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S UM M A RY  
The project assessed habitual vitamin K1 and K2 intakes in several subgroups of the Irish 
population. This showed that inadequacy of vitamin K1 intake is common (at >50%) in teens, 
adults and older adults. Furthermore, this high degree of inadequacy of vitamin K intake was only 
modestly reduced when the contribution of menaquinone-4 (MK-4; the key vitamin K2 
compound) intake was accounted. These findings underlined the need for food-based strategies 
for increased vitamin K intake. Development of same is highly dependent on the analytical 
capability to determine a number of key vitamers of vitamin K, which collectively contribute to 
the total vitamin K content of food. The project has facilitated the establishment of a new 
validated liquid chromatography mass spectrometry-based method for measuring such vitamers in 
specific foods. This has been key in providing the much-needed evidence that vitamin K-
biofortified eggs can be produced with greatly improved total vitamin K content – one of the 
central aims of the project. The vitamin K-biofortified eggs were achieved via inclusion of 
additional vitamin K3 in the feedstuffs of the hens, as part of the successfully completed 12-week 
feeding trial within the project. This vitamin K biofortification approach has also provided 
evidence of potential benefits in terms of eggshell weight and thickness (important in context of 
breakage in market channels) and egg yolk yellowness as well as a lack of any detrimental effects 
on hen performance parameters. Sensory panel trials have demonstrated the high consumer 
acceptability of the vitamin K-biofortified eggs. A successfully completed 17-week vitamin K3-
feeding trial in farmed salmon showed that while the biofortified salmon fillets had increased MK-
4 content, quantitatively the amount present was unlikely to have major benefits in terms of 
nutritional supply of vitamin K. These new data from the project have been disseminated at 
relevant conferences. 
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Rationale for undertaking the Research 

Vitamin K has important physiological functions which relate to blood coagulation (its classical role), bone metabolism, inhibition of arterial calcification, and 

antiflammatory effects. This relates to vitamin K’s molecular function in terms of serving as a cofactor for the enzyme gamma-glutamate carboxylase, which 

catalyses the conversion of glutamate into Gla in over a dozen key proteins, facilitating their full activity. Using data from the National Adult Nutrition Survey, 

we have shown that ~50% of the adult Irish population had vitamin K1 intakes below the 1 µg/kg body weight required for coagulation. Furthermore, the data 

shows that about 70% and 80% of Irish men and women, respectively do not met the current US Adequate Intakes for vitamin K (120 and 90 µg/d, 

respectively). These low habitual dietary intakes of vitamin K suggests that increased vitamin K intake is important in improving public health. However, while 

clearly strategies are needed to improve vitamin K intakes, there are some important hurdles which point towards the need for more creative food-based 

solutions. Vegetables/vegetable dishes are key food contributors to vitamin K intake. Promoting greater vegetable consumption in the population, across all 

age groups, has been a mainstay of dietary guidelines over several decades, but adherence and uptake of this advice has been challenging. Biofortification of 

foods with vitamin K is an important potential complementary food-based approach to addressing low vitamin K intakes in the overall population, young and 

old. However, this approach needs to be evidence-based, which was the core focus of this project. 

Methodology 

The research approach employed in this multi-disciplinary, trans-Institutional project included use of hen and farmed salmon dietary feeding trials, food 

vitamin K analytics, sensory evaluation studies, and nutritional surveillance on Irish population vitamin K intakes. A core aim of the BioKFoods project was the 

provision of proof that the total vitamin K content of Irish eggs and farmed salmon, as two exemplar foods, could be improved above their normal levels (i.e., 

bio-fortified). This was tested in novel feeding studies in hens and farmed salmon (conducted by AFBINI and BMRS, respectively, as subcontracts). In the 12-

week hen trial, laying hens were fed either a control diet (with vitamin K3 at the commercial level of addition, i.e., 3 mg/kg diet) or experimental diets in which 

the vitamin K3 content was increased to 12.9, 23.7 and 45.7 mg/kg diet (there is no EU maximum content limit). In the 17-week farmed salmon trial, fish were 

fed either a control diet (with vitamin K3 at the commercial level of addition, i.e., 10 mg/kg diet) or an experimental diet in which the vitamin K3 was increased 

to 50 and 100 mg/kg diet. The eggs and salmon fillets obtained at the end of these feeding trials were tested for vitamin K1 and several K2 compounds, 

including MK-4, to show that the total vitamin K content were increased. This was done using state-of-the-art liquid chromatography tandem mass 

spectrometry methodology specifically established for this project’s work. The effects of extra vitamin K3 on hen/salmon growth and performance as well as 

quality aspects of the eggs/fillets were also assessed. It was also important to check that this increased vitamin K did not cause alterations in the sensory 

acceptance of the eggs and salmon by the consumer and thus a series of sensory/consumer studies were conducted in University College Cork (UCC). 

Project Results 

The project successfully completed the estimation of vitamin K1 and K2 intakes by several Irish population subgroups, hen and salmon feeding trials, vitamin K 

food analytics of biofortified eggs and salmon, and all the sensory/consumer studies.  

 

The following is a concise summary of the main results achieved in these various elements:  

• Analysis of four national nutrition surveys showed that the mean intakes of vitamin K1 by Irish children was in the range of ~30-40 μg/d, depending 

on age, and these intakes were above the European Adequate Intake recommendation of 1 μg/kg/d. In contrast, teenager and older adults had 

mean vitamin K1 intakes of 55 and 88 μg/d, respectively, and these intakes were reflective of a high degree (at >50%) of inadequacy of vitamin K1 

intake by the Irish teenage and adult population.   

 



 

 

• Analysis of the surveys also allowed for estimates of vitamin K2 intake for the first time for Irish population subgroups. This showed that mean 

intakes of menaquinone-4 (MK-4) ranged from 8–12 μg/d and 10–14 μg/d in children (1–17 y) and adults (18–90 y), respectively. Accounting for the 

contribution of MK-4 intake to the mean daily intake of vitamin K only had a modest impact in terms of lowering the high degree of inadequacy of 

vitamin K intake in Irish teenagers and adults.  

• The 12-week hen feeding trial showed that inclusion of vitamin K3 (menadione) at levels of 12.9 to 45.7 mg/kg feed achieved biofortified eggs with 

mean total vitamin K content in the range of 28-30 μg/egg, compared to 14 μg/egg for non-biofortified eggs. In addition, these vitamin K-biofortified 

eggs were shown to have an increased yellowness of their yolk (by 27-45%) as well as greater eggshell weight (by 10-27%) and thickness (by 14-29%). 

These were all achieved without significant adverse effects of increased feed vitamin K3 content on hen performance.   

• A sensory evaluation study of boiled and fried eggs from mid-point of the study (using 20 sensory panellists) and a consumer test study on eggs at 

the end of the study collectively showed the consumer acceptability of vitamin K-biofortified eggs was equivalent to non-biofortified eggs.   

• The 17-week farmed salmon feeding trial showed that fillets from fish fed diets containing increased levels of vitamin K3 (50 and 100mg/kg diet) had 

double the MK-4 content compared to that in fish provided the control feed (10 mg vitamin K3/kg diet). However, quantitatively the amount present 

in the biofortified salmon fillet was unlikely to have major benefits in terms of nutritional supply of vitamin K. There were no adverse effects of 

increasing the vitamin K3 content of the diet on fish growth and performance.  

• A consumer test study of the salmon fillets showed the consumer acceptability of vitamin K-biofortified salmon fillets was equivalent to non-

biofortified salmon fillets.   

  

These new data highlight that the use of biofortified eggs, but not farmed salmon, can have an important impact in terms of tackling low vitamin K intakes and 

high prevalence of low vitamin K status in the population. 

 

Summary of Project Findings 

• The project has added to the research base in terms of it leading to the development of more highly skilled researchers in both UCC and Teagasc in 

the area of biofortification of Irish eggs and farmed salmon. Thus, there has been a further increase in the critical mass of expertise in the area of 

biofortification of Irish foods.  

• The project has also added to the research base in terms of the analytical capabilities required to verify the vitamin K content of Irish eggs and fish as 

well as in the sensory assessment capabilities required to verify the consumer acceptability of such biofortified produce. • The project’s data in 

relation to the effect of increased level of inclusion of vitamin K3 into hen and fish feedstuffs on resulting increased content in eggs, but not farmed 

fish, will be relevant to animal nutrition feed producers, egg producers, aquaculturists, European 

• Commission’s Panel on Additives and Products or Substances used in Animal Feed (FEEDAP), the Food Safety Authority of Ireland, Safe food as well 

as other agencies (nationally and internationally) briefed with development of healthy eating guidelines as well as the academic community.  

• The consumer could ultimately benefit from the findings of this project should the egg producers require of their animal feed suppliers to include 

vitamin K3 at levels used and shown to be effective in this project. This will ensure the richest supply of total vitamin K in the produce, and thus 

improving consumer vitamin K intakes.   

• The international scientific community will have benefited from the research undertaken in this project and in particular with the publication of its 

findings in high calibre peer reviewed journals, such as the Proceedings of the Nutrition Society and Foods, thus far as well as their presentation at 

key international conferences/symposia. 

Summary of Staff Outputs 

Research Output Male Female Total Number 

MSc Students 0 1 1 

Post Doctorates 1 2 3 

Research Technicians/Assistants 0 1 1 

PhD Students 0 1 1 

 

Summary of Academic Outputs 

Research Outputs Total Number Details 

Publications in Peer Reviewed 

Scientific Journals 

1 Peer-reviewed paper in Foods journal describing the biofortification of chicken eggs with vitamin K 

- nutritional and quality improvements. 

Peer Reviewed Conference Papers 5 Five peer-reviewed short communications in the Proceedings of the Nutrition Society following 

their presentation at Nutrition Society conferences over the lifetime of the project. 

 



 

 

Publications in Peer Reviewed 

Scientific Journals 

6 There are a number of papers in preparation by the research team for submission for peer review:  

1. Intakes, sources and adequacy of vitamin K1 (phylloquinone) in Irish children aged 1-17 

years   

2. Intakes and sources of vitamin K2 (menaquinones) in the Irish population aged 1-90 

years   

3. Changes in the intakes and sources of vitamin K1 (phylloquinone) and vitamin K2 

(menaquinones) in Irish children over a 14-year period   

4. The effect of vitamin K-biofortification on vitamin K content of salmon: data from a 17-

week salmon feeding trial  

5. Sensory and physico-chemical properties of Vitamin K bio-fortified eggs.  

6. Development and validation of a method for the analysis of vitamin K1, MK-4, MK-7 and 

MK-9 in eggs using LC-MS/MS. 

 

Intellectual Property 

IP searches (US patent office, WIPO Patent Scope Database during week commencing Summer 2020) and a Prior ART investigation has not identified patented 

material for vitamin K-biofortified eggs. Freedom to operate No IP conflict identified. Accordingly, the coordinator is currently submitting an Invention 

Disclosure Form (IDF) for vitamin K-biofortified eggs to UCC’s TTO. 

Summary of other Project Outputs 

Project Outputs  Details Total No. 

New Industry Collaborations 

Developed 

The project has fostered the development of new collaborative links with Devenish Nutrition Ltd 

in terms of biofortified foods. The project has also fostered an ongoing and extended collaboration 

between UCC and Teagasc in terms of Food for Health as well as Smart and Sustainable Food 

Production and Processing research areas, which is in line with the research strategy of both 

institutions as well as national Research Priority Areas (2018 to 2023). 

1 

New Processes While the project was very much an applied type one within the research continuum, it was still 

pre-commercial and thus did not aim to produce new products per se. The project produced key 

new data in terms of development of vitamin K-biofortified eggs, and in particular provided the 

analytical data to show the foods were indeed enriched in vitamin K, with an absence of any 

adverse effect on hen performance or on egg quality or consumer acceptability findings. These 

findings provide a major underpinning evidence-base for the poultry industry stakeholders to 

adopt within their current practises and processes so as to generate vitamin K-biofortified eggs. 

1 

 

 

Potential Impact related to Policy, Practice and Other Impacts 

 

Impact Details 

Socio-Economic The project generated outcomes with economic potential in terms of facilitating foods enriched in vitamin K which 

could help tackle the prevalence of vitamin K deficiency in Ireland, with associated cost savings to the health care costs. 

Use of a foods-first approach is likely to be much more cost-effective than supplementation and will reach those in the 

population of all ages, important in terms of potential vitamin K-related outcomes beyond just coagulation. While this 

is of clear importance to society from a public health perspective, it also provides key data for the Irish egg sector to 

underpin its product development and marketing. Thus, the project can support and boost the competitiveness of these 

segments of the Irish egg industry. 

Socio-Economic The findings of this project are of relevance in terms of improving health and quality of life of citizens and potential 

cost-saving to the Irish health-care budget as well as that of others internationally, by improving vitamin K nutrition. 

The cost of non-communicable diet-related disease is subject to various colossal estimates, in the realm of trillions, but 

a consistent finding is that budget allocations to disease prevention are much lower than to treatment of chronic 

disorders, typically by pharmaceutical or surgical interventions, that are lifestyle or dietary in origin. 

Environmental Sustainability The findings of this project are of relevance in terms of reduction in food losses at the consumer, retail and reduction 

level, as per UN 2030 Sustainable Development Goals and EAT Lancet Commission. 

Industry The project has fostered the development of new collaborative agri-food industry-RPO links. The wide-ranging benefits 

of such public-private partnerships in Science, Technology and Innovation have been well versed by the OECD. 

 

 

  



 

 

Dissemination Activities 

Activity Details 

Seminars at which results were 

presented 
The project research team effectively highlighted the projects’ activities in the following presentations at national and 

International meetings/conferences during the lifetime of the BioKFoods project:   

• Dr. Aoife Hayes (Postdoctoral Scientist, UCC) oral presentation on a food first approach towards tackling 

inadequacy of vitamin K intake in the population: insights gained from vitamin D biofortification of foods at 

the 2nd International Nutrition Student Research Championships (one of five finalists) at the Royal Society of 

Medicine 4 December 2017, London, UK.  

• Prof. Kevin Cashman (PI, UCC) keynote presentation on vitamins D and K: micronutrient deficiencies of public 

health significance or hype at the 3rd Hidden Hunger Congress 20-22 March 2017 in Stuttgart, Germany.  

• Ms. Ciara Kingston (PhD student, UCC) on intakes and sources of Vitamin K1 in Irish pre-school children aged 

1–4 years at the Nutrition Society (Irish Section) Meeting 21-23 June 2017 at Queens University Belfast, 

Northern Ireland.   

• Ms. Ciara Kingston (PhD student, UCC) on Intakes and sources of vitamin K1 in Irish teenagers aged 13– 17 

years at the Nutrition Society (Irish Section) Meeting 20-22 June 2018 at University of Ulster Coleraine, 

Northern Ireland.  

• Dr. Siobhan O’Sullivan (Postdoctoral Scientist, UCC) on effect of vitamin K-biofortification on egg quality 

parameters: data from a 12-week hen feeding trial at the 47th Annual Food Science and Technology 

Conference 6-7 December 2018 at University College Cork, Ireland.  

• Ms. Aine Singleton (MSc student, UCC) on Sensory and nutritional aspects of vitamin K biofortified eggs at the 

47th Annual Food Science and Technology Conference 6-7 December 2018 at University College Cork, Ireland.  

• Dr. George Hull (Postdoctoral Scientist, Teagasc) poster presentation on vitamin K bio-fortification of eggs. 

Food Safety Authority of Ireland’s Science conference 2019. August 21 - 22, Dublin, Ireland.   

• Ms. Ciara Kingston (PhD student, UCC) poster presentation on intakes and sources of menaquinones (vitamin 

K2) in the Irish population aged 1-90 years. FENS 2019 - 13th European Nutrition Conference, 15 - 18 October 

2019 in the Convention Centre Dublin, Ireland.  

• Dr. Siobhan O’Sullivan (Postdoctoral Scientist, UCC) oral presentation on effect of vitamin K biofortification 

on egg quality parameters: data from a 12-week hen feeding trial. FENS 2019 - 13th European Nutrition 

Conference, 15 - 18 October 2019 in the Convention Centre Dublin, Ireland.  

• Dr. Martin Danaher (PI, Teagasc) poster presentation on vitamin K bio-fortification of eggs. 9th International 

Symposium on Recent Advances in Food Analysis (RAFA) 2019. November 5 - 8, Prague, Czech Republic.   

• Ms. Ciara Kingston (PhD student, UCC) on updating of the Irish Food Composition Database for vitamin K1 

and vitamin K2 at the Nutrition Society Winter Meeting 2 - 4 December 2019 at the Royal Society of 

Medicine, London, UK. 

 

 
 

Knowledge Transfer Activities 

 

Identify knowledge outputs 

generated during this project. 

 

We have identified within the knowledge output pathway the need to generate data on bioavailability of vitamin K from 

these biofortified eggs. Such data will be important to fill the ‘sufficient data requirement’ element of any potential 

patent application following on from the IDF. 

Identify any knowledge transfer 

activities executed within the 

project. 

 

The knowledge generated in this BioKFoods project has been transferred via the many presentations at national and 

International meetings/conferences (as outlined above). This has raised awareness of the potential of food 

biofortification as a means of tackling micronutrient malnutrition within the population.  The knowledge has also been 

transferred via peer-reviewed scientific papers, more of which will emerge in the coming period. 

 List any impacts resulting from the 

knowledge transferred during the 

project. 

The knowledge transfer during the project has led to discussions on potential future collaborations - both from industry 

perspective and also with academia. These may translate into new research project submissions and/or industry-facing 

research. 



 

 

 

Leveraging Metrics 

Type of Funding Resource Funding € Summary 

EU R&I programmes €269,460.00 Dr. George Hull was funded through Horizon2020 (MSCA Cofund) on a three-year project entitled 'The 

determination of fat soluble and water-soluble vitamins in milk and milk products'. The project is a 

collaboration between Teagasc, UCC and the University of Sapienza, Rome, Italy. 

 

Future Strategies 

This project has provided proof-of-principle scientific data to underpin cost-effective inclusion of vitamin K3 at levels higher than that presently used for hen 

feeds by the animal feeds sector, which will lead to foods with enhanced vitamin K content. There is also a need for future strategies to build on these findings 

in a number of ways:   

  

• Continued and further dissemination of the findings to the relevant stakeholders may be needed to ensure the decision makers are aware of the 

potential.   

• Follow-on research is needed to in relation to the bioavailability of MK-4 from the bio-fortified eggs, which may enable ‘nutritional claims’ on these eggs 

containing 41-51 µg vitamin K/100 g, with the threshold of 11.25 and 22.5 µg/100 g for a ‘source of’ and ‘high’ claim, respectively.  

• Additional research on vitamin K biofortification of other foodstuffs is still required as the foods-first approach to tackling vitamin K inadequacy relies on 

increasing the vitamin K1 and K2 content of a number of foods to cater for diversity of food choice and consumption within the population.  

• Teagasc will extend the methodology developed in this project to the analysis of multi-fat-soluble vitamins in dairy products through a newly funded EU 

project. 
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