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	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 has completed three years and the following results and milestones have been completed during the third year:

· Twelve model foods [spinach, non-alcohol beer, orange juices (2 types), milks, yoghurt, rye & fortified white bread, soured vegetables, Gazpacho, peas and tomatoes] have been prepared and used in processing, in vitro and human studies;

· The effect of baking and sourdough fermentation on folates in rye and wheat breads has been investigated by the University of Helsinki.  Baker’s yeast was able to compensate for folate losses (typically 25%) during baking by its high folate content but also by synthesising natural folates.  Changes in folate content during baking were accompanied by changes in the individual folate vitamer distribution.  Factors affecting folate content of rye breads included differences in the amyloytic and microbial activity of the rye flour, type of Baker’s yeast, fermentation time and baking temperature.  It was concluded that sourdough fermentation affects sensory and microbiological quality of the bread but also the nutritional quality.  The results suggest that by screening and selecting appropriate yeast and lactic acid bacteria, it is possible to enhance natural folate content in rye breads.
· Folate bioaccessibility from UHT and pasteurised milk was investigated using the TNO TIM in vitro model.  Results show that folate is easily released from these matrices and is readily available for absorption (60-70%).  Thus, both these milks would make suitable carriers for fortification.  A small but significant difference was found in the bioaccessibility for folic acid (60%) compared to 5-methyltetrahydrofolci acid in milks.  In addition, it was found that folic acid remains partly bound to folate binding protein during passage through the small intestine, which inhibits folic acid bioaccessibility from milk in this model.  Thus, FBP does not appear beneficial for the enhancement of folate bioavailability.  The TIM results are currently being compared to results obtained from the human study.  Folate bioaccessibility of other model foods are currently being determined.
· The stable isotope studies by IFR and Amsterdam Free University Hospital have given new insights into folate absorption and metabolism in humans.  We have found that following an oral folate test dose, there is a large and unexpected concurrent displacement of tissue 5-methyltetrahydrofolic acid (5-MTHF) into plasma.  This makes comparisons of the relative bioavailability of unlabelled reduced folates (i.e. from test foods) versus unlabelled folic acid reference doses, ambiguous.  
We have also found a large difference in plasma `labelled’ response to a `labelled’ natural reduced folate compared to `labelled’ unreduced folic acid.  This difference would lead to spurious conclusions in bioavailability studies based on comparisons of oral doses of reduced `labelled’ folate (e.g. labelled food folates) versus a `labelled’ folic acid reference dose. We speculate that this phenomenon may be due to a slower rate of mucosal processing of folic acid compared to natural reduced folates.  Contrary to current theory, it is suggested that absorbed physiological doses of folic acid mainly enter the hepatic portal vein unmodified with immediate removal to the liver for biotransformation.  The subsequent plasma 5-MTHF AUC response is entirely a function of enterohepatic recirculation.  
In conclusion, neither comparison of `total’ or `labelled’ plasma AUC responses appear to give a reliable index of relative bioavailability.  Our currently held views on folate absorption, metabolism and tissue distribution need re-evaluation.
· As part of the human study in Amsterdam, a novel liquid chromatography tandem mass spectrometry method (LC/MS/MS) has been developed and validated for the quantification of in vivo folate enrichments.  This is the first technique of this type to be applied to folate bioavailability studies in humans.  Measuring 5-MTHF enrichments in plasma and offers the potential for further research into in vivo folate absorption and kinetics and interactions with one-carbon metabolism.  

	· The rye human study in Helsinki has provided important new data on the bioavailability of folates from natural food sources.  In both groups (rye+orange juice & fortified wheat bread + apple juice) significant increases in both serum (+28% & 31%) and red blood cell folate (+17% & 15%) were observed after the 28-d intervention period.  The effects did not significantly differ between the groups.  Increases in serum and red cell folates were highest among subjects with low starting folate levels.  The starting plasma total homocysteine (tHcy) concentrations for both groups were 8-9 (mol/l and decreases following intervention were only observed in the highest tertile of both groups but not in the group means.  In the rye group the highest tertile of tHcy decreased from 12.0 to 11.4 (mol/l and in the wheat bread group from 10.4 to 9.2 (mol/l, neither of these decreases being significant.  In conclusion, we found endogenous folate in cereals incorporated into healthy diet, even in moderate amounts (ca 180 (g/d folate) is an efficient way to increase folate status among health volunteers.  Folates from different rye products and orange juice showed similar bioavailability compared to folic acid fortified white bread.
· SIX meeting reports, FIVE project Newsletters and TWO FLAIR-FLOW articles have been published, the latter being widely disseminated to industry, consumer bodies and health professionals.
· The project web site (http://www.ifr.bbsrc.ac.uk/folate) has been regularly updated during the year, and is recording an average of 700 monthly hits.
· Researchers from the project took part in an International Folate Symposium on “Folates and the prevention of disease: is there a need for a public health initiative?”, which was held in Hannover, Germany (7-11 September 2002) as part of the 30th Conference of the European Teratology Society and various other food and nutritional meetings and conferences  during the year.
Benefits and Beneficiaries:  

· 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; 

· Verification of the efficacy of folates in moderating specific risk factors for chronic disease; 

· Quantification of bioavailability of natural folates versus synthetic folic acid added to foods;

· 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.


	Future Actions (if applicable):  The project will continue to the planned research activities stated in the modified Technical Annex under the NAS extension (QLRT-2001-2740).  The end-date of the project has been extended to 31/3/04 in order to complete the additional work by Warsaw Agricultural University and Food Research Institute Prague.  

· Researchers from the project will present results and findings at various meetings during 2003 including the 4th International Conference on Homocysteine Metabolism (Basel, May 2003) and the 9th European Nutrition Conference (Rome, 1-4 October 2003).

· The final project meeting will take place in Warsaw on 10 February 2004, which will precede the planned International Conference on “Folates, Analysis, Bioavailability and Health” (EUROFOODFOLATE), 11-14 February 2004.  This is being supported by EC QoL Food Nutrition and Health (Key Action 1; QLAM-2001-00475).  Further information and the call for papers are available on the project web site site (http://www.ifr.bbsrc.ac.uk/folate), or directly from Dawn Wright at IFR (dawn.wright@bbsrc.ac.uk).
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