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Folic Acid (Pteroylmonoglutamate)



Food Folate (Pteroylmonoglutamate
and Pteroylpolyglutamate)

Pteroylmonoglutamate 1-7 Glutamate rests

Pteroylmonoglutamate



Food Food sourcessources forfor foodfood folatefolate ((µµg / 100g)g / 100g)

226226Beef Beef liverliver, , cookedcooked4242OrangesOranges
8888CrispbreadCrispbread ((ryerye)*)*6565StrawberriesStrawberries
1414WholeWhole ryerye breadbread**111111BroccoliBroccoli

9191WheatWheat**145145SpinachSpinach
143143RyeRye**159159Green Green peaspeas
103103LentilsLentils**179179BrusselsBrussels sproutssprouts
128128BeansBeans**212212KaleKale

Total Total folatefolateTotal Total folatefolate

Sources: Elmadfa & Leitzmann, 2004; * Müller, Z. Lebensm Unters Forsch 1993, 197 (6): 573-577.  



Proportion of Proportion of pteroylmonoglutamatepteroylmonoglutamate
in total in total foodfood folatefolate (in %)(in %)

monoglutamatemonoglutamate
in total in total folatefolate

(%)(%)

monoglutamatemonoglutamate in in 
total total folatefolate (%)(%)

6666BreadBread5252BroccoliBroccoli
7777CerealCereal2323SpinachSpinach
7373PulsesPulses3232Green Green peaspeas

6767OrangesOranges4444BrusselsBrussels
sproutssprouts

6363StrawberriesStrawberries4747KaleKale



Absorption of Absorption of folatefolate

FoodFood: : 
different different formsforms of of folatefolate ((pteroylmonopteroylmono--
und und polyglutamatepolyglutamate, different , different 
conjugatesconjugates and and oxidationoxidation statesstates

Digestive tract: 
Polyglutamates are hydrolyzed by the
enzyme polyglutamate hydrolase

Absorption: 
actively for pteroylmonoglutamates



DietaryDietary folatefolate equivalentsequivalents (DFE)(DFE)

DifferencesDifferences in in bioavailabilitybioavailability existexist betweenbetween thethe
folatefolate formsforms occurringoccurring in in foodfood..
WhileWhile pteroylmonoglutamatepteroylmonoglutamate isis consideredconsidered to to bebe
absorbedabsorbed completelycompletely, , polyglutamatespolyglutamates havehave to to bebe
hydrolizedhydrolized. . ThusThus theirtheir bioavailabilitybioavailability isis 50% on 50% on 
averageaverage..
ThisThis ledled to to thethe introductionintroduction of DFE:of DFE:

1 1 µµg DFE = 1 g DFE = 1 µµg g foodfood folatefolate = 0.5 = 0.5 µµg g 
pteroylmonoglutamatepteroylmonoglutamate



RDA-Values for Vitamins (males, 25-51 y)
Vitamin NNR1 DRI2 UK3 SCF4 D-A-CH5

2004 1997- 1991 1992 2000

A [µg] 900 900 700 700 1000
D [µg] 7.5 5 - - 5
E [mg] 10 15 - - 14
C [mg] 75 90 40 45 100
B1 [mg] 1.4 1.2 1.0 1.1 1.2
B2 [mg] 1.7 1.3 1.3 1.5 1.4
Niacin [mg] 19 16 17 18 16
B6 [mg] 1.6 1.3 1.4 1.5 1.5
Folate [µg] 300 400 200 200 400
B12 [µg] 2.0 2.4 1.5 1.4 3.0
1 Nordic Nutrition Recommendations 2004
2 Dietary Reference Intakes (USA, Canada) 1997-
3 Dietary Reference Values (GB) 1991
4 Report of the Scientific Committee for Food of the EU 1992
5 D-A-CH-Referenzwerte für die Nährstoffzufuhr 2000



Folatmangelstadien

Serumfolat ↓ /  Erythrozytenfolat ↓
(< 15 nmol/l)    (< 500 nmol/l)
Blutbildänderung
Hypersegmentierung der Neutrophilen ↑
(Lobes average < 3.2/Zelle,
im Mangel: > 3.6/Zelle)
Homocysteinspiegel (Serum) ↑
> 10  µmol/l bei 
weniger als 400 µg Nahrungsfolat/d
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Tolerable Upper Intake Level for Tolerable Upper Intake Level for FolateFolate

Folic acidFolic acid 1 mg/d1 mg/d

An upper safe level is set for (synthetic) folic acid (PGA) on tAn upper safe level is set for (synthetic) folic acid (PGA) on the he 
basis of findings in PA patients treated with high doses of folibasis of findings in PA patients treated with high doses of folic c 
acid. There is no evidence for risk associated with high intakesacid. There is no evidence for risk associated with high intakes of of 
natural, reduced natural, reduced folatesfolates, and thus no data to set an UL for , and thus no data to set an UL for 
natural natural folatefolate. . 

Although there is no conclusive evidence in humans, the Although there is no conclusive evidence in humans, the 
Committee concludes that the risk of progression of the Committee concludes that the risk of progression of the 
neurological symptoms in vitamin B12neurological symptoms in vitamin B12--deficient patients as a deficient patients as a 
result of folic acid supplementation cannot be excluded and result of folic acid supplementation cannot be excluded and 
should be considered the most serious adverse effect.should be considered the most serious adverse effect.



SCF, 2000
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Nutrition and Health Reports Nutrition and Health Reports ––
selectedselected examplesexamples

2004



*SCF, 1993; **Eurodiet, 2000, ***DACH 2000*SCF, 1993; **Eurodiet, 2000, ***DACH 2000

1.4* / 3***1.4* / 3***3.6 3.6 –– 9.29.24.5 4.5 –– 10.610.6Vitamin B12 Vitamin B12 
µµg/dg/d

400**400**194 194 –– 359359195 195 –– 376376Folate, Folate, µµg FE/dg FE/d

FFMM

Recommended Recommended 
Intake*Intake*

M       FM       F

Adults (18Adults (18--64 years)64 years)NutrientNutrient

Ranges of Mean Nutrient Intake in Ranges of Mean Nutrient Intake in 
European Adults European Adults 



MeanMean folatefolate intakeintake in in adultsadults fromfrom
different European different European countriescountries

meanmean valuesvalues (18 to 65+ y)(18 to 65+ y)
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European Nutrition and Health Report 2004European Nutrition and Health Report 2004

Eurodiet 2000 In some countries



Food Food groupgroup:: contribcontrib. %. %

CerealCereal productsproducts 33       3133       31
VegetableVegetable ((exclexcl. . potatoespotatoes)) 22       1722       17
FruitsFruits and and nutsnuts 19       1219       12
PotatoesPotatoes and and savourysavoury snackssnacks 15       1715       17
Milk and Milk and productsproducts 5          95          9
Meat and Meat and productsproducts 4          34          3
Egg and egg Egg and egg dishesdishes 3          53          5

PercentPercent contributionscontributions mademade byby importantimportant foodfood groupsgroups to to 
folatefolate in in thethe dietdiet of of AustrianAustrian, and UK  , and UK  adultsadults



Daily Daily folatefolate intakeintake in in AustrianAustrian adultsadults
(18 to (18 to ≥≥ 65 65 yearsyears))
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Data are mean ± SD.

Reference value: 400 µg/d (Eurodiet 2000)



FolateFolate intakeintake of of pregnantpregnant AustrianAustrian womenwomen
(<25 to 45 (<25 to 45 yearsyears))
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Data are mean ± SD.

Reference value: 600 µg/d (DACH 2000)



Kindergarten

Elementary school
Preparatory school

Adolescents

Adults
Elderly
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MeanMean folate folate intakeintake of the Austrian of the Austrian 
populationpopulation



Vitamin Vitamin statusstatus of of VienneseViennese senior senior citizenscitizens (n=224)(n=224)

Source: 2nd Viennese Nutrition Report 2004Source: 2nd Viennese Nutrition Report 2004
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FOOD FORTIFICATION

"Adding one or more nutrient(s) 
with the aim to prevent or correct 
nutrient deficiency in the whole 
population or in subpopulation 
groups at risk."

WHO/FAO 1994



How to optimize nutrition?How to optimize nutrition?

Food basedFood based
Chang. eating habitsChang. eating habits
Diversification Diversification 
Fortification Fortification 

SupplementsSupplements

Health and Nutrition Education   Health and Nutrition Education   
Info/Info/Educ./CommEduc./Comm (IEC)(IEC)



Proportion of Proportion of thethe RDA RDA suppliedsupplied byby fortifiedfortified foodsfoods
in % of in % of thethe DD--AA--CH CH referencereference valuesvalues

Austrian Nutrition Report 2003]

37372020Vitamin B12Vitamin B12
19191010FolicFolic acidacid

USER USER onlyonly in % in % 
(n=914)(n=914)

Total Total samplesample in % in % 
(n=1700)(n=1700)
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Countries Countries withwith mandatorymandatory folatefolate fortificationfortification

220 220 µµg/ 100g g/ 100g flourflourMandatory Mandatory sincesince
20002000

ChileChile

150 150 µµg/100g g/100g whitewhite flourflour
200 200 µµg/ 100g g/ 100g pastapasta
VoluntaryVoluntary: 150: 150--220 220 µµg/ g/ 
100g 100g corncorn flourflour

Mandatory Mandatory sincesince
19981998

CanadaCanada

140 140 µµg/100g g/100g graingrainMandatory Mandatory sincesince
19981998

USAUSA

Level and Level and foodfoodLegal Legal statusstatusCountryCountry



Food Food fortificationfortification withwith folatefolate in in 
Europe Europe -- CurrentCurrent situationsituation

Food Food fortificationfortification withwith folatefolate isis notnot mandatorymandatory
in in anyany European European countrycountry..
ManyMany countriescountries practisepractise voluntaryvoluntary fortificationfortification
(UK, (UK, IrelandIreland, , AustriaAustria, Portugal, Spain and , Portugal, Spain and 
SwitzerlandSwitzerland).).
HoweverHowever, , FinlandFinland, , DenmarkDenmark and and SwedenSweden
restrictrestrict thisthis measuremeasure oror do do notnot allowallow it.it.



Food Food fortificationfortification withwith folatefolate in in 
Europe Europe –– Future Future directionsdirections

CurrentlyCurrently, , IrelandIreland isis envisagingenvisaging compulsorycompulsory additionaddition of of 
folatefolate to to commonlycommonly consumedconsumed breadbread typestypes (120 (120 µµg/ g/ 
100g 100g breadbread))
In In thethe UK, UK, thethe ScientificScientific AdvisoryAdvisory CommitteeCommittee on on 
Nutrition (SACN) Nutrition (SACN) –– an independent an independent committeecommittee thatthat
advisesadvises thethe Food Standards Agency and Government Food Standards Agency and Government ––
recommendedrecommended ‘‘mandatorymandatory fortificationfortification’’ of of flourflour withwith
folatefolate. A final . A final consultationconsultation has has beenbeen launchedlaunched in in 
decemberdecember 2006. 2006. MeasuresMeasures areare to to bebe takentaken in 2007.in 2007.
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Thank you for your attention!!Thank you for your attention!!





Absorption and Absorption and transporttransport of of folatefolate

Food: different forms of 
folate (pteroylmono- und 
polyglutamate, different 
conjugates and oxidation
states

Digestive tract: 
Polyglutamates are
hydrolyzed by the enzyme
polyglutamate hydrolase
Absorption: 
actively for monoglutamates

Intestinal mucosa: 
Reduction of oxidized
forms and synthesis of 5-
methyl-THF

Blood: free folate;
protein-bound 5-
methyl-THF

Target cells: Absorption 
of reduced mono-
glutamate; intra-cellular
storage as polyglutamate

Liver: Reduction and 
synthesis of THF 

Excretion: in urine
and bile; subject to 
enterohepatic cycle



FolateFolate and and homocysteinehomocysteine--metabolismmetabolism



WhyWhy differdiffer NutrientNutrient BasedBased GuidelinesGuidelines forfor
oneone oror moremore nutrientsnutrients betweenbetween countriescountries??

Avoiding nutrient deficiency vs. preventing Avoiding nutrient deficiency vs. preventing 
nutritional risk of public health relevance (optimal nutritional risk of public health relevance (optimal 
health)health)

Adjusting for dietary factors (e.g. calcium and Adjusting for dietary factors (e.g. calcium and 
intake of animal protein, sodium, intake of animal protein, sodium, vitvit. D). D)

Adjusting for environmental factors (e.g. iodine Adjusting for environmental factors (e.g. iodine 
and soil content)and soil content)

Bioavailability (e.g. iron Bioavailability (e.g. iron bioabioa. vary from 5 . vary from 5 -- 18 %)18 %)


