Project Progress Summary

	PROJECT IDENTIFICATION


	NOT CONFIDENTIAL

	Title:





	Folate: from food to functionality and optimal health



	Acronym:
	FolateFuncHealth



	Type of  Contract:
	Share-cost



	Contract No:

	QLRT-1999-00576 & QLRT-2001-2740


	Total Project Cost:

	3,043,662 euro



	EU Contribution:

	2,295,396 euros



	Duration:

	50 months



	Commencement Data:
	1/2/00



	Period covered by report:
	1 February 2003 – 30 April 2004


	Project Coordinator & Partner (P1):

Name:

Title:

Address:

Telephone:

Telefax:

E-mail address:
	Paul M. Finglas

Mr

Nutrition Health & Consumer Science Division, Institute of Food Research, Norwich Research Park, Colney, Norwich, NR4 7UA, UK.

+44.1603.255318

+44.1603.507723

paul.finglas@bbsrc.ac.uk


	Key Words:
	Folate, food, bioavailability, functionality, health



	Project’s www address:
	http//:www.ifr.bbsrc.ac.uk/folate



	Cont/….

List of Participants:

P2, Assistant Contractor (associated to P1), Department of Clinical Chemistry

Academic Free University Hospital, Postbus 7057, De Boelaan 1117, 1007 MB Amsterdam, The Netherlands.  Contact:  Dr Kees de Meer (novosilski@hotmail.com) 

P3, Assistant Contractor (associated to P1), Brewing Research International (BRi), Lyttel Hall, Nutfield, Surrey, RH1 4HY, UK  Contact:  Dr Caroline Walker (c.walker@brewingresearch.co.uk)

P4, Assistant Contractor (associated to P1), Isituto Nazionale della Nutrizone (INN), via Ardeatina 546, 00178 Rome, Italy.  Contact:  Dr Emilia Carnovale (carnovale@inn.ingrm.it)

P5, Contractor, Department of Food Science, Swedish University of Agricultural Sciences, PO Box 7051, SE-750 07 Uppsala, Sweden.  Contact:  Prof Margaretha Jagerstad (margaretha.jagerstad@lmv.slu.se)

P6, Assistant Contractor (associated to P5), Department of Applied Chemistry and & Microbiology, Viikki Food Science, Latokartanonkaari 11, PO Box 27, 00014 University of Helsinki, Finland.  Contact:  Prof Vieno Piironen (vieno.piironen@helsinki.fi)

P7, Assistant Contractor (associated to P1), Institute of Biochemistry, Nutrition & Food Sciences, Faculty of Agriculture, The Hebrew University of Jerusalem, Rehovot, Israel.  Contact:  Dr Ram Reifen (reifen@agri.huji.ac.il)

P8, Contractor, TNO Nutrition and Food Research Institute, PO Box 360

3700 AJ Zeist, The Netherlands, Contact:  Dr Trinette van Vliet 

(T.vanVliet@voeding.tno.nl)

P9, Assistant Contractor (associated to P8), Food Science & Human Nutrition

University of Murcia, Campus de Espinardo, 30071 Murcia, Spain.  Contact:  Prof Gaspar Ros (gros@fcu.um.es)


	P10, Assistant Contractor (associated to P8), Department of Pathophysiology of Human Nutrition, Institute of Nutritional Science, University of Bonn, Endenicher allee 11-13, 53115 Bonn, Germany.  Contact:  Prof Klaus Pietrzik (k.pietrzik@uni-bonn.de)

P11, Assistant Contractor (associated to P5), Department of Nutritional Research

Umea University, SE-901 87 Umea, Sweden.  Contact:  Prof Göran Hallmans (goran.hallmans@nutrires.umu.es)

P12, Assistant Contractor (associated to P1), Department of Food Toxicology

VMH – University of  Hannover, Bunteweg 17, 30559 Hannover, Germany.  Contact:  Prof Heinz Nau (Heinz.Nau@tiho-hannover.de)

P13, Assistant Contractor (associated to P1), Kellogg Management Services Europe Ltd, Scientific Affairs, Talbot Road, Manchester, M16 0PU, UK.  Contact:  Mr Reg Fletcher (reg.fletcher@kellogg.com).

P14, Assistant Contractor (associated to P8) Department of Human Nutrition & Epidemiology, Wageningen University, Wageningen, The Netherlands, Contact:  

Prof Clive West (Clive.West@wur.nl)

P15, Assistant Contractor (associated to P1) 
Department of Human Nutrition, Warsaw Agricultural Univerasity, Warsaw, Poland, Contact:  Prof Anna Brzozowska (brzozowska@alpha.sggw.waw.pl).

P16, Assistant Contractor (associated to P5), Department of Nutritive Substances, Food Research Institute Prague, Czech Republic, Contact: Dr Marie Holasova (m.holasova@vupp.cz).




	Section 2: Project Progress Report                                   NOT CONFIDENTIAL
Objectives:
To bring together commercial and consumer interests via parallel and interconnecting workpackages which seek to provide folate-rich and enriched foods with specified and scientifically verified consumer benefits for optimal bioavailability, function and health.  Independent nutritional scientists, biochemists, clinicians, and food technologists will work together with companies interested in developing folate-rich foods and folate-enriched products to achieve this objective.  

Results and Milestones:

The project is on schedule to fully meet its primary objectives and expected achievements.  Some of the major findings and conclusions for each of the key achievements are as follows:

Key Achievement 1: Development of foods (including improved use of raw materials and optimised food processing techniques) which will enable the diet rich in folates within the range indicated to be protective for human health.

Progress: Recommendations for increasing the folate content of natural food folates have been made for a range of foods.  Some of these suggestions have already been incorporated into industrial processes (e.g. Gazpacho, peas & beer).  Examples include:

· Yeast fermentation, malting, germination and Lactobacillus bacteria (LAB) can be combined and further optimised to potentially enhance the folate content in bread, vegetables, dairy products and beer by 2-3 fold.

· Mild pasteurisation and high pressure treatments are much better than traditional high temperature sterilization processes in soups, fruit juices and beverages and may reduce losses by as much as 50%.

· Improved selection of raw materials and other ingredients (e.g. herbs) may increase folate content by 2-fold in rye bread, fermented dairy foods, Gazpacho and soups.

· Typical losses for folic acid fortification in bread making were 15-20% but were much higher (>50%) when 6S-5MTHF was used and the use of the latter folate may be prohibitively expensive for widespread fortification in some cereals.
Key Achievement 2: Quantification of bioavailability of natural folates versus synthetic folic acid added to foods using both validated  in in vitro and in vivo models (ileostomy & stable isotope).

Progress:  Both in in vitro and in vivo models have been used to estimate folate bioaccessibility and bioavailability.  The in in vitro results have shown:

· A similar folate bioaccessibility (typically 77-88%) from the dynamic gastro-intestinal model (TIM system) for a range of liquid and solid foods compared to the bioavailability data generated by the in vivo models. This is not only for the percentage of folate absorption but the absorption kinetics, and the stability and effect of folate binding protein (FBP) on absorption of the different folate forms.  

· The sensitivity of the TIM model tends to be higher than that obtained with the human studies. 



	· The static in in vitro model does not accurately predict the in vivo bioavailability from foods but the overall ranking of folate bioaccessibility from foods was quite close to the TIM data.  

The main findings of the ileostomy studies show that:

· Folate binding protein (FBP) reduces folate absorption from dairy foods (supported by the TIM in in vitro data).

· Higher folate absorption was found from fermented compared to pasteurised milks with significantly higher ileal folate excretion from the former.

· Similar absorption for folic acid and 6S-5-methyltetrahydrofolic acid (6S-5MTHF) but slower time to maximum absorption (tmax) for folic acid – interpreted as slower absorption (confirmed by stable isotope model).

· Folate absorption from yeast polyglutamates was higher than absorption from milk fortified with 6S-5MTHF and bread with folic acid – the potential use of specific yeast strains needs further investigation as an alternative to fortification strategies.

We found from the in vivo stable isotope models:

· The apparent differences in the absorption of spinach folate compared to folic acid and this may be due to a greater liver first-pass effect for folic acid compared to reduced folates.  This can only be true if a significant amount of intestinally(mucosally) absorbed folic acid enters the hepatic portal vein to the liver in an unmetabolised state.

· There is no evidence from our results that the MTHFR (677C→T) genetic polymorphism has any affect on folate absorption.

· The absorption of [6S]-5MTHF is found to be at least equivalent, if not better, than that for folic acid in humans.

· A major finding is that even during middle-age, folate absorption appears to be diminished compared to younger adults.  This underpins the potential use of 6S-5MTHF as an alternative to folic acid in the elderly population.

· The mechanism through which natural and synthetic folate supplements elicit age –dependent changes in in vivo handling of folic acid and 5-MTHF is unknown and needs further investigation.

· Overall, the currently held views on the absorption, metabolism and subsequent tissue distribution need careful re-evaluation; as does the methodology for estimating relative absorption of single folate test doses.  The use of kinetic modelling and stable isotope models offer an innovative approach to study in vivo folate absorption and metabolism.

Key Achievement 3:  Verification of the efficacy of folates in moderating specific risk factors for 

chronic disease. 

Progress:  In a 4-week double blind randomized placebo controlled intervention study in Wageningen, healthy volunteers consumed pasteurised or UHT milks containing folic acid to provide an extra 200(g/d.  The results showed that:



	· Consumption of folic acid fortified pasteurised and UHT-milks significantly increased both serum and erythrocyte folate concentrations compared to the unfortified milk groups;

· Similarly, plasma homocysteine concentrations were significantly lowered by 11%;

· There were no difference in response to folic acid between the pasteurised or UHT milks, and no effect of endogenous FBP was found on the bioavailability of folic acid from milk;

· Milk is a suitable matrix for fortification to enhance folate status in humans.

In a 4-week intervention in Warsaw (part of the NAS-extension), healthy older adults (mean age 56y) consumed 400(g/d folate in the form of capsular folic acid and 6S-5MTHF, and folic acid enriched wheat bread/apple juice.  The results showed that:

· In all groups a significant decrease (7-13%) in mean serum homocysteine concentrations was found after intervention compared to baseline concentrations;

· This homocysteine lowering effect was more pronounced among volunteers with higher starting homocysteine concentrations (>10 (mol/l).

· The consumption of an additional 400(g/d folic acid or 6S-5MTHF as supplements, or folic acid-fortified foods, are an effective way to increase folate status and lower homocysteine in older adults especially those with initial homocysteine concentrations >10(mol/l.

The results from the various human studies have been combined and further evaluated using meta-analysis.  The following conclusions have been found:

· An extra 200 (g of folate from the diet fed to healthy volunteers for 4 weeks or more significantly increases folate status, but the decrease of plasma Hcy is mainly confined to the highest initial plasma Hcy quartile (although significant reductions in serum tHcy were found with the Wageningen study at a dose of 200(g/d folic acid in UHT or pasteurised milks for 4 weeks, but not in the Heslinki or Norwich studies).  
· Although the “extra folate in food” strategy may modify CVD risk in a quarter of the population, the same-dose effect size appears to be ~50% of oral folic acid supplements, probably resulting from diminished bioaccessibility and/or bioavailability. 
· If extra folate through foods (either dietary advice or folic acid enriched) is used to target the population at risk, amounts may have to be doubled (400-800 (g/d) to increase net absorption and for Hcy-lowering efficacy. 
· The dietary strategy approach alone is unlikely to meet these recommendations and a combination of targeted supplementation (using folic acid and/or 6S-5MTHF) and fortification strategies are required for population groups.

Although, we have found that the absorption of [6S]-5MTHF to be at least equivalent, or not better, than that for folic acid in humans, it’s use needs to be restricted until further research has been conducted:

· In the absence of epidemiological data supporting the equivalence of [6S]5-MTHF and folic acid in the prevention of NTD, we cannot advocate its use as an alternative for folic acid to women of child-bearing age. 
· There is no evidence from our results that the MTHFR (677C→T) genetic polymorphism has any affect on folate absorption.

· The absorption of [6S]-5MTHF is found to be at least equivalent, if not better, than that for folic acid in humans.

· A major finding is that even during middle-age, folate absorption appears to be diminished compared to younger adults.  This underpins the potential use of 6S-5MTHF as an alternative to folic acid in the elderly population.

· The mechanism through which natural and synthetic folate supplements elicit age –dependent changes in vivo handling of folic acid and 5-MTHF is unknown and needs further investigation.

· Overall, the currently held views on the absorption, metabolism and subsequent tissue distribution need careful re-evaluation; as does the methodology for estimating relative absorption of single folate test doses.  The use of kinetic modelling and stable isotope models offer an innovative approach to study in vivo folate absorption and metabolism.



	· A major finding of our study is that even during middle-age folate absorption appears to be diminished.

· The hypothesis that in the presence of cobalamin deficiency, supplemented [6S]5-MTHF is unable to stimulate erythropoiesis, and thus less likely to mask the anemia of vitamin B-12 deficiency, has not as yet been shown.  

· The crucial assumption that supplemented [6S]5-MTHF does not increase erythropoiesis needs to be tested before a health benefit for [6S]5-methylTHF can be claimed.

Key Achievement 4: Pre-competitive information for the development of effective, sustainable, ethically acceptable dietary strategies for folate-rich foods and folate-enriched products, to support competitive-edge within the European food industry, and meet consumer expectations of health benefits.

Progress:  Several examples of pre-competitive information have been made identified and made available to the industrial partners and collaborators in the project.  As part of this objective, the communication of project results have included:
· Seven project meetings and six issues of the FolateFuncHealth newsletter;

· A specific meeting with the project’s industrial partners and close collaborators in order to review findings and identify other potential exploitation activities;

· A total of 283 publications;

· The project website received a record 10000 visits during the 4th year; the most popular downloads were Issues 2 and 3 of the Newsletter (3,361 & 2,318 times, respectively) 

· The successful organisation of the First International Conference on “Folates, Analysis, Bioavailability and Health” (EuroFoodFolate), which was held in Warsaw in February 2004 (supported by EC QoL Food Nutrition and Health, Key Action 1; QLAM-2001-00475).  This was attended by over 160 delegates from 19 countries.  Various publications from the conference are under preparation including the full proceedings, which will be published in a Special Issue of Trends in Food Science and Technology, and several articles for consumers, health professionals and food industry. 



	Future Actions:  The final report and TIP are currently under preparation.  Further dissemination and exploitation of results will continue and details will be made available through the project website at http://ifr.ac.uk/folate; this website will continue after the project finishes.
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