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Abstract Most European people have selenium (Se) intake
inferior to recommended values that are considered necessary
to ensure the beneficial action of antioxidant selenoproteins.
People could therefore tend to have recourse to Se-enriched
food supplements (FS) aiming to increase their Se body level.
On the Belgian market, three main types of Se-rich FS are
available: Se-enriched yeast, selenate-based FS, and selenite-
based FS. In the present work, in vitro tests imitating gastro-
intestinal digestion and intestinal absorption were used to
determine the bioaccessible and bioavailable fractions of Se
present in one specimen of each category of FS. The aim of the
study was to verify to which extent the difference in Se
speciation could influence the efficiency of FS for enhancing
the human Se status. Results indicated that differences exist in
both bioaccessibility and bioavailability between the three
types of FS, and that these differences could be related, at least
partially, to the Se species profile. Overall bioavailability of the
three FS was low (maximum 14 % of the original Se content).
Among the three samples, the selenate-based FS produced the
highest fraction of bioavailable Se, followed by Se-yeast, and
finally by the selenite-based FS for which Se was almost not
available at all. These results confirm the low availability of
inorganic Se but were somewhat unexpected regarding the
yeast-based FS since Se-rich yeasts are usually reported to
contain an important fraction of available Se.
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Introduction

The metalloid element selenium (Se) was discovered in
1817 and was initially considered as a toxic substance
because it had been associated with poisoning of livestock
and people in several Se-rich places around the world [1].
Opinions about Se radically changed 140 years later when
evidence was provided that Se was actually an essential
element [2] required for the synthesis of several antioxidant
selenoenzymes in mammals [3]. In the USA, the recom-
mended dietary allowance (RDA) for Se was fixed by the
Institute of Medicine at 55 μgday−1 for both adult men and
women [4]. This level of intake is supposed to guarantee
maximal activity of glutathione peroxidases selenoenzymes
[5]. In some European countries, higher intake levels are
recommended: in the UK, RDA ranges between 60 and
75 μgday−1 [6] and in Belgium, recommended values are
60 μgday−1 for women and 70 μgday−1 for men [7].

Food is the most important source of human Se intake. Se
content of food is determined by the element’s occurrence in
local soils through the soil–plant transfer system. Thereby,
Se status of a population is tightly correlated to its geo-
graphical location. Whereas Se requirements are fully met in
most parts of the USA, Se intake in European countries is of
higher concern as Se content of soils is considerably lower
than in the USA [6]. In France, average Se intake was
recently estimated at 53.7 μgday−1 [8] and in Belgium, the
mean dietary intake of Se by the adult population was
calculated to be 60 μgday−1 (unpublished results). A previ-
ous Belgian estimation reported a range of intake between
30 and 60 μgday−1 [7]. All these values are inferior to the
RDA and many European countries are in the same situa-
tion. In Finland, a global strategy of food Se-enrichment was
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carried out in 1984 in order to improve Se status of inhab-
itants. At that moment, application of selenized fertilization
to practically all Finnish crops became obligatory. This
measure resulted in a significant enhancement of the Se
content of food (up to a 20-fold increase in spring wheat).
Consequently, the daily average Se intake by Finnish people
increased from 38 μg prior crops fortification to 80 μg in
2001, with a concurrent enhancement of Se concentrations
in plasma [9, 10].

The Finnish example is however an isolated case of nation-
al action against Se deficiency and, in general, people recourse
more readily to Se-enriched food supplements (FS) in order to
improve their Se status. During the past decade, a variety of
Se-enriched FS have emerged on the European market. The
large majority of them can be classified in three distinct
categories: Se-enriched yeast, selenate-based FS, and
selenite-based FS (personal communication from the Belgian
Public Health Ministry). The last two are totally inorganic and
contain either selenate (Se(VI)) or selenite (Se(IV)) usually as
sodium salts surrounded by excipients. Yeast-based FS typi-
cally consist of Baker’s yeast (Saccharomyces cerevisiae)
appropriately cultured in the presence of an inorganic source
of Se (usually Se(IV)) that yeast can accumulate and metab-
olize into organic Se species [11], mostly selenomethionine
(SeMet) nonspecifically incorporated into peptide chains [12,
13]. Hence, yeast represents a mean to obtain at low cost high
quantities of Se under organic formswhich have been reported
to be less toxic than inorganic Se [14, 15]. The exact compo-
sition of yeast-based FS remains, however, uncertain because
many metabolic intermediates, known or unknown, are pres-
ent in variable proportions in addition to SeMet [16]. Recent-
ly, up to 49 different selenometabolites could be identified in
yeast samples by advanced hyphenated techniques of 2D
chromatography coupled to Se-specific detectors ICP-MS
and ESI-(multi)MS [17].

The efficiency of orally ingested Se in fulfilling its
essential activity of selenoenzyme production is depen-
dent on several previous steps determining Se bioacces-
sibility and bioavailability, which are in turn influenced
by different factors such as the kind of food matrix
entrapping Se, the presence of other food components
that could interact with the element and the chemical
form (speciation) of Se. The bioaccessible fraction of Se
can be defined as the part of ingested Se that is released
from the food matrix in the lumen of the intestine, and
that can thereby possibly be absorbed through the intes-
tinal mucosa [18]. The bioavailable fraction of Se is
considered to be the part that is effectively absorbed
through the intestinal epithelium and that reaches the
systemic bloodstream [19]. The bioavailable fraction is
therefore a subfraction of the bioaccessible Se, and from
this bioavailable fraction, a subsequent bioactive fraction
will finally lead to selenoprotein synthesis [20].

In this study, we focussed on bioaccessibility and bio-
availability of Se originating from different FS belonging to
one of the three aforementioned categories (i.e., Se-enriched
yeast, selenate-based FS, or selenite-based FS). We selected
one FS from each category and estimated the bioaccessible
and bioavailable fractions of their Se content through in
vitro methods. Bioaccessibility was measured through sim-
ulated gastrointestinal digestion consisting in a first step of
pepsin-mediated digestion at acidic pH, followed by a sec-
ond intestinal step conducted at neutral pH with pancreatin
and bile salts. Bioavailability was estimated through the use
of a cellular (Caco-2) model mimicking the intestinal barri-
er. In this way, this study aimed to evaluate differences in Se
efficiency that are suspected to exist between the three
categories of most commonly taken Se-enriched FS.

Material and Methods

Samples Collection, Sample Preparation, and Experimental
Approach

Food supplements were bought in a local pharmacy and
an organic store. The three specimens of FS consisted
in Se-enriched yeast (LepiVits, Vincennes, France), in a
multimineral and multivitamin complex containing Se as
sodium selenate (Bion 3, Merck, Dijon, France) and in
a multimineral and multivitamin complex containing Se
as sodium selenite (Azinc Optimal, Arkopharma, Wavre,
Belgium). These samples are further referred to as
yeast-FS, selenate-FS, and selenite-FS with reference to
their type. According to the information provided by the
producer, total Se concentrations of the samples were:
yeast-FS, 167 μg Se g−1; selenate-FS, 30 μg Se g−1;
and selenite-FS, 35 μg Se g−1. Yeast-FS and selenate-FS
were formulated as pills and were crushed in powder by
pillar for homogenization. Selenite-FS was a capsule-
containing powder that was emptied. Homogenized sam-
ples were stored in the dark in polyethylene pots at
room temperature prior to analysis. A schematic presen-
tation of the experimental approach is presented in
Fig. 1 and procedures are detailed in the following
paragraphs.

Selenium Analysis

For verification of the information supplied by the producer,
total Se concentration in the FS samples was measured by
ICP-MS (820-MS, Varian) after acidic mineralization (50 %
nitric acid (v/v)) in microwave (X-PRESS; CEM Corporation,
Matthews, NC, USA). Isotopes 77 and 78 of Se were mea-
sured with use of 90 mlmin−1 of H2 as reaction gas to remove
interferences on these masses. Speciation analysis was
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realized by coupling HPLC (Pro Star, Varian, Mulgrave, Aus-
tralia) to ICP-MS. Chromatographic separation of Se species
was obtained with a reverse phase C8 Alltima column (250×
4.6 mm id×5 μm particle size; Grace Davison Discovery
Science, Lokeren, Belgium) and Se was eluted with a mobile
phase containing 0.2 % (v/v) heptafluorobutyric acid (HFBA;
Alfa Aesar, Karlsruhe, Germany) with a gradient of 50% (v/v)
methanol (HPLC grade; VWR, Leuven, Belgium), i.e. 0–
5 min 100 % HFBA, 5–10 min 70 % HFBA-30 % methanol.
Total elution was obtained within 10 min at a flow rate of 1 ml
min−1. All dilutions were made with milliQ water (Millipore,
Overijse, Belgium). Identification of Se species was realized
through matching of retention times with individual standards
of corresponding Se species and quantification occurred by
external calibration with the same standards. Limits of quan-
tification values were 0.12 μg per liter of measured solution
for total Se and 0.5 μgl−1 for Se species. These values were
calculated respectively as six times the standard deviation of
20 Blanco’s, and as six times the baseline standard deviation.

Selenium Extraction

Proteolytic extraction of Se was achieved in order to
identify Se species profile in original FS samples and in
Caco-2 cells after in vitro absorption experiments. This
extraction was carried out with protease (protease XIV,
Sigma-Aldrich, St. Louis, MO, USA) in Tris–HCl buffer
30 mM (Sigma-Aldrich) at pH7.5–37 °C, with applica-
tion of ultrasonic probe (Vibra Cell, Bioblock Scientific,
Illkirch, France). The process was repeated three times
on FS samples in order to extract the maximum of Se.
After that, samples were centrifuged and Se species
were quantified in the liquid fraction. Details on the
procedures applied to both types of samples are provid-
ed in Table 1. The integrity of Se species during the
extraction process has been verified by conducting the
extraction on individual Se species.

Bioaccessibility Test—In Vitro Gastric and Intestinal
Digestions

Bioaccessible fraction of Se from FS was considered to be
the fraction of Se that was soluble in a digestive juice during
the process of an in vitro gastrointestinal digestion:

Bioaccessibility %½ � ¼ Se in intestinal digest

Se in original FS
� 100

The digestion was sequenced in two successive steps,
referred to as gastric and intestinal digestions (Fig. 1). The
salivary digestion step was not addressed in this work owing
to the fact that FS are usually directly swallowed. Quantities
of sample used for digestion were dependent on the original
Se content of FS and were: yeast-FS, 58 mg; selenate-FS,
320 mg; and selenite-FS, 280 mg. Such quantities were
intended to permit Se concentration in final digested juices
of approximately 200 ng Se ml−1. Samples were weighted in
100 ml polycarbonate Erlenmeyer flasks (Corning; Elscolab,
Kruibeke, Belgium) and diluted in 40 ml of Hank’s buffered
salt solution (HBSS; Lonza, Verviers, Belgium) at pH2.0. For
the gastric digestion, 2 ml of a solution of porcine pepsin from
gastric mucosa (40 gl−1 in HCl 0.1M) were added to the
samples. Erlenmeyer flasks were then saturated with nitrogen
to create an anaerobic environment and they were placed for
2 h in an agitating (350 rpm) water bath at 37 °C. After the

Fig. 1 Schematic presentation
of the experimental approach

Table 1 Main characteristics of Se enzymatic extraction procedures
applied to original FS samples and to post-absorption Caco-2 cells

FS samples Cell samples

Protease 20 mg 5 mg

Tris 10 ml 2 ml

US probe 2 min 1 min

Centrifugation 30 min at 8000 rpm –

Repetition 3 times 1 time
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gastric digestion, 1 ml of the digest was taken and re-
served for further Se analysis. For the intestinal digestion,
pH was elevated up to 5.3 with NaHNO3 1M, and 6 ml
of a solution of porcine bile extract mixture and pancreatin
from porcine pancreas (both at 3.33 gl−1 in NaHCO3

0.1M; Sigma-Aldrich) were added to the samples. Pancre-
atin contains several enzymes including amylase, lipase,
ribonuclease, trypsin, and protease. The pH was then read-
justed up to pH7.0, Erlenmeyer flasks were saturated with
nitrogen, and the intestinal digestion occurred for 2 h in
an agitating (350 rpm) water bath at 37 °C. At the end of
the digestion, digestive enzymes were inactivated by plac-
ing Erlenmeyer flasks for 10 min at 80 °C. Finally, sam-
ples were centrifuged for 15 min at 3,000 rpm and the
supernatant was kept for Se analysis and further study of
bioavailability. The integrity of Se species during the in vitro
digestion process has been verified by conducting the digestion
on individual Se species.

Bioavailability Test—In Vitro Absorption Experiments

The bioavailable fraction of Se from FS was considered to
be the sum of, firstly, the fraction of soluble Se that was
transported through a monolayer of Caco-2 cells in a bicam-
eral culture system and, secondly, the fraction that was
retained in cells during the process of absorption (Fig. 1):

Bioavailability %½ � ¼ Se in basolateral poleþ Se in cells

Se inoriginal FS
� 100

Caco-2 cells, originating from a human colorectal adeno-
carcinoma, were obtained from the American Type Culture
Collection (Rockville, MD, USA). Cells were stored in
liquid nitrogen and aliquots were regularly defrosted for
experiments. Caco-2 cells were cultured in Dulbecco’s mod-
ified Eagles medium (Lonza) supplemented with 10 % (v/v)
heat-inactivated fetal bovine serum (FBS; HyClone; Perbio-
Sciences, Erembodegem, Belgium), 1 % (v/v) non-essential
amino acids (Lonza) and 1 % (v/v) L-glutamine 200 mM
(Lonza). They were maintained at 37 °C in a humidified
atmosphere of 5 % CO2 (v/v)–95 % air. Cells were expanded
in 175-cm2 flasks and subcultured at 90 % confluence with a
trypsin-EDTA solution (Lonza). Each subcultivation incre-
mented by one the number of passage, and cells were used
for experiments between passages 47 and 52. After subcul-
tivation, cells were seeded on permeable PE Transwell® cell
culture inserts (24 mm diameter, 0.4 μm pore size; Corning;
Elscolab, Kruibeke, Belgium) at a density of 4×105 cells per
insert. Inserts were placed in six-well plates (Corning; Els-
colab) in which they delineated an upper (apical) and a
lower (basolateral) compartments. Apical and basolateral
compartments were filled respectively with 1.5 and 2.5 ml

of culture medium that was changed three times a week until
full differentiation of cells (21 days postseeding). Because
serum contains traces of Se, last medium change before
experiment was realized with 0.5 % FBS instead of 10 %.
For the transport experiments, solutions of bioaccessible Se
obtained from the in vitro digestion were diluted 1:1 (v/v) in
HBSS (Lonza) in order to limit cytoxicity induced by bile
salts, and they were added to apical compartment while
HBSS containing 1 % (w/v) albumin (BSA; Sigma-
Aldrich) was added to basolateral chamber. Absorption pro-
cess lasted 3 h, a probable duration journey of food in the
small intestine. After that, basolateral media were collected,
as well as cells that were scrapped out, and both were
analyzed for their Se content. Potential cytotoxicity of the
substances used was estimated through importance of cell
lyses, which were determined by assaying the release of
intracellular enzyme lactate deshydrogenase (LDH) into
the culture medium. Activity of LDH was assayed by cyto-
toxicity detection kit from Roche Diagnostics (Mannheim,
Germany) and compared to appropriate negative (culture
medium) and positive (1 % Triton, Sigma) controls. The
integrity of the cell monolayer during the 3-h transport was
verified by measuring the transepithelial electrical resistance
(TEER) prior and after the transport experiment.

Results

Concentration of Se and its Speciation in Original FS

The acid mineralization conducted on FS permitted to re-
cover 100 % of the Se content reported on the package,
which confirmed the information provided by the producer.
The triple proteolytic extraction released the totality of Se
from inorganic Se-FS and 86 % of Se from yeast-FS
(Table 2). Regarding yeast, the first extraction released
about 90 % of extractable Se and the second extraction
released the remaining 10 %. The third extraction did not
release significant quantities of Se, which ensured that ex-
traction efficiency was at its maximum.

Selenate-FS and selenite-FS contained exclusively those
species but Se yeast generated a variety of peaks (Fig. 2).
Among them, three were identified as SeMet (the main
species), Se(IV), and methylselenocysteine (MeSeCys).
The other detected peaks were unknown species, probably
selenopeptides that could not be quantified due to the lack of
appropriate standards of calibration.

Bioaccessible and Bioavailable Fractions of Total Se
from FS

A 1:1 dilution of the final FS digests in HBSS permitted to
limit cytotoxicity induced by bile salts to values lower than
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Table 2 Total Se and Se species (i.e., Se(VI), Se(IV), SeMet, and MeSeCys) concentrations [in micrograms of per gram of Se], ±standards
deviations, in original food supplements determined by HPLC-ICP-MS after US enzymatic extraction

Original Se content Total extracted Se Se(VI) Se(IV) SeMet MeSeCys

Yeast-FS 167 144±3 ND 29±9 56±6 6±4

Selenate-FS 30 31±2 30±1 ND ND ND

Selenite-FS 35 35±1 ND 32±2 ND ND

N=3, n=3

ND not detected

Fig. 2 Reversed-phase
HPLC-ICP-MS chromatograms
of the three original food
supplements samples investigat-
ed in comparison with Se species
standards a yeast-FS, b selenate-
FS, c selenite-FS, d Se species
standards (10 ppb); 1 Se(VI), 2
Se(IV), 3 MeSeCys, 4 SeMet
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10 % of the positive control (LDH release test), thereby
guarantying the safety for the cells (results not illustrated).
TEER values prior to the start of the experiment ranged
from 1,100 to 1,400Ωcm2, which ensured the integrity of
the cell monolayer. A decrease of about 10 % of initial
TEER values was systematically observed at the end of
the 3-h transport experiment.

Figure 3 shows the bioaccessible and bioavailable frac-
tions of Se as percentages of the original Se content of FS.
Neither the in vitro digestion nor the in vitro absorption did
modify the original speciation of Se. For the three FS, the
totality of Se released during the in vitro digestion was
liberated during the gastric step, and no additional Se was
released during the intestinal step.

Only 57 % of Se from yeast-FS was liberated through the
in vitro gastrointestinal digestion and was thus considered as
bioaccessible. During the phase of absorption, Se from
yeast-FS accumulated in Caco-2 cells and the bioavailable
fraction of Se corresponded therefore to the sum of Se
content in basolateral compartment and in cells (6 and
1 %, respectively, of original Se content). Speciation of Se

in the different fractions will be addressed in the next
section.

In selenate-FS, the totality of Se was bioaccessible. Four-
teen percent of this quantity were absorbed through the
Caco-2 monolayer and corresponded to the bioavailable
fraction of Se. No Se was detected in cells upon selenate-
FS presence.

As for selenite-FS, the bioaccessible fraction of Se rep-
resented 80 % of the original Se content, while its bioavail-
able fraction was barely of 1 %. No Se was detected in cells.

Bioaccessible and Bioavailable Fractions of Se Species
from Yeast-Se

Figure 4 presents the Se species profiles in bioaccessible and
bioavailable fractions of Se in yeast-FS. On the one hand,
SeMet is shown to be less accessible (70 % of the original
SeMet content) than Se(IV) and MeSeCys for which the
totality of the original content was retrieved in the digested
solution. On the other hand, SeMet was the only species
detected in the basolateral compartment and in cells after in
vitro absorption. The bioavailable fraction of SeMet
accounted for 24 % of the original SeMet content and of
about 35 % of bioaccessible SeMet.

Discussion

Because Se intake of Belgian people is lower than recom-
mended values, and considering that the majority of local
food products have low Se content [6], the use of Se-
enriched FS is an evident option in order to increase Se
dietary intake. In this study, the degrees of Se bioaccessi-
bility and bioavailability from three different kinds of FS
were investigated through in vitro methods that imitated the
human digestive tract from the entry of the FS in the

Fig. 3 Percentage of original Se from a yeast-FS, b selenate-FS, and c
selenite-FS that was released in gastrointestinal juice (i.e., bioaccessible
Se), and absorbed through Caco-2 monolayer or accumulated in cells
during a 3-h period (i.e., bioavailable Se). Results are given as means±
standard deviations (N=3, n=3)

Fig. 4 Percentage of original Se species from yeast-FS that were
released in gastrointestinal juice (i.e., bioaccessible Se), and absorbed
through Caco-2 monolayer or accumulated in cells during a 3-h period
(i.e., bioavailable Se). Black bar SeMet dotted bar Se(IV), and hatched
bar MeSeCys. Results are given as means±standard deviations
(N=3, n=3)
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stomach, to the intestinal absorption and delivery of its Se
content in the bloodstream. These in vitro approximations
present the advantages to be easier, faster, cheaper and more
controllable than if having monitored human subjects.

Bioaccessibility

A common observation for the three investigated FS was
that the totality of the bioaccessible Se was liberated at the
gastric stage of the in vitro digestion. The gastric phase
consists in the first proteolytic attack of the digestion and
occurs through the action of pepsin/HCl, while the further
intestinal phase, mediated by bile and pancreatin (mixture of
proteases, amylase and lipase), permits a second peptidic
hydrolysis and the breakdown of other categories of food
components [21]. The rapid release of selenite and selenate
from the FS matrix was awaited considering the high degree
of solubility of inorganic Se species. In yeast-FS, our model
seems to indicate that the pepsin-mediated proteolysis
would be sufficient to release the maximum of soluble Se
present in yeast. This could illustrate the fact that SeMet,
i.e., the major species present in yeast, occurs entrapped into
proteins surrounded by a relatively simple matrix. In this
scheme, Se compounds remaining in the matrix after the in
vitro digestion should be insoluble or linked to insoluble
fractions of the yeast. Significant amounts of Se have nota-
bly been detected in the cell wall constituents of Se-enriched
yeasts [22].

The three FS were not equal in terms of Se bioaccessi-
bility. The difference was especially marked between FS
containing inorganic Se (selenate or selenite), and Se-rich
yeast. The totality of Se contained in selenate-FS was bio-
accessible and this value was 80 % in selenite-FS. In con-
trast, the liberation of Se from yeast-FS was only of 57 %.
Different factors could explain the low bioaccessibility of Se
from yeast-FS. Firstly, contrary to inorganic-based FS,
yeasts constitute a matrix, though being relatively simple,
from which Se must be extracted. Secondly, Se-rich yeast
contains a variety of unknown species potentially nonbioac-
cessible (e.g., insoluble or volatile). Thirdly, the major Se
species in yeast-FS is SeMet that, unlike other Se-species, is
stored for a large part in the proteins of the food matrix. As a
result, the majority of SeMet is more fixed into the yeast
matrix than other species and is thus more difficult to extract
[23]. In that sense, the importance of SeMet content in yeast
may be determinant to assess its Se bioaccessibility: the
more SeMet is present, the less bioaccessible the total Se
content likely is.

In two previous studies where in vitro digestions were
performed on yeast for 8 h, the bioaccessible fractions of Se
were 89 % [13] and 80 % [12]. Based on these results, the
authors concluded that Se from yeast was highly bioacces-
sible. However, in one of those studies, the liberation of Se

was shown to be time dependent, with the release of Se
being only 35 % after 2 h and 45 % after 4 h [12]. Those are
more realistic durations for digestion processes and do cor-
respond to the values found in the present study. These
findings suggest that the degree of Se bioaccessibility from
yeast is influenced by the rapidity of its transit in the
digestive tract.

Bioavailability

The degree of Se absorption through the Caco-2 monolayer
was strongly species-dependent. The bioavailability of
Se(IV) was the lowest: Se(IV) present in selenite-FS was
hardly absorbed through the Caco-2 monolayer (∼1 % of the
original Se(IV) content; Fig. 3), and none of the Se(IV)
present in yeast-FS was detected in the absorbed fraction
(Fig. 4). In comparison, Se(VI) from selenate-FS was much
more available (14 % of the original Se(VI); Fig. 3). Re-
garding yeast-FS, the presence of SeMet was crucial as it
was the only species detected in the absorbed fraction of Se
and in cells. The percentage of SeMet that was absorbed
from the yeast digest represented 35 % of the bioaccessible
SeMet and only 7 % of the total Se content of the yeast-FS.
In a previous investigation conducted with the similar Caco-
2 absorptive model, we had determined the degrees of
bioavailability of pure individual Se species to be Se(IV)
(12±1 %)<Se(VI) (33±2 %)<MeSeCys (46±2 %)<SeMet
(56±4 %; unpublished results). These values are higher than
those observed here for Se species present in the bioacces-
sible fraction of the yeast-FS. This suggests that the pres-
ence of some additional components of the intestinal bolus
(digested matrix and digestive enzymes) could impede or
slow down the absorption of Se species from FS. It should
also be noted that the degree of bioavailability of Se from
yeast-FS is likely to vary widely in function of the specimen
of Se-rich yeast considered because the Se species compo-
sition—and especially the proportion of SeMet—can differ
importantly from one specimen to another [11, 16, 23].

In the context of Se diet enrichment, several in vitro and
in vivo studies have reported that SeMet was more efficient-
ly absorbed and retained by the organism than other species
[24–26] because of its capacity of integration to proteins
[27]. Selenium can therefore be progressively released into
the organism during the regular turnover of proteins and
continuously meet the Se body requirements. In addition,
SeMet has been showed to be less toxic than inorganic
species [14, 15]. Hence, although our results did not show
a very high release of bioavailable Se from the yeast-FS, this
kind of dietary supplement seems to represent an interesting
source of Se for long-term supplementation. Contrary to
SeMet, selenate was not retained in cells and it is expected
to be more readily excreted as reflected by the rapid de-
crease in Se plasma concentrations observed in humans at
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the end of period of selenate diet supplementation compared
to Se-rich yeast supplementation [28]. This makes us sug-
gest that selenate-FS, which here showed the highest bio-
available fraction of Se, would be more appropriate to
respond to an acute and occasional need of Se, while Se-
yeast would be convenient for a long-term supplementation.

Conclusion

Within the limits of prediction allowed by an in vitro model,
our results indicate that Se from the three investigated speci-
mens of Se-enriched FS is in general poorly available (14 %
maximum of original Se content was released from the
matrix and crossed the Caco-2 monolayer). The major de-
terminant of Se bioaccessibility and bioavailability in food
supplements seems to be their speciation, which sounds
coherent considering their simple matrix characteristics, es-
pecially for FS based on inorganic Se. Among the FS under
investigation, selenate-FS produced the highest fraction of
bioavailable Se, followed by yeast-FS. Selenite-FS appeared
to be of very low utility as only 1 % of its Se content was
bioavailable. In yeast-FS, the fraction of SeMet may be
crucial as it affects both bioaccessibility and bioavailability,
but in opposite ways. Compared to selenite and methylsele-
nocysteine, SeMet was less bioaccessible, but more bio-
available. Only Se from yeast accumulated in cells,
suggesting a potential long term beneficial effect of yeast-
FS compared to selenate-FS. Certainly, it became clear that
different kinds of food supplements will not have the same
efficiency in enhancing human Se status.
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