-
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18) and to identify any changes in vitamin K1 and vitamin K2 intake and sources since 

the previous NCFS (2003-2004). 
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Methodology 

The analysis for this chapter is based on data from the NCFS II, which was a 

nationally representative cross-sectional study that collected food and beverage 

consumption data for 600 children aged 5-12 years in the Republic of Ireland 

between 2017 and 2018. The NCFS II methodology for sampling, participant 

recruitment, data collection and food quantification is described in detail in chapter 

2, with methods specific to this chapter outlined below. Findings from the NCFS II 

are compared to the previous NCFS (2003-04), which has a similar overall 

methodology (described in detail in chapter 2). However, a 7-day weighed food 

diary was used in the NCFS compared to a 4-day weighed food diary in the NCFS 

II. 

Food intake data collection and quantification (NCFS II) 

Habitual food and beverage consumption data were estimated using a 4-day 

weighed food record. A trained researcher visited each participant in their home 

three times over the recording period including a training visit to demonstrate how 

to keep the food diary and use the weighing scales, a second visit 24-36 hours into 

the recording period to review the diary, check for completeness, and clarify details 

regarding specific food descriptors and quantities, and a final visit one or two days 

after the recording period to review the remaining recording days and to collect the 

diary. For all participants, the study period included at least one weekend day. 

Detailed information relating to the amount, type, brand and cooking method of all 

foods and beverages (including nutritional supplements) consumed over the 

recording period was collected from each participant. Details of recipes of 

composite dishes were also recorded.  

A quantification protocol established by the Irish Universities Nutrition Alliance 

(IUNA) was used for the NCFS II. This protocol is summarised as follows:  

1) Weighed (using the digital food scales provided to each participant) (76%) 

2) Manufacturer’s information on product labels (11%)  

3) Age appropriate photographic food atlas (7%) (Foster et al., 2010),  

4) Standard portion weights (3%) (Food Standards Agency, 2002, Lyons et al., 

2013) 

5) Household measures (1%) 
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6) Estimates based on the child’s previous eating patterns (only used when no 

other quantification method was appropriate) (2%) 

Data entry 

Each food and beverage consumed in the NCFS II was assigned a unique food code 

based on its nutritional profile at brand level. This included recipes of composite 

dishes, nutritional supplements, fortified foods and generic Irish foods that were 

commonly consumed. Dietary data were then entered into the data entry system 

Nutritics© Software using the unique food code. A total of 2046 food codes were 

included in the NCFS II database. 

Body weight 

The weight of each participant was measured by the researcher in their own home 

in duplicate to the nearest 0.1kg. Participants were weighed whilst wearing light 

clothes, without shoes and after voiding.  

Quality control 

A number of quality procedures were put in place in an attempt to minimise error 

and ensure consistency throughout the collection and data entry of food intake. Each 

fieldworker was primarily responsible for the collection, quantification, coding and 

data entry of their own participants’ food diaries and questionnaires.  

Estimation of vitamin K1 and vitamin K2 intakes and sources 

Each food code (n 2046) was assigned a vitamin K1, MK-4 and MK-5-10 

composition value using the same methodology as outlined in detail in chapter 3. 

The methodology as applied to NCFS II is outlined below: 

Vitamin K1 

 The UK Composition of Foods Integrated Dataset (COFID) provided 

composition data for 30% of food codes, of which, 17% were an exact match 

and 13% were assigned a value of a similar food product (Public Health 

England Composition of Foods Integrated Dataset, 2015).  

 The United States Department of Agriculture (USDA) National Nutrient 

Database provided composition data for 19% of food codes, of which, 14% 

were an exact match and 5% were assigned a value of a similar food product 
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(USDA National Nutrient Database for Standard References Release 28, 

2015). 

 Published papers provided composition data for 3% of food codes (Booth 

et al., 1993, Bolton-Smith et al., 2000, Dismore et al., 2003, Damon et al., 

2005, Presse et al., 2015). 

 Recipes. The vitamin K1 content of 34% of food codes was calculated from 

the composition of the individual ingredients. Where details of ingredients 

were not available (2%) the value of a similar recipe was assigned.  

 Retail products. The vitamin K1 content of 3% of food codes were calculated 

from the composition of the ingredients listed on food packaging. 

 Manufacturers’ information provided the vitamin K1 composition values for 

nutritional supplements, which made up 4% of food codes. 

 Foods that did not contain any vitamin K1 were assigned a composition 

value of 0µg, which made up 4% of food codes. 

Menaquinone-4 and menaquinone-5-10 

 A composition value of 0µg was assigned to 45% of food codes that did not 

contain any MK-4 or MK-5-10.  

 Recipes. The MK-4 and MK-5-10 composition of 34% of food codes was 

calculated based on their individual ingredients. The MK-4 and MK-5-10 

content of a similar recipe was used for 1% of food codes as details of 

ingredients were not available.  

 Retail products. The MK-4 and MK-5-10 content of 2% of food codes were 

calculated based on their ingredients listed on food packaging. 

 Published analytical values as reported by Schurgers and Vermeer (2000) 

and Fu et al. (2016) provided MK-4 composition values for 7 and 0.4% of 

food codes, respectively and provided MK-5-10 composition values for 8 

and 0.4% of food codes, respectively. For 5% of food codes, the MK-4 and 

MK-5-10 composition value of a similar product as reported in the literature 

was assigned.  

 Manufacturers’ information provided the MK-4 and MK-5-10 composition 

values for nutritional supplements, which made up 4% of food codes. 
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Statistical analyses 

Using descriptive frequencies, the mean, standard deviation (SD), median and IQR 

of vitamin K1 and vitamin K2 intakes were carried out using SPSS© for Windows™ 

Version 22.0. Differences in the mean daily intake of vitamin K1 and vitamin K2 

between gender and age groups (5-8 years & 9-12 years) were assessed using 

independent sample T-tests regardless of normality (due to the large sample size). 

As sample size increases so does the robustness of t-tests to identify deviations from 

normality, thus parametric tests are recommended for large samples (Fagerland, 

2012). To minimise type 1 errors (as a result of multiple testing), the Bonferoni 

adjustment was used by dividing the alpha level (0.005) by the number of 

comparisons. Therefore, intakes were considered to be significantly different from 

each other if P<0.01. All data were not normally distributed. The non-parametric 

alternative, Kruskal- Wallis test was used to determine significant differences 

between independent groups. Where significant differences were identified by the 

Kruskal- Wallis test, the Mann Whitney U test was used to identify where these 

differences occurred. 

To estimate the key dietary sources of vitamin K1 and vitamin K2, all food and 

drinks consumed were allocated to one of nineteen food groups (Appendix I). The 

percent contribution of each food group to the mean daily intake of vitamin K1 and 

vitamin K2 were calculated by the mean proportion method (Krebs-Smith et al., 

1989) and the key contributors to intakes were determined in order of importance 

for each age group. This method provides information about the sources that are 

contributing to the nutrient intake ‘per person’ and is the preferred method when 

determining important food sources of a nutrient for individuals in the population 

group as opposed to investigating the sources of a nutrient within the food supply. 
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Results 

The mean daily intake of vitamin K1 and vitamin K2 in the NCFS II 

Table 1 reports the mean daily intake of vitamin K1 (µg/d & µg/kg/d) in Irish 

children aged 5-12 years split by gender and age group in the NCFS II (2017-18). 

The Mean Daily Intake (MDI) of vitamin K1 in Irish children aged 5-12 years was 

40.3µg/d and there was no difference in the MDI of vitamin K1 between boys and 

girls or between age groups.  

Expressed as a function of body weight (µg/kg/d), the MDI of vitamin K1 was 

1.4µg/kg/d and was above the AI of 1µg/kg/d in all gender and age groups 

examined. Vitamin K1 intakes (µg/kg/d) at age 5-8 years were significantly 

(P=0.00) higher than that of children aged 9-12 years. 

Table 2 reports the mean daily intake of MK-4-10, MK-4 and MK-5-10 in Irish 

children aged 5-12 years split by gender and age group in the NCFS II (2017-18). 

The MDI of MK-4-10 was 47.8µg/d, with mean intakes of MK-4 and MK-5-10 of 

9.6 and 38.2µg/d, respectively. The MDI of MK-4-10, MK-4 and MK-5-10 were 

higher in boys than girls however, when adjusted for intake of energy, there were 

no significant differences noted, indicating that the higher intake was due to an 

overall greater energy intake in boys. The MDI of MK-4 was significantly lower in 

children aged 5-8 years than in children aged 9-12 years, however, when adjusted 

for intake of energy, there was no significant difference between the age groups 

indicating that the higher intake was due to an overall greater energy intake in 

children aged 9-12 years.  

Vitamin K1 dietary sources in the NCFS II  

Table 3 presents the contribution of food groups to the mean daily intake of vitamin 

K1 in Irish children aged 5-12 years in the NCFS II (2017-18). ‘Vegetable & 

vegetable dishes’ was the key source of vitamin K1 (28%), of which, ‘green 

vegetables’ accounted for 16%. ‘Meat & meat products’ contributed 17% of the 

MDI of vitamin K1, of which, ‘meat dishes’ accounted for 10%. The contribution 

from ‘fruits’ and ‘potatoes & potato products’ to the MDI of vitamin K1 was 11 and 

8%, respectively.  
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MK-4 dietary sources in the NCFS II 

Table 4 presents the contribution of food groups to the mean daily intake of MK-4 

in Irish children aged 5-12 years in the NCFS II (2017-18). ‘Meat & meat products’ 

was the key source of MK-4 (60%), of which, ‘meat products’ and ‘fresh meat’ 

accounted for 27 and 20%, respectively. ‘Milk & yogurt’ contributed 16% of the 

MDI of MK-4. ‘Eggs & egg dishes’ and ‘cheese’ each contributed 6% of the MDI 

of MK-4. 

MK-5-10 dietary sources in the NCFS II  

Table 5 presents the contribution of food groups to the mean daily intake of MK-

5-10 in Irish children aged 5-12 years in the NCFS II (2017-18). ‘Meat & meat 

products’ was the key source of MK-5-10 (46%), of which, ‘sausages’ accounted 

for 33%. ‘Cheese’ and ‘grains, rice, pasta & savouries’ contributed 32 and 11% of 

the MDI of MK-5-10, respectively.  

Changes in the mean daily intake and sources of vitamin K1 and vitamin K2 

between the NCFS II and the NCFS 

Table 6 reports the mean daily intake of vitamin K1 (µg/d & µg/kg/d) and vitamin 

K2 (µg/d) (MK-4-10, MK-4 and MK-5-10) in Irish children aged 5-12 years in the 

NCFS II (2017-18) and the NCFS (2003-04). There were no differences in the MDI 

of vitamin K1 or vitamin K2 between children aged 5-12 years in the NCFS II and 

the NCFS.  

Table 3 presents the contribution of food groups to the mean daily intake of vitamin 

K1 in the NCFS II (2017-18) and the NCFS (2003-04). Overall, the key sources of 

vitamin K1 in the NCFS II and the NCFS were ‘vegetable & vegetable dishes’, 

‘meat & meat products’, ‘fruits’ and ‘potatoes & potato products’. ‘Vegetable & 

vegetable dishes’ was the key source of vitamin K1 in both the NCFS II (28%) and 

the NCFS (29%), of which, ‘green vegetables’ contributed 16% of vitamin K1 intake 

in both surveys. The contribution from ‘meat dishes’ and ‘fruits’ was higher in the 

NCFS II (10% and 11%, respectively) than the NCFS (5% and 7%, respectively). 

The contribution from ‘potatoes & potato products’ was lower in the NCFS II (8%) 

than the NCFS (15%).  
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Table 4 presents the contribution of food groups to the mean daily intake MK-4 in 

the NCFS II (2017-18) and the NCFS (2003-04). Overall, the key sources of MK-

4 in the NCFS II and the NCFS were ‘meat & meat products’ and ‘milk & yogurt’. 

‘Meat & meat products’ was the key source of MK-4 in both the NCFS II (60%) 

and the NCFS (59%), of which, the contribution from ‘meat products’ was lower in 

the NCFS II (27%) than the NCFS (35%) and the contribution from ‘fresh meat’ 

was higher in the NCFS II (20%) than the NCFS (14%). The contribution from 

‘milk & yogurt’ to the MDI of MK-4 was lower in the NCFS II (16%) than the 

NCFS (25%). 

Table 5 presents the contribution of food groups to the mean daily intake of MK-

5-10 in the NCFS II (2017-18) and the NCFS (2003-04). Overall, the key sources 

of MK-5-10 in the NCFS II and the NCFS were ‘meat & meat products’ and 

‘cheese’. While ‘meat & meat products’ was the key source of MK-5-10 in both 

surveys, the contribution was lower in the NCFS II (46%) than the NCFS (61%). 

Of the ‘meat & meat products’, ‘sausages’ contributed 33% of the MDI of MK-5-

10 in the NCFS II and 51% in the NCFS.  The contribution from ‘cheese’ was higher 

in the NCFS II (32%) than the NCFS (21%). 
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Table 1. Mean daily intake of vitamin K1 (µg/d & µg/kg/d) in Irish children aged 5-12 years in the 

NCFS II (2017-18) 

  
Vitamin K1 (µg/d)    Vitamin K1 (µg/kg/d) 

Mean SD Median IQR   Mean SD Median IQR 

All (n 600) 40.3 25.3 33.7 23.1-50.2   1.4 0.9 1.1 0.7-1.7 

5-8 y (n 300) 38.9 24.2 32.7 22.3-48.9   1.6 1.1 1.4 0.9-2.1 

9-12 y (n 300) 41.5 26.1 34.6 24.7-50.3   1.1* 0.7 0.9 0.6-1.4 

           

Boys (n 300) 42.5 28.8 33.9 23.5-51.8   1.4 1.1 1.1 0.7-1.7 

5-8 y (n 149) 41.0 28.3 32.7 22.3-50.6   1.7 1.2 1.3 0.9-2.1 

9-12 y (n 151) 43.8 29.3 35.3 25.5-57.5   1.2 0.8 1.0 0.6-1.4 

           

Girls (n 300) 37.9 20.7 33.7 22.6-49.2   1.3 0.8 1.1 0.7-1.7 

5-8 y (n 151) 36.8 19.3 32.1 22.2-47.4   1.6 0.9 1.4 0.9-2.1 

9-12 y (n 149) 39.1 22.0 34.5 23.5-49.9    1.0 0.6 0.9 0.6-1.3 
No differences in intakes between boys and girls in µg/d (P=0.440) or µg/kg/d (P=0.465) via Mann-Whitney U Tests 

Differences between age groups were assessed using a Kruscal Wallis test with differences denoted by different superscript 

lower case letters. At age 5-8 y intakes of vitamin K1 (µg/kg/d) were significantly higher (P=0.000) than intakes at age 9-12 y
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*Significantly different (P=0.000) from that of boys within the column via Mann Whitney U Tests 
† Significantly different (P=0.000) from that of 5-8 y age group within the column via Kruskal Wallis Test

Table 2. Mean daily intake of MK-4-10, MK-4 and MK-5-10 (µg/d) in Irish children aged 5-12 years in the NCFS II (2017-18) 

  
MK-4-10 (µg/d)  MK-4 (µg/d)  MK-5-10 (µg/d) 

Mean SD Median IQR  Mean SD Median IQR  Mean SD Median IQR 

All (n 600) 47.8 48.5 27.8 14.8-68.5  9.6 5.0 8.7 6.0-12.3  38.2 44.8 20.4 7.0-57.1 

5-8 y (n 300) 43.4 42.9 25.1 13.1-60.9  8.7 4.2 8.4 5.3-11.3  34.7 39.7 17.8 6.0-50.0 

9-12 y (n 300) 51.8 53.0 31.0 15.9-73.5  10.4† 5.5 9.1 6.7-13.2  41.3 48.8 21.3 8.0-62.4 

               

Boys (n 300) 53.3 51.9 35.2 15.4-75.4  10.5 5.4 9.8 6.7-13.2  42.9 47.9 26.6 8.0-62.2 

5-8 y (n 149) 47.4 47.4 32.3 12.1-70.4  8.9 4.3 8.8 5.4-11.6  38.5 40.2 26.0 5.5-59.0 

9-12 y (n 151) 58.5 58.0 35.7 19.1-80.7  11.8 6.0 11.1 7.5-14.5  46.7 53.5 27.3 8.6-68.0 

               

Girls (n 300) 41.9 44.0 23.6 13.1-57.6  8.7* 4.3 7.9 5.6-10.9  33.2 40.7 15.7 6.0-48.0 

5-8 y (n 151) 39.4 42.1 22.4 13.6-50.3  8.4 4.1 7.8 5.2-10.9  31.0 39.1 15.5 6.6-41.9 

9-12 y (n 149) 44.3 45.8 24.2 12.3-71.6   8.9 4.5 8.0 5.8-10.9   35.4 42.3 15.9 5.5-61.3 
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Table 3. Contribution (µg & %) of food groups to the mean daily intake of vitamin K1 

in Irish children aged 5-12 years in the NCFS II (2017-18) and the NCFS (2003-04) 

Food groups  

NCFS II  

(n 600) 

NCFS  

(n 594) 

µg  % µg  % 

Vegetable & vegetable dishes 14.5 27.9 16.0 29.3 

Green vegetables 9.3 15.5 9.3 15.8 

Other vegetables 2.9 6.6 2.5 5.2 

Peas, beans & lentils 1.5 3.9 1.5 4.3 

Vegetable & pulse dishes 0.8 1.8 2.7 4.0 

Meat & meat products 6.7 17.3 4.0 11.4 

Meat dishes 4.3 9.8 1.8 4.8 

Meat products (sausages, burgers, meat pies) 1.8 5.5 2.0 6.1 

Fresh meat 0.6 2.0 0.1 0.4 

Fruit & fruit juices 4.3 11.8 2.8 7.4 

Fruits 4.0 11.1  2.7  7.0 

Fruit juices & smoothies 0.2 0.7  0.1  0.4 

Potatoes & potato products 2.7 8.2 4.9 15.0 

Biscuits, cakes & pastries 2.1 5.8 1.6 4.8 

Butter, spreading fats & oils 1.7 5.5 3.1 9.4 

Soups, sauces & miscellaneous foods 1.8 4.0 1.0 2.5 

Milk & yogurt  1.0 3.4 1.6 5.3 

Grains, rice, pasta & savouries 1.1 3.1 0.8 2.3 

Sugars, confectionery, preserves & savoury snacks 1.0 3.1 1.7 5.5 

Bread & rolls 0.8 2.6 0.7 2.0 

Fish & fish dishes 0.8 2.0 0.4 1.0 

Breakfast cereals  0.5 1.7 0.4 1.3 

Cheese 0.4 1.2 0.2 0.8 

Creams, ice-creams & chilled desserts 0.3 1.1 0.4 1.0 

Eggs & egg dishes 0.2 0.5 0.2 0.6 

Beverages 0.1 0.3 0.1 0.3 

Nutritional supplements 0.2 0.3 0.0 0.0 

Nuts, seeds, herbs & spices 0.1 0.3 0.1 0.2 

Total 40.3 100 39.9 100 
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Table 4. Contribution (µg & %) of food groups to the mean daily intake of MK-4 in 

Irish children aged 5-12 years in the NCFS II (2017-18) and the NCFS (2003-04) 

Food groups  

NCFS II  

(n 600) 

NCFS 

 (n 594) 

µg  % µg  % 

Meat & meat products 6.1 59.8 6.3 59.0 

Meat products (sausages, burgers, meat pies) 3.1 27.3 4.0 35.3 

Fresh meat 1.9 20.2 1.4 14.1 

Meat dishes 1.1 12.3 0.9 9.5 

Milk & yogurt  1.4 15.5 2.3 24.5 

Eggs & egg dishes 0.6 6.1 0.5 4.7 

Cheese 0.4 5.5 0.3 3.6 

Butter, spreading fats & oils 0.4 4.7 0.3 2.5 

Creams, ice-creams & chilled desserts 0.2 1.9 0.2 2.2 

Breakfast cereals  0.1 1.4 0.0 0.0 

Grains, rice, pasta & savouries 0.1 1.4 0.0 0.6 

Sugars, confectionery, preserves & savoury snacks 0.1 1.3 0.2 1.9 

Potatoes & potato products 0.1 1.2 0.1 0.9 

Fish & fish dishes 0.0 0.5 0.0 0.2 

Biscuits, cakes & pastries 0.0 0.3 0.0 0.0 

Bread & rolls 0.0 0.2 0.0 0.0 

Vegetable & vegetable dishes 0.0 0.1 0.0 0.1 

Fruit & fruit juices 0.0 0.1 0.0 0.0 

Beverages 0.0 0.0 0.0 0.0 

Soups, sauces & miscellaneous foods 0.0 0.1 0.0 0.0 

Nutritional supplements 0.0 0.0 0.0 0.0 

Nuts, seeds, herbs & spices 0.0 0.0 0.0 0.0 

Total 9.6 100 10.1 100 
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Table 5.  Contribution (µg & %) of food groups to the mean daily intake of MK-5-10  

in Irish children aged 5-12 years in the NCFS II (2017-18) and the NCFS (2003-04) 

Food groups  

NCFS II 

 (n 600) 

NCFS  

(n 594) 

µg % µg % 

Meat & meat products 29.0 45.6 35.3 61.2 

Sausages 25.9 33.0 33.0 51.1 

Fresh meat 0.3 4.7 0.2 2.8 

Meat dishes 1.0 3.9 0.7 1.8 

Meat products (burgers, meat pies) 1.8 3.9 1.4 5.6 

Cheese 6.8 31.9 4.8 20.9 

Grains, rice, pasta & savouries 1.7 11.2 1.1 8.9 

Milk & yogurt  0.2 6.3 0.4 6.8 

Fish & fish dishes 0.1 1.6 0.1 0.8 

Bread & rolls 0.1 1.1 0.0 0.0 

Creams, ice-creams & chilled desserts 0.1 0.7 0.0 0.4 

Eggs & egg dishes 0.2 0.5 0.1 0.5 

Butter, spreading fats & oils 0.0 0.4 0.0 0.2 

Breakfast cereals  0.0 0.3 0.0 0.0 

Nutritional supplements 0.0 0.2 0.0 0.0 

Vegetable & vegetable dishes 0.0 0.2 0.0 0.2 

Biscuits, cakes & pastries 0.0 0.0 0.0 0.0 

Potatoes & potato products 0.0 0.0 0.0 0.1 

Fruit & fruit juices 0.0 0.0 0.0 0.0 

Beverages 0.0 0.0 0.0 0.0 

Sugars, confectionery, preserves & savoury snacks 0.0 0.0 0.0 0.0 

Soups, sauces & miscellaneous foods 0.0 0.0 0.0 0.0 

Nuts, seeds, herbs & spices 0.0 0.0 0.0 0.0 

Total  38.2 100 41.7 100 
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There were no differences (P<0.01) in intakes between the NCFS II and NCFS  via Mann Whitney  U Tests

Table 6. Mean daily intake of vitamin K1 (µg/d & µg/kg/d) and vitamin K2 (µg/d) (MK-4-10, MK-4 and MK-5-10) in 

Irish children aged 5-12 years in the NCFS II (2017-18) and the NCFS (2003-04) 

 
NCFS II (n 600)  NCFS (n 594) 

Mean SD Median IQR   Mean SD Median IQR 

Vitamin K1 (µg/d) 40.3 25.3 33.7 23.1-50.2  39.9 23.8 33.2 24.3-49.2 

Vitamin K1 (µg/kg/d) 1.4 0.9 1.1 0.7-1.7  1.3 0.8 1.1 0.8-1.6 

          

MK-4-10 (µg/d) 47.8 48.5 27.8 14.8-68.5  51.8 46.9 38.9 17.3-71.1 

MK-4 (µg/d) 9.6 5.0 8.7 6.0-12.3  10.1 4.4 9.5 6.8-12.2 

MK-5-10 (µg/d) 38.2 44.8 20.4 7.0-57.1  41.7 43.4 29.8 8.7-59.4 
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Discussion 

The aim of this chapter was to estimate the current intake and sources of vitamin 

K1 and vitamin K2 in Irish school-aged children from the NCFS II (2017-18) and to 

identify any changes in vitamin K1 and vitamin K2 intake and sources since the 

previous NCFS (2003-2004). The MDI of vitamin K1 in the NCFS II was 

1.4µg/kg/d, with ‘vegetable & vegetable dishes’, ‘meat & meat products’ and 

‘fruits’ the key sources of vitamin K1 accounting for 28, 17 and 11% of intakes, 

respectively. The MDI of MK-4-10 was 48µg/d (MK-4: 10µg/d, MK-5-10: 

38µg/d). ‘Meat & meat products’ and ‘milk & yogurt’ were the key sources of MK-

4 in Irish children accounting for 60 and 16% of intakes, respectively. ‘Meat & meat 

products’ and ‘cheese’ were the key sources of MK-5-10 in Irish children 

accounting for 46 and 32% of intakes, respectively. There was no difference in the 

MDI or key dietary sources of vitamin K1 or vitamin K2 between the current NCFS 

II (2017-18) and the NCFS (2003-04). 

In the NCFS II, mean daily vitamin K1 intake was above the EFSA AI of 1µg/kg/d 

for each gender and age group examined (EFSA Panel on Dietetic Products et al., 

2017). The MDI of vitamin K1 in Irish children (40µg/d) was lower than intakes 

reported in national surveys of children in Austria (59-75µg/d for children aged 7-

12 years) and the United States (63µg/d for children 6-11 years) (Elmadfa et al., 

2012, US Department of Agriculture, 2018). The higher consumption of fruit and 

vegetables in Austrian children (265g) compared to Irish children (221g) may partly 

explain the higher intake of vitamin K1 observed in Austrian children (Yngve et al., 

2005, Irish Universities Nutrition Alliance, 2019). The inclusion of french fries as 

a vegetable in the American dietary guidelines and the frequent consumption of 

fried potato products in American children may contribute somewhat to the higher 

vitamin K1 intakes observed in American children due to the vitamin K1 rich oils 

which may be used in the cooking and preparation of potato products (Peterson et 

al., 2002, Lorson et al., 2009, McGuire, 2011). 

‘Vegetable & vegetable dishes’ (28%) was the key source of vitamin K1 in Irish 

children, of which, ‘green vegetables’ accounted for 16%. Similar findings have 

been reported in children in the US and the UK with green vegetables contributing 

15-35% of vitamin K1 intake (Booth et al., 1996, Prynne et al., 2005). ‘Meat & 

meat products’ contributed 17% of vitamin K1 intake, of which, ‘meat dishes’ 
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accounted for 10%. Mixed dishes have previously been reported as an unexpected 

source of vitamin K and a key contributor to vitamin K1 intakes in the US primarily 

due to the oils and vegetables included in the dish (Finnan et al., 2017, Harshman 

et al., 2017). The contribution from ‘fruits’ (11%) was due the consumption of 

whole fruits some of which contain moderate amounts of vitamin K1 (e.g. Kiwi 

fruit, berries) (Dismore et al., 2003).  

For vitamin K2, the MDI of MK-4-10 was 48µg/d in Irish children aged 5-12 years, 

with mean intakes of MK-4 and MK-5-10 of 10 and 38µg/d, respectively. As there 

is currently no dietary reference value for vitamin K2, no statement can be made on 

the adequacy of these intakes (EFSA Panel on Dietetic Products et al., 2017).  

‘Meat & meat products’ accounted for almost 60% of the MDI of MK-4 in Irish 

children followed by ‘milk and yogurt’ which accounted for 16% of intakes. MK-

4 found in these foods is as a result of the menadione added to animal feed or the 

conversion from ingested vitamin K1 in mammals (Hirota et al., 2013, EFSA Panel 

on Additives and Products or Substances used in Animal Feed, 2014). 

The key source of MK-5-10 in Irish children was ‘meat & meat products’ (46%), 

of which, ‘sausages’ accounted for 33% of intakes, which is explained by  the high 

menaquinone concentration in sausages (336µg/100g) (Fu et al., 2016). ‘Cheese’ 

contributed 32% of MK-5-10 intake in Irish children. The origin of these 

menaquinones is due to the starter culture used in the fermentation process and 

cheese has been outlined as one of the most important sources of the long chain 

menaquinones in the Western Diet (Vermeer et al., 2018).  

Changes in the intakes and sources of vitamin K1 and vitamin K2 between the 

NCFS II and the NCFS 

When comparing the MDI of vitamin K1 in the NCFS II (2017-18) and the NCFS 

(2003-04), there was no difference (P=0.440) in intake between the two surveys 

(1.4µg/kg/d v 1.3µg/kg/d). ‘Vegetable & vegetable dishes’ was the key food group 

contributing to vitamin K1 intake in both surveys (28% v 29%), of which ‘green 

vegetables’ contributed 16% in both surveys. While ‘meat & meat products’, 

‘fruits’ and ‘potatoes & potato products’ were also key sources of vitamin K1 in 

both surveys, changes in the relative contribution of these food groups are reflective 

of the changes in dietary patterns observed since the NCFS (Irish Universities 
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Nutrition Alliance, 2019). The contribution from ‘meat & meat products’ and 

‘fruits’ was higher in the NCFS II (17% and 12%, respectively) than the NCFS 

(11% and 7%, respectively). This was attributable to the higher consumption of 

‘meat dishes’ (47g) and ‘discrete fruit’ (90g) in the NCFS II compared to the NCFS 

(37g and 59g, respectively) (Irish Universities Nutrition Alliance, 2019). There was 

a lower contribution to vitamin K1 from ‘potatoes & potato products’ in the NCFS 

II (8%) than the NCFS (15%), due to a lower intake of this food group in the NCFS 

II (61g) compared to the NCFS (98g). 

There are a small number of studies reporting the key food groups contributing to 

intakes of vitamin K1 in children.  Prynne et al. (2005) reported that ‘vegetable and 

vegetable products’ contributed 48% of vitamin K1 intake in British children aged 

4 years, of which, 15% came from ‘green leafy vegetables’. ‘Potato and potato 

products’ accounted for 18% of intakes in British children which is far higher than 

the 8% contribution in Irish children in the NCFS II. Variances in the foods included 

in the ‘potato and potato products’ food group and differences in the age categories 

may partly explain the large difference in the contribution between British children 

and Irish children. Additional foods may have been included that are not outlined. 

Similarly, data from the Food and Drug Administrations Total Diet Study in the US 

(1987-88) reported that green vegetables were the top contributor to vitamin K1 

intake (26-35%) across each gender and age group from 2-16 years (Booth et al., 

1996). 

There were no differences in the MDI of MK-4-10, MK-4 and MK-5-10 between 

the NCFS II (2017-18) and the NCFS (2003-04) of Irish children aged 5-12 years. 

‘Meat and meat products’ was the key source of MK-4 in both the NCFS II (60%) 

and the NCFS (59%). However, there was a lower contribution from ‘meat 

products’ in the NCFS II (27%) compared to the NCFS (35%) and a higher 

contribution from ‘fresh meat’ in the NCFS II (20%) than the NCFS (14%). There 

was a lower contribution from ‘milk & yogurt’ in the NCFS II (16%) compared to 

the NCFS (25%) due to a lower consumption of milk in the NCFS II (186g) than 

the NCFS (258g).  

The contribution from ‘meat & meat products’ to intakes of MK-5-10 was lower in 

the NCFS II (46%) than the NCFS (61%) primarily due to the lower consumption 
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of ‘sausages’ in the NCFS II (28g v 19g) (Irish Universities Nutrition Alliance, 

2019). The contribution from ‘cheese’ to the MDI of MK-5-10 was 32% in the 

NCFS II and 21% in the NCFS reflective of the slightly higher consumption of 

cheese in the NCFS II (11g v 8g).  

There are currently no nationally representative data on the key sources of vitamin 

K2 in children across Europe or the US. In adults, the sources of menaquinones were 

reported in two studies which used dietary data from the EPIC study with dairy 

products (60%), especially cheese (43-53%), and meat and meat products (17%) 

found to be the key contributors to intakes of the menaquinones (Nimptsch et al., 

2008, Beulens et al., 2010). Further research is needed to examine the key sources 

of vitamin K2 in children across Europe and further afield.  

Public health implication 

Although the intake of vitamin K1 in Irish children was higher than the AI required 

to maintain normal blood coagulation (EFSA Panel on Dietetic Products et al., 

2017), evidence suggests that current dietary reference values may be insufficient 

to support the role of vitamin K in extra hepatic functions such as the carboxylation 

of osteocalcin (McCann and Ames, 2009). For example, high levels of 

undercarboxylated osteocalcin and a poor vitamin K status of bone during growth 

have been reported in children in the Netherlands (Van Summeren et al., 2007, Van 

Summeren et al., 2008). In addition, children with an unfavourable ratio of 

undercarboxylated osteocalcin to carboxylated osteocalcin (UCR) have a 78 times 

greater risk of low energy fractures (fall from the child’s own height or a fall during 

team games) (Popko et al., 2018). Considering improvements in the UCR have been 

reported in children supplemented with MK-7 (Van Summeren et al., 2009) and a 

better vitamin K status results in improvements in bone health parameters 

(Kalkwarf et al., 2004, O'Connor et al., 2007, Van Summeren et al., 2008); further 

research is required to investigate if current dietary reference values support the role 

of vitamin K beyond its function in haemostasis.  

Strengths and limitations 

The key strength of this study was the high quality dietary data (including brand 

and recipe level data) used to estimate vitamin K1 and vitamin K2 intakes and 

sources in both the NCFS II and the NCFS, both of which had a similar 
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methodology allowing direct comparison between the two surveys. The issue of 

under reporting, a known limitation with all dietary assessment, was minimised by 

high level of researcher-participant interaction by trained research nutritionists. 

Conclusion 

This was the first study to estimate changes in the intakes and dietary sources of 

vitamin K1 and vitamin K2 using nationally representative samples of children. The 

key finding was that the mean daily intake of vitamin K1 in Irish children aged 5-

12 years from the NCFS II was above the EFSA AI of 1.0µg/kg/d for all gender and 

age groups examined. ‘Vegetable & vegetable dishes’ ‘meat & meat products’ and 

‘fruits’ were the key sources of vitamin K1. The mean daily intake of MK-4-10 was 

48µg/d, with mean intakes of MK-4 and MK-5-10 of 10 and 38µg/d, respectively. 

‘Meat & meat products’ ‘cheese’ and ‘milk & yogurt’ were key sources of 

menaquinones in Irish children in the NCFS II. 

There were no differences observed in vitamin K1 and vitamin K2 intakes between 

the NCFS II (2017-18) and the NCFS (2003-04). Furthermore, the key sources of 

both vitamin K1 and vitamin K2 were similar between the two surveys however, 

there were some slight differences in the relative contribution of food groups to 

vitamin K intakes explained by changes in dietary patterns over the last 15 years. 

Considering that current dietary intakes of vitamin K may not support the 

carboxylation of the extra hepatic vitamin K dependent proteins, food based 

strategies may be required to increase vitamin K intakes in children.
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The role of vitamin K in maintaining normal blood coagulation is well established 

however, on-going research has suggested that vitamin K may have a further role in 

areas such as bone health, cardiovascular health, cognition and anti-inflammatory 

functions (Booth, 2009, Vermeer and Theuwissen, 2011, Halder et al., 2019, Simes et 

al., 2020). There are currently few data available on vitamin K intakes in nationally 

representative samples of population groups (partly due to limited composition data 

for vitamin K and its individual components) and the European Food Safety Authority 

(EFSA) have recently outlined the need for further data on the intake of vitamin K 

(including phylloquinone and menaquinones) in European population groups (EFSA 

Panel on Dietetic Products et al., 2017). In direct response to this call from the EFSA, 

this PhD thesis aimed to estimate the intake, adequacy and dietary sources of vitamin 

K1 and vitamin K2 in nationally representative samples of the Irish population aged 1-

90 years. A further aim was to investigate any changes in vitamin K1 and vitamin K2 

intakes and sources in school-aged children between 2003-04 and 2017-18 using data 

from two nationally representative surveys of Irish children (5-12y), which used 

similar methodologies for dietary assessment. To facilitate estimation of these intakes, 

the first step of this thesis was to update the Irish Food Composition Database with 

composition data for vitamin K1 and vitamin K2. 

The Irish Food Composition Database (IFCD) (2012) contains comprehensive data for 

3443 foods and beverages consumed by the Irish population aged 1-90 years, collected 

during four national dietary surveys carried out by the Irish Universities Nutrition 

Alliance over the last 20 years. These surveys included the National Pre-school 

Nutrition Survey (1-4y) (2010-11), the National Children’s Food Survey (5-12y) 

(2003-04), the National Teens’ Food Survey (13-17y) (2005-06) and the National 

Adult Nutrition Survey (18-90y) (2008-10) (www.iuna.net). As the IFCD (2012) only 

contains limited data for vitamin K1 and no data for vitamin K2, the first aim of this 

thesis was to update the IFCD (2012) with composition data for vitamin K1 and 

vitamin K2 (menaquinone-4 (MK-4) and menaquinone-5-10 (MK-10)). As there are 

no analytical composition data available for the vitamin K1 or vitamin K2 content of 

foods in Ireland, composition data were obtained or ‘borrowed’ from other analytical 

sources as this is considered to be an appropriate method for estimating nutrient 

content when direct analysis is not feasible (Rand et al., 1991, Schakel et al., 1997).  

http://www.iuna.net/
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For vitamin K1, published analytical values from the UK Composition of Foods 

Integrated Dataset (COFID) and the United States Department of Agriculture (USDA) 

National Nutrient Database provided composition data for 48% of food codes and 

analytical values sourced from published papers provided composition data for a 

further 5% of food codes (Booth et al., 1993, Bolton-Smith et al., 2000, Dismore et 

al., 2003, Damon et al., 2005, Presse et al., 2015, Public Health England Composition 

of Foods Integrated Dataset, 2015, USDA National Nutrient Database for Standard 

References Release 28, 2015). Composition data from these sources were also used to 

estimate the vitamin K1 content of recipes of composite dishes which were calculated 

at ingredient level and made up almost one third (31%) of all food codes in the IFCD 

(2012). This was necessary to account for the large variation in the vitamin K1 content 

of certain foods such as cooking oils and vegetables, both of which are common 

ingredients of composite dishes and this methodology can be considered a key strength 

of the present study (Peterson et al., 2002, Damon et al., 2005).   

In general, foods in the IFCD (2012) were not fortified with vitamin K1, with the 

notable exception of infant formula. Furthermore, most nutritional supplements did 

not contain vitamin K1. For those retail products/supplements that did contain vitamin 

K1, nutritional information from product labels (at brand level) was used to assign 

appropriate vitamin K1 values. For a small number of food codes, the vitamin K1 

content was assigned based on the fat content of a similar product or where no 

composition data were available, foods were assigned a value of zero as they were 

likely to contain negligible amounts of vitamin K1. Herbs (213-3220µg/100g) and 

‘vegetable & vegetable dishes’ (0-840µg/100g) were the most concentrated foods with 

vitamin K1 in the database. Hence, in order to ensure accurate estimates of vitamin K1 

intakes in the Irish population, herbs in quantities as low as 0.5g in recipes of 

composite dishes were included when assigning vitamin K1 values to foods in the 

IFCD (2012).  

For vitamin K2, the IFCD (2012) was also updated to include MK-4 and MK-5-10 

composition data for the 3443 food codes. The menaquinones are produced by bacteria 

capable of food fermentation (with the exception of MK-4), and are therefore found 

in foods of animal origin and fermented foods (Schurgers and Vermeer, 2000, 

Manoury et al., 2013, Tarvainen et al., 2019). The amount and types of menaquinones 

present in a food are dependent on the fermentation conditions and the form of bacteria 
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used in the production process (Walther and Chollet, 2017). MK-4 differs from the 

other menaquinones as it is not produced by bacteria but is formed in mammals from 

the tissue specific conversion from ingested vitamin K1 or menadione (a synthetic 

form of vitamin K added to animal feed) (Okano et al., 2008, Hirota et al., 2013, EFSA 

Panel on Additives and Products or Substances used in Animal Feed, 2014). When 

updating the IFCD (2012) for menaquinones, foods that were either not fermented or 

were not of animal origin (48% of food codes) were assigned a 0µg value for MK-4 

and MK-5-10. Published analytical values from the UK COFID and published papers 

provided composition data for 16% of food codes (Schurgers and Vermeer, 2000, 

Public Health England Composition of Foods Integrated Dataset, 2015, Fu et al., 

2016). Using a similar methodology to that used to assign vitamin K1 values to recipes, 

the MK-4 and MK-5-10 content of recipes of composite dishes in the IFCD (2012) 

were calculated at ingredient level (25% of food codes). Using nutritional information 

on product labels (at brand level), it was found that there were no foods or nutritional 

supplements in the database that were fortified with either MK-4 or MK-5-10 hence 

they were assigned a 0µg value for MK-4 and MK-5-10. A composition value of zero 

was assigned to a small number (<1%) of food codes where there were no composition 

data available. Foods highest in MK-4 were ‘meat & meat products’ (0-28µg/100g), 

‘eggs & egg dishes’ (2.2-15µg/100g) and ‘butter, spreading fats & oils’ (0-

15µg/100g). Foods highest in MK-5-10 were ‘meat & meat products’ (0-341µg/100g), 

‘cheese’ (24-72µg/100g) and ‘eggs & egg dishes’ (0-28µg/100g). Given the high 

vitamin K2 concentration of these products and the wide consumption in the Irish 

population, they are likely to make significant contributions to intakes of vitamin K2. 

The composition data for vitamin K (including phylloquinone and menaquinones) now 

available in IFCD (2012) is the first to provide data on the vitamin K composition of 

foods in Ireland. This database will support the assessment of vitamin K1 and vitamin 

K2 intakes across the Irish population.  

Few national dietary surveys have estimated vitamin K intake in population groups, 

which may be partly due to the limited composition data for vitamin K and its separate 

components (Shearer and Bolton-Smith, 2000, Elmadfa and Meyer, 2010). In Ireland, 

the intake of vitamin K1 in adults aged 18-90 years has previously been published, 

(Hayes et al., 2016) however there are no data published on intakes of vitamin K1 in 

other population groups (with the exception of preliminary estimates for children aged 



150 
 

5-12y using limited food composition data)  (Hannon et al., 2007). Therefore, the next 

aim of this thesis was to estimate the intake, adequacy and sources of vitamin K1 in 

Irish children aged 1-17 years. The current study used dietary data from three 

nationally representative surveys of Irish children; the National Pre-school Nutrition 

Survey of young children (1-4y), the National Children’s Food Survey of school-aged 

children (5-12y) and the National Teens' Food Survey of adolescents (13-17y). The 

key finding of this study was that the mean intakes of vitamin K1 for Irish pre-school 

children (2.2µg/kg/d) and school-aged children (1.3µg/kg/d) were above the EFSA 

Adequate Intake (AI) of 1µg/kg/d (required to maintain normal blood coagulation), 

however the mean vitamin K1 intake for Irish teenagers (0.9µg/kg/d) was below the 

same AI (EFSA Panel on Dietetic Products et al., 2017). Vitamin K1 intake in Irish 

pre-school children was similar to vitamin K intakes in children aged 1-5 years in 

Greece (32µg/d) and higher than vitamin K1 intake in 4-year-old children in the UK 

(1.4µg/kg/day) (Prynne et al., 2005, Manios et al., 2008). Vitamin K1 intakes in Irish 

school-aged children (40µg/d) and teenagers (55µg/d) were generally lower than 

intakes reported in nationally representative samples of Austrian children 7-14y (59-

75µg/d) and US children 6-19y (63-79µg/d) (Elmadfa et al., 2012, US Department of 

Agriculture, 2018). This may be somewhat attributable to differences in food 

consumption patterns or food-based dietary guidelines between countries, such as the 

higher consumption of fruit and vegetables reported in Austrian Children (Yngve et 

al., 2005) and the inclusion of french fries (in the vegetable food-group) in the 

American dietary guidelines (McGuire, 2011).  

In the present study of Irish children (1-17y), ‘vegetable & vegetable dishes’ was the 

key source of vitamin K1 (26%-32%), the majority of which was attributable to ‘green 

vegetables’ (15%-16%). The contribution from fruit to vitamin K1 intake was higher 

in  preschool children (14%) compared to school aged children and teenagers (4-7%), 

partly due to the higher consumption of fruit in Irish pre-school children (113g) 

compared to the older age groups (80-94g). ‘Potatoes & potato products’ contributed 

15-17% of vitamin K1 intakes in the older age groups (5-12 y and 13-17 y), primarily 

due to the vitamin K1 rich oils used in the cooking and preparation of the chips, fried 

and roast potatoes which contributed 12-14% of overall vitamin K1 intakes. Similar 

sources of vitamin K1 have been reported in children in the UK and US and in previous 
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studies in Irish adults (Booth et al., 1996, Duggan et al., 2004, Prynne et al., 2005, 

Hayes et al., 2016).  

Whilst the findings from this study suggest that current intakes of vitamin K1 in Irish 

children are generally adequate to maintain normal blood coagulation, higher intakes 

may be required to support optimal bone growth throughout childhood. Studies in 

children have reported that a better vitamin K status results in improvements in bone 

health parameters and reduces the risk of low energy fractures (fall from the patient’s 

own height or a fall during team games) (Kalkwarf et al., 2004, O'Connor et al., 2007, 

Van Summeren et al., 2008, Popko et al., 2018). Furthermore, unfavourable levels of 

undercarboxylated osteocalcin (measure of vitamin K status) have been identified in 

children throughout Europe indicating a poor vitamin K status of bone during growth 

(Kalkwarf et al., 2004, O'Connor et al., 2007, Van Summeren et al., 2007, Van 

Summeren et al., 2008, Popko et al., 2018).  

There are currently no data available on vitamin K2 intakes in any population group in 

Ireland, partly due to limited composition data for the total and/or individual 

menaquinones, hence the next aim of this thesis was to estimate the intake and  dietary 

sources of vitamin K2 in the Irish population aged 1-90 years. As previously 

mentioned, the menaquinones are produced by bacteria capable of food fermentation 

(with the exception of MK-4) (Walther et al., 2013). MK-4 is unique amongst the 

menaquinones and is found in foods of animal origin due to the tissue specific 

conversion from ingested vitamin K1 or menadione (a synthetic form of vitamin K 

added to animal feed) (Okano et al., 2008, Hirota et al., 2013, EFSA Panel on 

Additives and Products or Substances used in Animal Feed, 2014). Intakes of vitamin 

K2 were reported as MK-4-10 and also separately as MK-4 and MK-5-10 due to the 

difference in the origin and bioavailability of these menaquinones (Beulens et al., 

2013). Mean intakes of MK-4-10 ranged from 40-55µg/d (range across age group) in 

Irish children aged 1-17 years and from 42-58µg/d in adults 18-90 years. According 

to EFSA, there is currently insufficient knowledge available on the function, content 

and bioavailability of menaquinones in the body to set a dietary reference value for 

vitamin K2 (EFSA Panel on Dietetic Products et al., 2017).   

With regard to the individual menaquinones, mean intakes of MK-4 ranged from 8-

13µg/d, with ‘meat & meat products’ (50-67%) and ‘milk’ (8-25%) the key sources to 
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intakes of MK-4 across the population groups. Mean intakes of MK-5-10 ranged from 

32-45µg/d, with ‘meat & meat products’ (44-61%) and ‘cheese’ (21-37%) the key 

sources to intakes of MK-5-10. Of the ‘meat & meat products’, sausages accounted 

for between 27-51% of MK-5-10 intakes. The origin of menaquinones in sausages and 

other meat products is not yet fully understood, however they may be absorbed from 

the intestine of the animal where menaquinones are synthesized by intestinal bacteria 

(Fu et al., 2016). MK-5-10 are produced by bacteria and their presence in foods, 

particularly cheese, is primarily due to the starter culture used in the fermentation 

process (Manoury et al., 2013). To the best of this author’s knowledge, this study is 

the first to report vitamin K2 intakes and dietary sources in nationally representative 

samples of adults and children. Prospective cohort studies have however reported the 

intakes of the menaquinones and their association with specific health outcomes 

(Geleijnse et al., 2004, Nimptsch et al., 2008, Gast et al., 2009, Apalset et al., 2010, 

Beulens et al., 2010, Nimptsch et al., 2010, Apalset et al., 2011, Vissers et al., 2013, 

Zwakenberg et al., 2017). A study in the Netherlands reported intakes of MK-4 and 

MK-5-10 of 7 and 22µg/d respectively for the Dutch elderly (>55 years), using dietary 

data collected during the Rotterdam Study (Schurgers et al., 1999). These intakes are 

lower than intakes estimated in Irish adults of a similar age. 

Research has suggested that the menaquinones may play a pivotal role in reducing the 

risk of chronic diseases of aging, particularly the long chained menaquinones, which 

may protect against the development of coronary heart disease (Geleijnse et al., 2004, 

Beulens et al., 2009, Gast et al., 2009). However, further research is required to fully 

understand the role of the menaquinones in human health including the bioavailability 

of the individual menaquinones. 

New data on the dietary intake of Irish children aged 5-12 years have recently become 

available through the National Children’s Food Survey II (NCFS II) (2017-18). The 

final aim of this study was to estimate the intakes and dietary sources of vitamin K1 

and vitamin K2 in Irish children aged 5-12 years from the NCFS II and to compare 

these data to the previous NCFS (2003-04). Similar to that described earlier for the 

IFCD (2012), vitamin K1 and vitamin K2 composition data were assigned to each food 

code in the NCFS II using published analytical values, recipe calculation and 

nutritional information on product labels. In the NCFS II database, there were no foods 

fortified with vitamin K1 or vitamin K2. However, five nutritional supplements 
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contained vitamin K1 (6-38µg per dose) and one nutritional supplement contained 

MK-7 (40µg per dose). The overall finding of this study was that there was no 

difference in the intake of vitamin K1 (NCFS II: 1.4µg/kg/d, NCFS: 1.3µg/kg/d) or 

vitamin K2 (NCFS II: 48µg/d, NCFS: 52µg/d) between the NCFS II (2017-18) and the 

previous NCFS (2003-04). The key source of vitamin K1 in both surveys was 

‘vegetable & vegetable dishes’ (NCFS II: 28%, NCFS: 29%), of which, green 

vegetables contributed 16% to vitamin K1 intake in both surveys. Other important 

sources of vitamin K1 intake in Irish children were ‘meat & meat products’ (NCFS II: 

17%, NCFS: 11%) and ‘fruit & fruit juices’ (NCFS II: 12%, NCFS: 7%). ‘Meat & 

meat products’ was the key sources of MK-4 in Irish children in the NCFS II (60%) 

and the NCFS (59%). ‘Meat & meat products’ was also the key sources of MK-5-10 

in Irish children accounting for 46 and 61% of intakes in the NCFS II and the NCFS, 

respectively. There were some slight differences in the relative contribution of 

individual food groups to intakes of vitamin K1 and vitamin K2 in the NCFS II 

compared to the NCFS, due to changes in dietary patterns including a higher intake of 

‘fresh meat & meat dishes’ and fruit and a lower intake of milk and ‘potatoes & potato 

products’ in the NCFS II compared to the previous NCFS (Irish Universities Nutrition 

Alliance, 2019). 

The present thesis has a number of strengths. The use of nationally representative high 

quality dietary data (including brand level detail and recipes of composite dishes) for 

estimating intakes and sources of vitamin K in the Irish population is a key strength of 

this study. The detailed methodology used to assign vitamin K values to each food 

consumed, which included the calculation of the vitamin K content of recipes at 

ingredient level is a further strength of this study. This study is also the first to report 

intake and sources of vitamin K1 in nationally representative samples of children 

(including changes since 2003-04 in school-aged children) and intake and sources of 

vitamin K2 in nationally representative samples of all age groups. Whist under 

reporting of energy intake is a known limitation with dietary assessment, this issue 

was minimised by high levels of researcher-participant interaction across each survey 

(three visits over the 4-day recording period for the NCFS II, NPNS and the NANS 

and 4 visits over the 7-day recording period for the NCFS and the NTFS). 

To conclude, this study was the first to estimate the intake, adequacy and dietary 

sources of vitamin K1 and vitamin K2, in nationally representative samples of the Irish 
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population aged 1-90 years. Vitamin K1 intakes in Irish children aged 1-4 and 5-12 

years were 2.2 and 1.3µg/kg/d, respectively, which are above the AI of 1µg/kg/d set 

by EFSA to maintain normal blood coagulation (EFSA Panel on Dietetic Products et 

al., 2017). However, intakes in teenagers aged 13-17 years (0.9µg/kg/d) were below 

the AI. ‘Vegetable & vegetable dishes’ was the key source of vitamin K1 in Irish 

children of all age-groups (26%-32%). For vitamin K2, mean intakes of MK-4 and 

MK-5-10 ranged from 8-13µg/d and 32-45 µg/d, respectively in the Irish population 

aged 1-90 years however, no conclusion can be drawn on the adequacy of 

menaquinone intake, as there are currently no dietary reference values for vitamin K2 

(EFSA Panel on Dietetic Products et al., 2017). ‘Meat & meat products’ was the key 

source of MK-4 (50-67%) and MK-5-10 (44-61%) in Irish children and adults. For 

school aged children, there was no difference in the intake or sources of vitamin K1 or 

vitamin K2 between the NCFS II (2017-18) and the NCFS (2003-04) despite changes 

in dietary patterns such as a higher intake of ‘fresh meat & meat dishes’ and whole 

fruit and a lower intake of milk and ‘potatoes & potato products’  in the NCFS II 

compared to the NCFS (Irish Universities Nutrition Alliance, 2019).  

The data presented in this study will add to the small pool of data available on vitamin 

K1 and vitamin K2 intakes and sources in nationally representative samples of 

population groups and provides further data on the vitamin K composition of foods in 

Ireland.  

While current intakes of vitamin K seem adequate to maintain normal blood 

coagulation, evidence suggests they might not be sufficient to support the 

carboxylation of all vitamin K dependent proteins with potential roles in bone health, 

cardiovascular health, cognition and anti-inflammatory functions. Food based 

strategies may be needed to increase intakes of vitamin K for optimum health of all 

population groups.  

Further research should consider the need for analytical values for the vitamin K 

content of foods. A uniform method of reporting vitamin K composition (whether 

vitamin K1, vitamin K2 or total vitamin K) is needed to allow comparison of the vitamin 

K content of foods between countries. Future national dietary surveys across Europe 

should include vitamin K in their assessment of nutrient intakes in healthy population 

groups and further investigation into the bioavailability and function of the individual 
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forms of vitamin K is required. There is also a need to establish cut off values for 

biomarkers of vitamin K status, which would allow dietary reference values for 

population groups to be determined. 
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Appendix I 19 Food Groups 

1. Grains, rice, pasta and savouries. 

2. Bread & rolls 

3. Breakfast cereals  

4. Biscuits, cakes & pastries 

5. Milk & yoghurt  

6. Creams, ice-creams & chilled desserts 

7. Cheeses 

8. Butter, spreading fats & oils 

9. Eggs & egg dishes 

10. Potatoes & potato products 

11. Veg & veg dishes 

12. Fruit & fruit juices 

13. Fish & fish dishes 

14. Meat & meat products 

15. Beverages 

16. Sugars, confectionery, preserves & savoury snacks 

17. Soups, sauces & miscellaneous foods 

18. Nutritional supplements 

19. Nuts, seeds, herbs & spices



163 
 

Appendix II 77 Food Groups 

1.    Rice & pasta, flours, grains & starch  

2.    Savouries  

3.    White sliced bread & rolls  

4.    Wholemeal & brown bread & rolls  

5.    Other breads  

6.     RTEBC  

7.     Other breakfast cereals  

8.     Biscuits including crackers  

9.     Cakes, pastries & buns  

10.   Whole milk  

11.   Low fat, skimmed & fortified milks  

12.   Other milks & milk based beverages  

13.   Creams  

14.   Cheeses  

15.   Yoghurts  

16.   Ice creams  

17.   Desserts  

18.   Rice puddings & custards  

19.   Eggs & egg dishes  

20.   Butter (over 80% fat)  

21.   Low fat spreads (under 40% fat)  

22.   Other fat spreads (40%-80% fat)  

23.   Oils (not including those used in recipes)  
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24.   Hard cooking fats  

25.   Potatoes (boiled, baked, mashed)  

26.   Processed & homemade potato products  

27.   Chipped, fried & roasted potatoes  

28.   Vegetable & pulse dishes  

29.   Peas, beans & lentils  

30.   Green vegetables  

31.   Carrots  

32.   Salad vegetables  

33.   Other vegetables  

34.   Tinned or jarred vegetables  

35.   Fruit juices & smoothies  

36.   Bananas  

37.   Other fruits  

38.   Citrus fruits  

39.   Tinned fruits  

40.   Nuts & seeds, herbs & spices  

41.   Fish & fish products  

42.   Fish dishes  

43.   Bacon & ham  

44.   Beef & veal  

45.   Lamb  

46.   Pork  

47.   Chicken, turkey & game  
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48.   Offal & offal dishes  

49.   Beef & veal dishes  

50.   Lamb, pork & bacon dishes  

51.   Poultry & game dishes  

52.   Burgers  

53.   Sausages  

54.   Meat pies & pastries  

55.   Meat products  

56.   Alcoholic beverages  

57.   Sugars, syrups, preserves & sweeteners  

58.   Chocolate confectionery  

59.   Non-chocolate confectionery  

60.   Savoury snacks  

61.   Soups, sauces & miscellaneous foods  

62.   Nutritional supplements  

63.   Teas  

64.   Coffees  

65.   Other beverages  

66.   Carbonated beverages  

67.   Diet carbonated beverages  

68.   Squashes, cordials & fruit juice drinks  

69. Infant cereals 

70. Infant biscuits/rusks 

71. Infant milks 
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72. Fromage Frais 

73. Infant desserts (excluding pureed fruit) 

74. Infant meals, vegetable 

75. Fruit purees and smoothies 

76. Infant meals, fish 

77. Infant meals, meat 

 


