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ABSTRACT

Background: The bioavailability of dietary folate has been esti-
mated to be ~50% of that of synthetic folic acid. Folate in the diet is
linked to apolyglutamate chain that may restrict folate absorption.
Objective: Our goal was to quantify the bioavailability and bioef-
ficacy of low doses of polyglutamyl folic acid relative to that of
monoglutamyl folic acid.

Design: Intotal, 180 men and women aged 50—75 y ingested cap-
sules containing 323 nmol heptaglutamyl folic acid/d or 262 nmol
monoglutamy! folic acid/d or placebo in arandomized parallel trial.
Serum and erythrocyte folate and plasma homocysteine concentra-
tions were measured after an overnight fast at baseline and after 12
wk of intervention.

Results: Mean serum and erythrocyte folate concentrations in-
creased lessin the polyglutamyl folic acid group [6.1 (95% CI: 5.3,
7.0) and 155 (122, 188) nmol/L, respectively] than in the monoglu-
tamyl folic acid group [11.8 (10.3, 13.3) and 282 (246, 318) nmol/L,
respectively]. Differences remained statistically significant (P <
0.05) after correction for the difference in the amount of folic acid
administered. The decrease in plasma homocysteine concentrations
did not differ significantly between treatment groups[polyglutamy!:
—12.1% (—14.8%, —9.3%); monoglutamyl: —14.1% (—16.3%,
—11.9%)]. The relative bioavailability of polyglutamyl folic acid
was 64% (52%, 75%) on the basis of serum folate and was 68%
(51%, 84%) onthe basis of erythrocytefolate concentrations. Bioef-
ficacy, determined by changes in plasma homocysteine concentra-
tions, was 106% (77%, 134%).

Conclusion: The polyglutamate chain of folatesin the diet reduces
their bioavailability. Am J Clin Nutr 2004;79:424-9.

KEY WORDS Polyglutamy! folic acid, monoglutamy! folic
acid, folic acid, bioavailability, bioefficacy, serum folate, erythro-
cyte folate, plasma homocysteine

INTRODUCTION

Folate isan essential B vitamin in the human diet. Low folate
intake causes mild hyperhomocysteinemia, which is a potential
risk factor for cardiovascular disease (1, 2). Supplementation
with folic acid leads to a significant reduction in plasma homo-
cysteine concentrations in healthy subjects, even at low doses
(3-5). Anincreased intake of dietary folate from vegetables and
fruit also lowers plasma homocysteine concentrations (6).

Theterm folic acid refersto the synthetic form of the vitamin,
whereas folate refers to the natural forms, such as those present
in foods. The bioavailability and bioefficacy of dietary folate

appear to be less than those of folic acid (7). Bioavailability is
defined as the fraction of folate that is absorbed and can be used
for metabolic processes or storage as measured by changes in
folate status, whereas bioefficacy, or more correctly functional
bioefficacy, is defined asthe fraction that hasapositive effect on
afunctional parameter, for instance, the lowering of homocys-
teine concentrations (8).

One of the most important determinants of dietary folate bio-
availability, and thus of bioefficacy, could be the linkage to a
polyglutamate chain. In the Netherlands, where no food fortifi-
cation with folic acid is allowed, two-thirds of dietary folate
intake is ingested in the polyglutamate form, mainly derived
from vegetables, bread, and fruit (9). Before the absorption of
polyglutamated fol ates takes place, the enzymefolylpoly y-glu-
tamyl carboxypeptidase, which is present in the brush border of
the jejunum, cleaves glutamate moieties from the folate mole-
cule. Subsequently, folate is absorbed mainly in the monogluta-
mate form. Limitation or inhibition of this enzymatic process
might decrease the absorption of folate from polyglutamate
Sources.

Until now, many studies on the bioavailability of polyglu-
tamyl compared with monoglutamyl folic acid have been carried
out (10-18). However, results have been equivoca and have
resulted in estimates of the bioavailability of polyglutamyl rel-
ative to monoglutamyl folic acid that vary from 50% to 100%
depending on the study design and outcome parameters used. In
our view, itisnot yet clear towhat extent thelower bioavail ability
of dietary folate relative to that of folic acid can be attributed to
the polyglutamate chain. In addition, the bioefficacy of polyglu-
tamyl folic acid relativeto monoglutamyl folic acid for reduction
of plasma homocysteine concentrations has not been studied
previously. Knowledge of the extent to which linkage to a poly-
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glutamate chain decreases fol ate bioavailability and bioefficacy
would indicate which products are better folate sources and
whether it is necessary to find methods to improve the bioavail-
ability of dietary folate. The present study was carried out to
quantify the bioavailability and bioefficacy of low dosesof poly-
glutamyl relativeto monoglutamyl folic acidinalong-term study
in persons aged 5070 y.

SUBJECTS AND METHODS

Recruitment of subjects

Subjects were recruited from a database of volunteers main-
tained at the Division of Human Nutrition, Wageningen Univer-
sity, Netherlands. A letter explaining the research and amedical
guestionnaire were sent to 957 men and women aged 50-70 y.
The questionnaire provided information on the health criteria
that subjectshad to fulfill for inclusion in the study, and subjects
were asked to return the questionnaire only when they believed
all criteriawere met. Of the 957 questionnaires, 387 were com-
pleted and returned. Exclusion criteriawere asfollows. hemato-
logic diseases and chronic diseases including cancer, rena in-
sufficiency, liver disease, and diagnosed gastrointestinal
disorders; use of antiinflammatory, antacid, or anticonvul sant
drugs; and chronic consumption of aspirin or B vitamin supple-
mentsor of other drugsor dietary supplementsthat interferewith
folate or homocystei ne metabolism. Women had to be postmeno-
pausal. Subjects with low serum vitamin B-12 concentrations
(<160 pmol/L), high serum creatinine concentrations (>125
umol/L), or high plasma homocysteine concentrations (>26
wmol/L) were also excluded from participation. On the basis of
the questionnaire data, 290 subjects were eligible for admission
to the study. Forty-one persons withdrew from participation be-
fore the start of the study for logistic, medical, or personal rea
sons. Becausetheaimwasto recruit ~180 subjects, we excluded
61 personsrandomly. Thus, the population invited for biochem-
ical screening consisted of 188 apparently healthy adults aged
50—70y. The research protocol was approved by the Medical
Ethical Committee of Wageningen University. All subjectsgave
written informed consent.

Study design

The study comprised ascreening visit, a5-wk run-in period, a
baselinevisit, al2-wk intervention period, and 2 follow-up visits
after 2 and 12 wk of intervention. The follow-up visit after 2 wk
was applied because we wanted to explore whether the bioavail -
ability of polyglutamyl folic acid could be delayed compared
with that of the monoglutamyl form (16). At the screening visit,
a fasting blood sample was taken to determine serum vitamin
B-12, serum creatinine, and plasma homocysteine concentra-
tions. Furthermore, weight and height were measured. All sub-
jectstook partina5-wk run-in period during which they ingested
placebo capsules. In the meantime, biochemical analyses were
conducted. Theserumvitamin B-12 concentrationwastoolow in
one subject and the plasma homocystei ne concentration was too
highin another subject. These subjects, therefore, were excluded
from further participation. An additional 4 subjectsreported tak-
ing amedication that is known to interfere with folate or homo-
cysteine metabolism between the screening and first baseline
visit and were therefore excluded. The remaining 182 subjects
entered theintervention phase of the study, which had arandom-

ized, double-blind, parallel design with 3 groups and lasted 12
wk. To guarantee similar distributions of homocysteine concen-
trations in all groups at baseline, randomized blocks based on
screening homocystei ne concentrationswereused for theassign-
ment of subjectsto the 3 groups. Subjects sharing one household
(21 couples) were allocated to the same intervention group to
minimize the possibility of the wrong capsules being taken.

The 3 intervention groups received 323 nmol monoglutamy/l
folic acid (=145 wg), 262 nmol heptaglutamy! folic acid (=320
@), or placebo in the form of one capsule per day. Throughout
thestudy, subjectswereasked not to consumeliver becauseof the
high folate content. In addition, consumption of liver products,
such aspatéand liver paste, wasnot allowed for 3 d before blood
was drawn. Compliance was checked by counts of capsulesthat
werereturned after the study. Furthermore, subjectskept adiary
for monitoring compliance, illnesses, use of drugs or dietary
supplements, and departure from restriction of consumption of
liver and liver products.

After the run-in period, blood was drawn from all subjects at
3 time points: baseline and after 2 and 12 wk of follow-up. At
each time point, blood was collected twicefrom all subjectson 2
separatedays, each 3 d apart. Measurementsin theblood samples
taken 3 d apart were averaged to improve the statistical power of
the study (19). Blood was drawn at the Division of Human Nu-
trition after subjects had fasted overnight. For the measurement
of serum vitamin B-12, creatinine, and folate concentrations, 5
mL blood was collected in a serum separator tube and, after
standing for 30 min at room temperature, it was centrifuged for
10minat 2600 X g. For themeasurement of fol ateconcentrations
inwholeblood, 4 mL blood was collected in EDTA-coated tubes
and placed on aroller bank for 10 min to ensurethorough mixing.
From thissample, 0.4 mL was diluted with 1.6 mL ascorbic acid
(0.1%, wt:vol) and homogenized on a vortex. For the measure-
ment of plasmahomocysteine concentrations, 5-mL blood sam-
pleswere collected into EDTA-coated tubes, which wereimme-
diately placed onicewater and centrifuged within 30 min for 10
min at 2600 X g. Serum, plasma, and whole-blood sampleswere
stored at —80 °C until analyzed.

Capsules

Monoglutamy! folic acid was obtained from Merck & Co
(Whitehouse Station, NJ) and heptaglutamy! folic acid was ob-
tained from Schircks (Jona, Switzerland) as the ammonium salt
(chemical purities: >98%). |dentical capsul es containing mono-
glutamyl folic acid or polyglutamyl folic acid, with a target
amount of 450 nmol per capsule, and placebo capsules were
produced manually at the pharmacy of the Gelderse Vallel Hos-
pital, Ede, Netherlands. Thefolicacid content of the capsuleswas
determined by HPLC with ultraviolet detection (20). Polyglu-
tamyl folic acid was hydrolyzed to monoglutamyl folic acid by
incubation with rat plasma before injection to the HPLC. Six
batches of each type of capsule were analyzed with each batch,
which consisted of 20 randomly chosen capsules. Thefolic acid
contents of the capsules, expressed as nmol per capsule, were as
follows: placebo capsules, 0 (range: 0—0); monoglutamyl folic
acid capsules, 323 (range: 219-373); and polyglutamyl folicacid
capsules, 262 (range: 249-297). Thus, the actual content of the
monoglutamyl folic acid capsules was 71% and of the polyglu-
tamyl folic acid capsuleswas 58% of thetargeted dose (450 nmol
per capsule). CVsof thefolic acid content in the capsul e batches
did not exceed 6%.
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TABLE 1
Characteristics of the study population on admission to the study?*

Placebo (n = 60) Monoglutamyl folic acid (n = 59) Polyglutamyl folic acid (n = 61)

Age(y) 61+5 60 = 6 50+5
BMI (kg/m?) 26.7 + 3.9 254+ 30 262+ 29
Sex (%)

Men 62 53 61

Women 38 47 39
Smokers (%) 14 17 18
Plasma homocysteine (umol/L) 103+ 20 104+ 22 105+ 24
Serum vitamin B-12 (pmol/L) 321+ 94 315+ 83 307 = 89
Serum creatinine (wmol/L) 85+ 13 81+ 12 85+ 12

1X + SD. There were no statistically significant differences between groups.

Biochemical analyses

The concentrations of serum vitamin B-12, serum folate, and
whole-blood folate were measured with a commercia chemilu-
minescent immunoassay (Immulite 2000; Diagnostic Products
Company, LosAngeles). For the measurement of folateinwhole
blood, samples were diluted further with a concentrated human
protein-based matrix (Immulite 2000 diluent) before measure-
ment. Folate concentrations were measured at the Central Clin-
ica Chemistry Laboratory of the University Medical Centre,
Nijmegen, Netherlands (intraassay variation: <5% for serum
folate and <14% for whole-blood folate). Creatinine concentra-
tions were measured with a kit (Dimension; DuPont, Wilming-
ton, DE) based on the kinetic Jaffé reaction. Concentrations of
vitamin B-12 and of creatinine were assessed at the General
Practitioner’s Laboratory at Larenstein (Velp, Netherlands).
Plasma total homocysteine concentrations were measured by
HPLC with fluorimetric detection at the Division of Human
Nutrition and Epidemiology, Wageningen University (21, 22);
the intra- and interassay CV's were 2% and 7%, respectively.
Serum folate, whole-blood folate, and plasma homocysteine
concentrations were measured in al samples from the same run
collected at weeks 0, 2, and 12 to eliminate interassay variation.

Calculations and statistics

Power calculations were based on expected changes in the
concentrationsof folatein serum and of homocysteinein plasma
We expected an increase of 9.5 nmol/L in serum folate concen-
trations in the group receiving monoglutamyl folic acid and,
assuming arelative bioavailability of polyglutamyl folic acid of
75%, an increase of 7.1 nmol/L in the group receiving polyglu-
tamyl folic acid. Likewise, for plasmahomocysteine concentra-
tions, we expected a decrease of 2.5 umol/L (20%) in the group
receiving monoglutamy! folic acid and of 1.9 wmol/L (16%) in
the group receiving polyglutamyl folic acid. Thus, 54 subjects
per group would berequired to detect adifferenceinthe effect of
the 2 forms of folic acid on serum folate concentrations and 45
per group would berequired to detect adifferencein the effect of
the 2 formsof folic acid on plasmahomocystei ne concentrations
with 80% power and « = 0.05.

Erythrocytefolate concentrationswere cal cul ated by using the
following formula:

Erythrocyte folate = W — [S X (100 — H)/100] X (100/H)
1)

where W is the whole-blood folate concentration, Sisthe serum

folateconcentration, and H ishematocrit. Mean changesin serum
folate, erythrocyte folate, and plasma homocysteine concentra-
tions in the groups receiving either monoglutamyl or polyglu-
tamyl folic acid were computed and corrected for changesinthe
placebo group. Differences between the folic acid groups were
tested by analysis of variance (SAS; SAS Ingtitute Inc, Cary,
NC).

B|Oava||ab|||ty = (A[C]poly - A[C]plar:ebo/A[C]mono
- A[C]placebo) X dosagemono/dosagepoly) (2)

where A[C] isthe changein serum or erythrocyte fol ate concen-
trations over time in the monoglutamy! folic acid, polyglutamyl
folic acid, or placebo group. Likewise, bioefficacy was calcu-
lated by using the decrease in plasma homocysteine concentra-
tions expressed as a percentage.

RESULTS

Datafrom 2 subjectswere excluded fromthe analysesbecause
they had taken adrug that wasontheexclusionlist. Therefore, al
analyses were based on data from 180 subjects. During the in-
tervention period, one person dropped out just before the final
measurements because of illness (lung cancer). The average
compliance with intervention, based on counts of returned cap-
sules, was 99% (>80% for all subjects). Study groups did not
differ significantly in age, body mass index, sex, smoking be-
havior, or blood concentrations of homocysteine, vitamin B-12,
and creatinine at screening. The characteristics of the study pop-
ulation at baseline are shown in Table 1.

Thechangesin concentrationsof serumand erythrocytefolate
and in plasmahomocysteineare shownin Table 2. Serum folate
concentrations in the group that received monoglutamyl folic
acid increased by 81% at 12 wk of intervention after correction
for changes in the placebo group. In the group that received
polyglutamyl folic acid, theserumfolate concentrationincreased
by 46% after 12 wk. Erythrocyte folate concentrationsincreased
by 41% in the monoglutamy! folic acid group and by 21% in the
polyglutamy! folic acid group after 12 wk of intervention. Cor-
rection for the difference in capsule content did not ater the
statistically significant differences in folate concentrations be-
tween groups. Decreasesin plasmahomocysteine concentrations
were not significantly different between the 2 folic acid groups,
namely 14%inthemonoglutamyl folicacid groupand 12%inthe
polyglutamy! folic acid group after 12 wk. The decreases were
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TABLE 2

Serum folate, erythrocyte folate, and homocysteine concentrations during the intervention and changes from baseline at 2 and 12 wk of intervention

Placebo Monoglutamyl folic acid Polyglutamy! folic acid Difference between folic
(n=60) (n=59)* (n=60) acid groups
Serum folate (nmol/L)
Week 0 14.2 + 3.9 152+ 41 144+ 54
Week 2 136 + 3.7 188 + 4.7 158 + 4.6
Week 12 129+ 38 257+74 193 +56
Change at week 12 (nmol/L) 11.8(10.3,13.3)° 6.1(5.3,7.0) 5.6 (3.9, 7.4
Erythrocyte folate (nmol/L)
Week 0 685 + 208 737 £ 211 800 + 278
Week 12 636 + 215 969 + 254 905 + 311
Change at week 12 (nmol/L) 282 (246, 318) 155 (122, 188) 127 (78, 176)*
Plasma homocysteine (wmol/
L)
Week 0 104 + 1.7 104+ 21 110+ 2.6
Week 2 105+18 100+ 1.9 103+ 23
Week 12 106+ 1.9 9.0+ 17 9.7+20
Change at week 12 (%)° -14.1(-16.3, —11.9) -12.1(-14.8,-9.3) 21(-15,5.6)

1 In week 2, values for one subject were missing (n = 58).
2% + SD.

3X; 95% ClI in parentheses. Values were corrected for the change in the placebo group.

4P < 0.001.

5 Values are expressed as percentages to correct for the differences in baseline values and because absolute changes were not normally distributed.

not significantly different after correction for the difference in
molar folic acid content in the capsules.

The biocavailability of polyglutamyl folic acid relative to
monoglutamy! folicacid wasnot different when cal culated onthe
basis of changesin serum folate (64%; 95% Cl: 52%, 75%) or on
the basis of changes in erythrocyte folate (68%; 95% Cl: 51%,
84%) after 12 wk of intervention. On the basis of plasma homo-
cysteine concentrations, the bioefficacy of polyglutamyl folic
acid relativeto that of monoglutamyl folic acid was 106% (95%;
Cl: 77%, 134%) after 12 wk of intervention (Table 3).

DISCUSSION

In the present study we found that the bioavailahility of poly-
glutamyl folic acid was 66% of that of the monoglutamy! form of
the vitamin on the basis of both serum folate and erythrocyte
folate concentrations after 12 wk of intervention. No difference

TABLE 3
Bioavailability and bioefficacy of heptaglutamyl folic acid relative to
those of monoglutamy! folic acid*

Based on 2 wk of Based on 12 wk of
intervention intervention
Bioavailability %
Serum folate 57 (30, 83) 64 (52, 75)
Erythrocyte folate — 68 (51, 84)
Bioefficacy
Plasma homocysteine 183 (64, 302) 106 (77, 134)

1%, 95% Cl in parentheses. Values were calculated as (A[C] poly —
A[C] placebO/A[C] mono A[C] placebo) X doswemono/doswepoly)! Where A[C]
isthechangein serum or erythrocytefol ate concentrationsover timein either
thegroup receiving monoglutamyl folic acid (mono), polyglutamyl folicacid
(paly), or placebo. Likewise, the bioefficacy was calculated on the basis of
the decrease in plasma homocysteine concentrations expressed as a percent-
age.

in bioefficacy between the 2 forms of the vitamin was observed
on the basis of plasma homocysteine concentrations.

Many previous studies have found that the bioavailability of
polyglutamy! folic acid compared with monoglutamyl folic acid
is of the same order of magnitude as we found (11, 12, 16).
However, a similar number of studies showed no difference
between the bioavailability of polyglutamyl and monoglutamyl
folic acid (10, 15, 18). Studies with protocols that involved the
use of single doses encountered the problem that relatively high
doses or a high preload dose were needed to gain a measurable
folate response in blood. Such protocols may not be appropriate
for measuring the bioavailability of folate at intakes of folate
within the range normally consumed. In addition, short-term
studies in which folate polyglutamates are administered may
underestimate the bioavailability of such polyglutamates be-
cause thereis no time for up-regulation of folylpoly y-glutamyl
carboxypeptidase activity.

Thepresent intervention study wasthefirstinwhichlow doses
of polyglutamyl and monoglutamy! folic acid were administered
daily long term to quantify the bioavailability of polyglutamyl
folic acid relative to that of monoglutamyl folic acid. Folate
intake was restricted to the habitual diet and to the supplements
supplied during the study. Because food fortification with folic
acid is not allowed in the Netherlands and because the subjects
did not use any supplements containing B vitamins, no other
sources of folic acid could have interfered with the results of the
study. Furthermore, the subject groups were well randomized
and sufficiently large to quantify bioavailability within narrow
confidence limits.

Analysisby HPL C showed that thefolate content of the mono-
glutamyl folic acid and heptaglutamyl folic acid capsules was
lower than expected (71% and 58%, respectively). Reanalysis
with the use of amicrobiological assay led to similar results. For
the heptaglutamy! folic acid capsules, the lower than expected
folate content may have been duein part to impurity of the raw
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material because HPLC analysis showed that only 70% was
polyglutamyl folic acid. Moreover, the moisture content of the
preparations used was higher than expected, although thiswould
only explain the lower folate content to a minor extent. On the
basisof the pharmacy report, we had no reason to believethat the
encapsulation procedure was not carried out correctly, and we
were confident that analytic error was kept to a minimum. The
differences in doses of monoglutamyl and polyglutamyl folic
acid capsules were taken into account when the bioavailability
and bioefficacy were calculated; this correction did not change
the results.

Onthebasisof our results, weestimated theextent towhich the
bioavailability of dietary folate is affected by the polyglutamyl
chain. We found that, relative to monoglutamy! folic acid, only
66% of polyglutamyl folic acid becomes available for use and
storage in the body. In the Netherlands, about two-thirds of di-
etary folate is provided by polyglutamates and one-third is pro-
vided by monoglutamates, on the basis of across-sectional study
in 1275 men and 1160 women aged 20—65y (9). The bioavail-
ability of folate from a mixed diet would then be calculated as
(%3 % 0.66 + ¥3) X 100% = 77%, compared with adietinwhich
all folate would be present in the monoglutamate form. Other
factors, such as the food matrix, may attenuate bioavailability
even further.

We did not give any instructions to our subjects concerning
whether the capsul es should be consumed with ameal . Although
we cannot exclude some modulating effect of food, we do not
believe that it was of major importance. First, the folic acid that
we provided was not incorporated into food. Therefore, any
modulating effects from the food matrix would have been neg-
ligible. Second, any modul ating effectsfrom food that may have
affected the bioavailability of both monoglutamyl acid and poly-
glutamyl folic acid would have been the same in both interven-
tion groups. Any specific food factors that affect the bioavail-
ability of the polyglutamyl form only, such as inhibition of
deconjugation by organic acids, may have affected the results.
Third, not al subjects would have ingested the capsules with
food. In summary, food effects may have occurred but only to a
minor extent.

In the present study, we attempted to measure the bioefficacy
of polyglutamyl folic acid relative to that of monoglutamyl folic
acid on the basis of decreases in plasma homocysteine concen-
trations. The estimated rel ative bioefficacy of polyglutamyl folic
acid after 12 wk of intervention was found to be 106%, athough
the 95% Cls were wide (Table 3). Thisis somewhat surprising
because the mean estimate of the relative bioavailability of poly-
glutamyl folic acid, based on changes in the concentrations of
folatein serum and erythrocytes over 12 wk, was 66%. Because
folate statusisanimportant determinant of plasmahomocysteine
concentrations, one would also expect a lower relative bioeffi-
cacy of polyglutamy! folic acid. It should be realized that bioef-
ficacy probably depends on the administered dose. Recently, we
reported the results of adose-finding study in which we studied
the effect of the dose of folic acid on homocysteine concentra-
tions in subjects who were comparable with subjects in the
present study and found that doses of =400 wg/d are needed to
reach stable plasmahomocysteine concentrations (23). At lower
doses, thedose-responserel ation of folic acid with homocysteine
is almost linear. This implies that, at high doses, estimates of
bioavailability would approach 100%. Itishighly unlikely, how-
ever, that the maximum decrease in homocysteine concentra-

tions was reached in our study because we used doses far lower
than 400 ug.

Severa other factors complicated the interpretation of our
bioefficacy data. First, the observed reductionsin homocysteine
concentrations—and hence the statistical power to detect a dif-
ference between the groups ingesting monoglutamyl and poly-
glutamyl folic acid—waslower than anticipated, mainly because
of thelower folic acid content of the capsules. Second, we were
confronted with asomewhat higher mean baseline homocysteine
concentration in the polyglutamyl folic acid group than in the
monoglutamyl folic acid group, despite the careful randomiza-
tion at screening. Because of the phenomenon of regressiontothe
mean—ie, when concentrations are high when initially mea-
sured, subsequent measurements are generaly lower—the re-
duction in homocysteine concentrations in the polyglutamy! fo-
lic acid group may have been slightly exaggerated. Neverthel ess,
when we excluded 2 subjects from the polyglutamy! folic acid
group who had high baseline homocysteine concentrations,
which resulted in a mean baseline homocysteine concentration
close to that of the monoglutamyl folic acid group, the estimate
of bioefficacy was virtually unchanged.

In conclusion, the relative bioavailability of polyglutamyl fo-
lic acid is66% of that of monoglutamyl folic acid on the basis of
serum and erythrocytefol ate concentrati ons. Because about two-
thirds of dietary folate is in the polyglutamate form, the maxi-
mum bioavailability of folate from amixed diet would be 77%.
Thus, the best way to improve the folate status of the population
is to increase the amount of monoglutamate folate in the food
supply. This would best be achieved by fortifying foods with
monoglutamy! folic acid. Other food-based approaches include
the consumption of foods with a high monoglutamate folate
content (24) and an increase in the amount of bioavailable folate
infood viaspecificfood-processing techniques(25), plant breed-
ing, or genetic engineering. B
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