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Abstract

Introduction Selenium is important for human health. However, the selenium status and selenium intake of the German
population has not been recorded in a representative study so far.

Material and Methods Thus, literature from the last 50 years was screened in a systematic way and the results of various
studies were pulled together to shed light on the selenium status of the German population. Moreover, the selenium content
of selected food items that were either found on the German market or grown in Germany was researched and evaluated.
Results Of 3542 articles identified, 37 studies met the inclusion criteria. These 37 studies comprised a total of 8,010 healthy
adults living in Germany with a weighted arithmetic mean of 82 pg/l selenium in plasma or serum. The results will form
a basis for interpreting upcoming results from national food consumption surveys. Furthermore, 363 selenium values for
199 food items were identified out of 20 data sources—published or analysed between 2002 and 2019. An estimation of the

selenium intake of the German population will be possible with this data in future nutrition surveys.

Keywords Selenium status - German population - Selenium content of food - German nutrient database

Introduction

The trace element selenium is important for the human
health: both deficiency and excess will cause substantial
health problems. Only 60 years ago selenium was recog-
nised as being essential in the diet of animals and humans.
As part of selenoproteins, selenium plays a role in anti-
oxidant and anti-inflammatory regulations and in the pro-
duction of active thyroid hormones [1]. In 2008 Bleys et al.
described a U-shaped association of selenium status and
mortality with the lowest mortality rate at a serum sele-
nium concentration of 130-150 pg/l in American citizens

Marina Liaskos and Nicole Fark contributed equally.

D4 Marina Liaskos
Marina.Liaskos @mri.bund.de

Department of Physiology and Biochemistry of Nutrition,
Max Rubner-Institut (MRI) - Federal Research Institute
of Nutrition and Food, Haid-und-Neu-Strasse 9,

76131 Karlsruhe, Germany

Department of Nutritional Behaviour, Max Rubner-Institut
(MRI) - Federal Research Institute of Nutrition and Food,
Haid-und-Neu-Strasse 9, 76131 Karlsruhe, Germany

[2]. The conditions that have been associated with selenium
deficiency—commonly defined as plasma/ serum selenium
concentrations < 2040 pg/l—as well as selenium excess—
commonly defined as plasma/ serum selenium concentra-
tions > 140 pg/l—are listed in a recent review by Rayman
[3].

So far there is no large, representative study on the
selenium status of the German population, which makes
it difficult to evaluate whether the people in Germany are
adequately supplied. Only various smaller studies were car-
ried out over the last decades. In the latest German National
Nutrition Survey (NVS) II [4] the selenium intake of the
population was not assessed due to missing data for sele-
nium content of food items in the German Nutrient Database
‘Bundeslebensmittelschliissel’ (BLS) (version 3.02). This
database provides nutrient contents of around 15,000 food
items found on the German market and serves as a standard
instrument to calculate the nutrient intake in consumption
surveys in Germany. Before including a new nutrient vari-
able in the BLS, the data availability of this nutrient has to
be proved to be sufficient for providing quality-checked data
for all foods of the BLS. Due to the systematics of this nutri-
ent database, nutrients cannot be included for a selection of
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foods only, because no missing values are allowed. Currently
the BLS working group reviews whether in a future version
selenium can be included or whether there will be a supple-
mentary table for selenium for selected foods.

Unlike other minerals and trace elements selenium exists
as part of various compounds with different bioavailabili-
ties, metabolic pathways and half-lives. In food, selenium
is mostly present as selenite, selenomethionine (SeMet),
methylselenocysteine (MeSeCys) and selenocysteine
(SeCyS)—or proteins containing these [5—7]. The selenium
concentration of human and animal food varies widely
between geographical areas as the uptake of selenium in
plants depends on various factors [8—10]. In animal products
the selenium content is influenced by the natural selenium
content of the animal fodder and the amount of selenium
added as feed additives [11].

In consequence, the selenium content in food is highly
variable due to a number of particularities, making it chal-
lenging to state precise values of selenium content in spe-
cific food items. The literature search of selenium content
of selected foods that were either found on the German mar-
ket or grown in Germany discussed below was part of the
BLS review process. With this approach the planned NVS
III shall be enabled to provide representative information
on the selenium status as well as the selenium intake of the
German population.

Furthermore, literature from the last 50 years was
reviewed in a systematic way to shed light on the selenium
status of the German population and to form a basis to inter-
pret new results from upcoming national nutrition surveys.

Materials and methods

Literature review on the selenium status of people
living in Germany

Search strategy

The search strategy aimed to find published data on the sele-
nium status of the German population from 1970 up until
March 2021. It included articles obtained through Web of
Science, Embase, Pubmed, Scopus, Cochrane, opengrey
and grey literature searches. The search term used was
(“Nutritional Status[Mesh]” OR “concentr*” OR “level*”
OR “status”) AND (“Selenium[Mesh]” OR “selen*”) AND
“german*” AND “human*”. The search term was adjusted
to the different requirements of the used databases.

Data extraction

To provide reliable estimates for the selenium status in
recent decades, number of study participants, mean values
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of selenium in serum/ plasma and corresponding standard
deviations or standard errors, respectively, were extracted
from all eligible studies. For studies that did not provide
these numbers in the publication but seemed eligible—for
instance selenium data were only included as a graph, the
data was only stated as median or range, or a German sub-
group needed to be extracted out of a pool of participants
in a European data set—the corresponding authors were
contacted. Data of healthy control groups were used when
studies examined the selenium status in specific populations
with a certain disease. Where possible the data for men and
women were extracted separately.

Inclusion and exclusion criteria

Studies were included when they were published in Eng-
lish or German language as primary study to report the
selenium status plus standard deviation/ standard error in
blood plasma or blood serum of healthy individuals living
in Germany. Information on the selenium status in whole
blood samples was excluded for reasons of comparability. To
obtain results of general relevance, only values from healthy
adults over 18 years of age were used for the present review.
Studies were excluded if they did not provide extractable
data on selenium status in plasma or serum, only consisted
of a study group of less than 10 participants or of pregnant/
nursing women.

Intervention studies specifically examining selenium sup-
plementation were excluded or only control data used, as
these studies often use pharmaceutical doses. Most obser-
vational studies did not provide specific information on
selenium supplement use. However, some studies reported a
general use of supplements. For example, Burney [12]: 22%
of participants were taking vitamin or mineral supplements.
These studies were still included for following reasons: First,
no information was given on the exact mineral or vitamin
taken, second, the use of supplements is widespread in the
German population—about 28% of the adults in Germany
are taking dietary supplements [4]. Including these studies
gives a comprehensive estimate of the status of the German
population.

Studies that only provided a mean value without stand-
ard deviation or standard error—even after contacting the
author—were excluded as the accuracy of their reported
results could not been assessed properly. No available risk
of bias tool met the specific requirements of our study, thus
an own quality assessment was performed for all included
studies followed by a sensitivity analysis. The risk of bias
was estimated based on the following quality measures:
use of reference material/standards, performance of repeat
measurements, accuracy of analysis, recovery rate, preci-
sion of analysis, limit of quantification LOQ / limit of detec-
tion LOD, performance of interlaboratory comparison,
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accreditation of the laboratory and the representativeness of
the study population. All given parameters were considered
together to rate the risk of bias as low, moderate or serious.
Studies were classed as serious risk if they provided none or
only one of the chosen quality measures. An exemption here
are studies that were carried out by accredited laboratories
as this implies that certain standards are fulfilled. Further-
more, studies that provided two or three of the chosen qual-
ity measures were classed as moderate risk, while studies
with more than four given quality measures were classed as
low risk of bias. A sensitivity analysis was then performed
without the studies classified as serious risk of bias.

Statistical parameters

The quantitative data for selenium concentrations in blood
serum or plasma is provided in pg/l. Where necessary the
atomic weight of 78.97 was used to convert the extracted
data to the used selenium unit. Data shown as standard error
of the mean (SEM) in single studies were altered to standard
deviation (SD) with the formula SD =SEM * \/n Range
describes the smallest to the largest value of a given data set.

The weighted arithmetic mean was calculated with the
following formula to account for the number of study par-
ticipants with o; representing the weight (number of data
points) associated with the sample (the selenium concentra-
tion) X;:

221:1 wiX;

2?:1 Wi

The time period of sample collection often differed from
the year of publication in the found studies. When known,
the year of the examination or the midpoint of the examina-
tion period was used for the present study. Otherwise the
publication date was used or authors were asked for detailed
information.

Literature review on the selenium content of food
items

Search strategy

Selenium contents of food items were collected through lit-
erature search with Web of Science and Scopus. Pubmed and
Embase were not included as these databases tend to have
a rather medical focus. The search term consisted of "sele-
nium" combined with various food items or food groups.
Food items were selected if consumed frequently or in large
quantities in Germany based on the results of the NVS I and
its longitudinal equivalent NEMONIT. In addition, selenium
rich food items such as Brazil nuts were included as they
substantially contribute to the daily intake of selenium even

if they are only consumed occasionally. Relevant publica-
tions were identified through scanning titles and available
abstracts. Studies in English and German language were
considered. Besides, reports of the German Federal Office
of Consumer Protection and Food Safety (BVL) and the
German Federal Institute for Risk Assessment (BfR) were
screened.

Inclusion and exclusion criteria

Studies were selected when the investigated food samples
were bought on the German market or grown in Germany.
In addition, the samples had to refer to the edible part of
the food item and it had to be clear which part of the food
item was analysed, e.g., if the food item was peeled before
processing. The data had to be based on precisely described
analyses.

The quality of the collected data was evaluated based
on an adapted quality index developed by the European
Food Information Resource. The following categories were
assessed: Food description, component identification, sam-
pling plan, number of analytical samples, sample handling
and analytical method. Data which received a low quality
index were not considered [13].

Statistical parameters

Minimum, maximum, range and weighted arithmetic mean
for the selenium content of foods are presented in ug/ 100 g.
The applied weighting factor reflects the number of primary
samples which were used in the selenium analyses. To show
the relative contribution of specific foods to the reference
value for selenium of the German Nutrition Society (DGE,
60 pg/day for women and 70 pg/day for men) [14], the
weighted arithmetic mean of some collected food items is
shown in relation to the selenium intake per portion and its
contribution to the overall recommended selenium intake
based on the reference value. The portion sizes of nuts are
based on the food based dietary guidelines of the DGE [15].
For the other food items the quantity list “Monica Mengen-
liste” was preferably applied which was originated through
the WHO Monica Study [16]. The list was compiled spe-
cifically for the calculation related to portion and household
sizes, respectively. When no data were found the portion
sizes of the BLS (version 3.02) were used.

Results
Selenium status in Germany

Of 3542 articles identified until March 2021, 37 studies with
47 data points were included in this review (see Fig. 1 and
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Table S1 for details). These 37 studies comprised a total of
8010 healthy adults living in Germany with a mean sele-
nium concentration in plasma or serum of 79 pg/l, ranging
from 61 pg/l to 107 pg/l. To account for the number of par-
ticipants per study, the weighted arithmetic mean of 82 pg/l
selenium in plasma or serum for the 8010 healthy adults
living in Germany was calculated.

Based on the risk of bias assessment, 10 studies were
evaluated to have a serious risk of bias, whereas all other
studies showed either a moderate (n=22) or low (n=35)
risk of bias (Table S2). In a sensitivity analysis where we
excluded all studies with a serious risk of bias, the arith-
metic mean was robust and remained at 82 pg/l selenium
in plasma or serum. Therefore, all studies were included to
have a wider range of data points distributed over the last
decades.

No study provided representative results to the German
population since none of the included studies applied a rep-
resentative, population-based sampling procedure when
recruiting study participants.

Mean serum/ plasma selenium concentration for men
was available from 16 studies and the arithmetic mean was
80 pg/l (range: 60-90 pg/l) for 2256 men. Mean serum/
plasma selenium concentration for women was available
from 14 studies and the arithmetic mean was 84 pg/l (range:
64-94 ng/l) for 4,124 women.

The literature was screened from 1970 to March 2021
with the earliest study found dating back from 1983. Inves-
tigations from 1983 to 1990 showed an arithmetic mean of
serum/ plasma selenium concentration of 74 pg/l, from 1991
to 2000 of 83 pg/l, from 2001 to 2010 of 73 pg/l and from
2011 to 2020 of 88 pg/l.

Selenium content of food items

Out of 20 data sources 363 selenium contents for 199 differ-
ent food items were identified (see Table S3). The data were
published or analysed between 2002 and 2019. Before 2002
no eligible publication could be found. The majority of sele-
nium data was collected from the BVL National Monitoring
(2002-2019). Most data were available for vegetables (84
values for 36 different food items), fruits (54 values for 30
food items), meat and meat products (45 values for 25 food
items) and fish and seafood (33 values for 19 food items).

The Brazil nut is the food item with the highest selenium
content with a weighted arithmetic mean of 277 pg/ 100 g.
It is followed by offal: pork kidney 221 pg/ 100 g (range
220-223 pg/ 100 g), beef kidney 123 pg/ 100 g (range
118-154 pg/ 100 g) and veal kidney 98.6 pg/ 100 g. Fur-
thermore, the food group “fishes and seafood” shows nota-
ble selenium contents. The highest content (71.7 ug/ 100 g,
range 63.9-81.8 pug/ 100 g) in this group was reported for
tuna.

The contribution of different food items to achieve the
reference value of selenium intake varies widely (Table 1).
As a calculation example the recommended daily intake of
70 pg for men and 60 pg for women can be covered with
a portion (125 g) of pork liver (100% for men and 116%
for women) or with a handful (25 g) of Brazil nuts (99%
or 115%, respectively). 154% (men) and 179% (women) of
the recommended intake will be achieved with a portion of
tuna (150 g). The highest intake per portion (125 g) provides
pork kidney (395% or 461%, respectively). Against these
food items, an apple (115 g) can only obtain 3% (men) and
4% (women) to the recommended daily selenium intake. A
contribution between 17 to 32% of these recommendations
can be covered with a portion of eggs, mushrooms or meat
(beef, pork, veal).

Discussion
Selenium status of the German population

This is the first time that data from various studies were
combined in a systematic way to estimate the selenium sta-
tus of the German population. Pulling together the avail-
able data indicates an average selenium concentration of
82 pg/l (weighted arithmetic mean) in plasma or serum for
a total number of 8010 healthy adults living in Germany.
Even though no study representative to the whole German
population could be included in the present review, the com-
bination of many different subgroups gives an idea of the
approximate selenium status of the German population.

A comprehensive review by Fairweather-Tait et al. [5]
concluded that an adequate selenium status lies within the
range of 60 to 140 pg/l in serum or plasma. The authors
combined various associations of selenium status and
health parameters from the published literature. Deficiency
diseases are shown with a selenium level under 20—40 pg/l
— for example, Keshan disease or Kashin—Beck disease. A
selenium status over 65 pg/l leads to an optimisation of iodo-
thyronine deiodinases activity, and over 79—124 pg/l to an
optimisation of glutathione peroxidase and selenoprotein P
activity [35-37]. Further studies suggest a reduction in total
mortality or protection against some cancers [5, 38, 39].
In contrast, a Cochrane review including 10 randomized
controlled trials (with a total of 27,232 participants) and
70 observational studies (with over 2,360,000 participants)
from 2018 investigated the effect of selenium exposure on
cancer risk and did not observe a beneficial effect of sele-
nium supplements on cancer risk [40]. Toxic effects are seen
from around 150 pg/1 [5, 35]. As mentioned in the introduc-
tion, Bleys et al. [2] presented the U-shaped relationship
between selenium and mortality—the optimal selenium sta-
tus with the lowest mortality risk was shown between 130

@ Springer
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Table 1 (continued)

Recommended References

Intake
intake

Minimum  Maximum Range Portion size (g)

Weighted

Number

Food item

Food group

(ug/portion)

(ug/ 100 g)  (ug/ 100 g)

(ug/ 100 g)

arithmetic mean
(ng/ 100 )

of primary
samples

(%/portion)

Men Women

[18, 24, 32]
[17,29]
(23, 32]

76
39
39
179

65

454

7.13 100
5.1

48.4

41.3

45.4

134
227
220
226
63

Crab

Fish

34
33
154

23.6

150

18.6

135

15.7

Salmon

234
107

18.8 6.67 150
17.9

81.8

12.2

15.6

Rainbow trout

[26, 28, 31]

150

63.9

71.7

Tuna

[32]

25

21

14.8

75
330
200

19.7

Trout smoked

[22, 34]

7
3

11

4.44
1.66
6.53
2.18

0.83
0.81

2.00
1.30

1.17

0.49

1.34
0.83
32.6

318
313

13
259

Beer

Beverages

[25, 28, 33]
[32]

Orange juice
Chocolate

20
20

Sweets

[24, 26]

4

13.8 5.76

8.06

10.9

Dark chocolate

*Blanks mean no data available

and 150 pg/l. 13,887 adult participants were examined and
followed up for 12 years as part of the US Third National
Health and Nutrition Examination Survey for this study [2].
These results were verified by Goyal et al. [41]. However,
they cannot be generalised to the rest of the world as they
were obtained in North America, where the average daily
intake of selenium is considerably higher compared to other
countries due to the higher selenium content of foods as a
result of various reasons such as selenium content of the soil,
pH of the soil and other factors [8].

The U-shaped relationship between selenium status and
its health effects might not be sufficient to explain the inter-
individual differences in the effect of selenium on health.
Different requirements might exist in populations and indi-
viduals. Rayman [3] recently discussed four reasons for the
fact that certain populations and people have different sele-
nium requirements and can tolerate low or high selenium
intakes better than others:

1. Single nucleotide polymorphisms in genes might
improve the ability to metabolise high or low selenium.

2. Populations exposed to harmful elements show no or
even beneficial effects of high selenium status. The Inuit
in Canada are, for example, exposed to high amounts
of mercury as their diets consist primarily of marine
mammals and fish. They also show a high mean blood
selenium level of 319.5 pg/l. The high selenium sta-
tus proved to have protective effects on odds ratios for
hypertension, stroke and myocardial infarction associ-
ated with mercury exposure.

3. The dose and form of selenium determines if the overall
effect is beneficial or harmful.

4. The gut microbiota might have a regulating func-
tion. Exposure to high amounts of selenium in early
life might, for example, alter the composition of the
gut microbiota in a way that selenium is more readily
excreted.

Variation of the selenium status over the last 40 years

The earliest studies found in this literature search were
conducted in the 1980s. The selenium status over the last
40 years does not follow an apparent pattern. The variations
might be due to changes of available food items on the mar-
ket. An example would be the effect of a reduced import of
North American wheat for breadmaking flour in the 1970s,
which might have negatively influenced the selenium status
in some populations in the European regions [42] or the
increase of serum selenium concentrations in women living
in Dresden after the German reunification seen by Bergmann
et al. [43]. Seasonal differences of the selenium status might
also influence the results as seasonal fluctuations of sele-
nium have been shown in plants accumulating selenium [44].
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Many other factors influence how selenium moves through
the soil-plant—atmosphere interface [45] and might impact
the selenium status of a population.

Another reason could be the different age ranges used in
the studies. A decline of selenium bioavailability was shown
to occur with increasing age by Olivieri [46] and Baudry
[47]. Furthermore, differences in the selenium supply could
occur due to environmental influences on the selenium
uptake by plants. Rayman [42] discussed a possible influ-
ence of acid rain or excessive artificial fertilisation of the
soil, which reduces plant absorption of selenium. Jones et al.
[48] highlighted the importance of the soil-plant interac-
tions as main factor controlling selenium bioavailability in
the human diet and predicted a substantial decrease of soil
selenium particularly in agriculture areas until 2080-2099
using moderate climate change predictions.

Gender differences

Arithmetic mean of the selenium status was 80 pg/l for
2,256 men and 84 pg/l for 4124 women. The results are
comparable to the results of the EPIC cohort [38] and both
values are within the range of adequate supply according to
Fairweather-Tait et al. [5].

However, a few studies suggest that women are more sus-
ceptible to the onset of certain health conditions associated
with low or high selenium levels. A study by Arnaud et al.
[49] implies that in women, the onset of metabolic syndrome
is associated with higher plasma selenium concentrations
but not in men. Hughes et al. [38] demonstrated a significant
association between lower selenium levels and the risk to
develop colorectal cancer in women, while this association
was not significant for men.

Variation of selenium contents in food items

Considering all the facts discussed so far, it becomes clear
that it is an enormous challenge to integrate selenium data
in nutrient databases, such as the BLS. The selenium content
in plant-based foods varies due to considerable differences
in the soil selenium. Meat products are affected through the
selenium content of the plants/ soils plus the selenium sup-
plementation of specific fodder [11]. Therefore, data of other
parts of the world are not applicable for Germany which
makes it difficult to compose representative data.

The high variations in the selenium content in one and
the same plant species can be clearly demonstrated using the
Brazil nut which is characterised by a naturally high sele-
nium content [50]. The selenium content of the Brazil nut is
by far the highest in this literature research with a weighted
arithmetic mean of 277 ug/ 100 g. This result is similar to
the analyses of Moreda-Pifieiro [51] with 254 pg/ 100 g
in samples originating from Spain and Barclay et al. [52]
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with 300 pg/ 100 g in samples originating from the UK.
However, in comparison to other studies these values are
low: Three Brazilian studies report contents from 2270
to 3370 pg/ 100 g [53-55]. On the other hand, a value of
78.5 pg/ 100 g for Brazil nuts from Vietnam was found [56].

Thomson et al. [50] emphasized the importance of these
nuts as a relevant selenium source. The authors clarified
that the daily consumption of two Brazil nuts (average
weight of 4.1 g per nut with a defined selenium content of
640 pg/ 100 g) has a notable impact of the selenium status.
Due to the high variance of the amount of selenium in these
nuts it is, however, difficult to give an exact recommenda-
tion and an over-consuming of selenium could be possible
especially with the consumption of those Brazil nuts with
higher selenium contents. The DGE recommends a handful
of mixed nuts per day which corresponds to a portion of
25 g [15].

Meat is also a substantial selenium source. Through the
supplementation of fodder, meat has considerable selenium
contents even in countries with a selenium poor ground [11].
In Austria Stiickler et al. [11] analysed meat with similar
results to this review: beef 8.5 ug/ 100 g (8.00 ug/ 100 g)
and pork 15.4 pg/ 100 g (12.6 pg/ 100 g). Offal contain high
levels of selenium, but are rarely consumed nowadays. Fur-
thermore, the food items of the group fish and seafoods such
as mussels or crabs have comparably high selenium contents
[18, 20, 24, 32]. A regular fish consumption may, therefore,
contribute to an adequate selenium status. The DGE [15]
recommends to consume fish one or two times a week. In
contrast, vegetables and fruits are rather negligible selenium
sources. In general, animal-based food items show higher
selenium contents than plant-based food items.

The implementation of these literature-based data in the
nutrient database will offer the opportunity to select the type
and calculate the amount of food items necessary to achieve
the reference values for selenium intake in Germany. Fur-
thermore, this will support future consumption studies—
such as the NVS III—to estimate the actual selenium intake
of the German population and to evaluate which foods sig-
nificantly contribute to the selenium intake in Germany.

Conclusions

German nutrition surveys have not covered the selenium
intake of participants in the past, since the data on selenium
content of food items in applicable nutrient databases were
not available for methodical reasons. Therefore, literature
from 1970 up until March 2021 was reviewed in a systematic
way to display the selenium status of the German popula-
tion over this time span and to form a basis to interpret new
results. Considering our results and the present literature,
the majority of adults in Germany seem to be adequately
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supplied with selenium. However, even if the weighted
arithmetic mean of the 37 investigated studies indicates an
acceptable selenium status of 82 ug/l in plasma/ serum for a
total of 8,010 healthy adults living in Germany, most likely
not everyone in Germany will be sufficiently supplied. The
planned NVS II with over 10,000 participants will provide
highly needed information on the selenium status of the Ger-
man population in general and of various subgroups (e. g.
those following a vegan or vegetarian diet) by determining
selenium in blood samples.

Furthermore, the selenium content of selected food items
that were either found on the German market or grown in
Germany was researched and evaluated. The availability of
selenium data offers the opportunity to include those in the
German Nutrient Database and to estimate the selenium
intake of the German population as well as to identify the
major selenium sources in future nutrition surveys such as
the mentioned NVS III. Moreover, we will be able to further
research the link between selenium intake and selenium sta-
tus in the planned study.
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Acknowledgements We would like to thank all researchers who kindly
contributed relevant data after being contacted. Furthermore, we thank
Dr. Carolin Krems and Prof. Dr. Ingrid Hoffmann (both Max Rubner-
Institut, Department of Nutritional Behaviour, Karlsruhe) and Dr. Ralf
Kriiger (Max Rubner-Institut, Department of Physiology and Biochem-
istry of Nutrition, Karlsruhe) for valuable comments and suggestions.

Authors contributions All authors contributed to the study concep-
tion and design. Conceptualization was initiated by BWatzl. Literature
search, data collection and analysis were performed by ML and NF.
The first draft of the manuscript was written by ML and NF and all
authors commented on previous versions of the manuscript. All authors
read and approved the final manuscript.

Funding Open Access funding enabled and organized by Pro-
jekt DEAL. Funded by the German Federal Ministry of Food and
Agriculture.

Data availability Not applicable.

Code availability Not applicable.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval Not applicable.
Consent to participate Not applicable.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Rayman MP (2012) Selenium and human health. Lancet. https://
doi.org/10.1016/s0140-6736(11)61452-9

2. BleysJ, Navas-Acien A, Guallar E (2008) Serum selenium lev-
els and all-cause, cancer, and cardiovascular mortality among
US adults. Arch Intern Med 168(4):404—410. https://doi.org/10.
1001/archinternmed.2007.74

3. Rayman MP (2020) Selenium intake, status, and health: a com-
plex relationship. Hormones (Athens) 19(1):9-14. https://doi.
org/10.1007/s42000-019-00125-5

4. MRI (2008) Nationale Verzehrsstudie II. Ergebnisbericht, Teil
2. Die bundesweite Befragung zur Ernéhrung von Jugendlichen
und Erwachsenen.

5. Fairweather-Tait SJ, Bao Y, Broadley MR, Collings R, Ford
D, Hesketh JE, Hurst R (2011) Selenium in human health and
disease. Antioxid Redox Signal 14(7):1337-1383. https://doi.
org/10.1089/ars.2010.3275

6. Rayman MP (2008) Food-chain selenium and human health:
emphasis on intake. Brit J Nutr 100(2):254-268. https://doi.org/
10.1017/S0007114508939830

7. Weekley CM, Harris HH (2013) Which form is that? The impor-
tance of selenium speciation and metabolism in the prevention
and treatment of disease. Chem Soc Rev 42(23):8870-8894.
https://doi.org/10.1039/c3cs60272a

8. Johnson CC, Fordyce FM, Rayman MP (2010) Symposium on
“geographical and geological influences on nutrition”: factors
controlling the distribution of selenium in the environment and
their impact on health and nutrition. Proc Nutr Soc. https://doi.
org/10.1017/50029665109991807

9. Nancharaiah YV, Lens PN (2015) Ecology and biotechnology of
selenium-respiring bacteria. Microbiol Mol Biol Rev 79(1):61—
80. https://doi.org/10.1128/mmbr.00037-14

10. Natasha N, Shahid M, Niazi N, Khalid S, Murtaza B, Bibi I,
Rashid M (2018) A critical review of selenium biogeochemical
behavior in soil-plant system with an inference to human health.
Environ Pollut 234:915-934. https://doi.org/10.1016/j.envpol.
2017.12.019

11. Stiickler R, Mandl J, Fuchs K, Strimitzer T, Hofrichter J, Win-
disch W (2010) Selen-Konzentration im Fleisch von Rindern,
Mastschweinen, Masthiihnern und Puten aus Osterreichischer
Erzeugung. Erndhrung/Nutrition 34(3):101-114

12. Burney P, Potts J, Makowska J, Kowalski M, Phillips J, Gnatiuc
L, Shaheen S, Joos G, Van Cauwenberge P, Van Zele T, Ver-
bruggen K, Van Durme Y, Derudder I, Wohrl S, Godnic-Cvar J,
Salameh B, Skadhauge L, Thomsen G, Zuberbier T, Bergmann
KC, Heinzerling L, Renz H, Al-Fakhri N, Kosche B, Hildenberg
A, Papadopoulos NG, Xepapadaki P, Zannikos K, Gjomarkaj M,
Bruno A, Pace E, Bonini S, Bresciani M, Gramiccioni C, Fok-
kens W, Weersink EJM, Carlsen KH, Bakkeheim E, Loureiro

@ Springer


https://doi.org/10.1007/s00394-022-02990-0
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0140-6736(11)61452-9
https://doi.org/10.1016/s0140-6736(11)61452-9
https://doi.org/10.1001/archinternmed.2007.74
https://doi.org/10.1001/archinternmed.2007.74
https://doi.org/10.1007/s42000-019-00125-5
https://doi.org/10.1007/s42000-019-00125-5
https://doi.org/10.1089/ars.2010.3275
https://doi.org/10.1089/ars.2010.3275
https://doi.org/10.1017/S0007114508939830
https://doi.org/10.1017/S0007114508939830
https://doi.org/10.1039/c3cs60272a
https://doi.org/10.1017/s0029665109991807
https://doi.org/10.1017/s0029665109991807
https://doi.org/10.1128/mmbr.00037-14
https://doi.org/10.1016/j.envpol.2017.12.019
https://doi.org/10.1016/j.envpol.2017.12.019

80

European Journal of Nutrition (2023) 62:71-82

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

C, Villanueva CM, Sanjuas C, Zock JP, Lundback B, Janson C
(2008) A case-control study of the relation between plasma sele-
nium and asthma in European populations: A GA2LEN project.
Allergy 63(7):865-871. https://doi.org/10.1111/j.1398-9995.
2008.01716.x

European Food Information Resource Guidelines for Quality
Index attribution to original data from scientific literature or
reports for EuroFIR data interchange. https://www.eurofir.org/
guidelines-for-quality-index-attribution-to-original-data-from-
scientific-literature-or-reports-for-eurofir-data-interchange/.
Kipp AP, Strohm D, Brigelius-Flohe R, Schomburg L, Bechthold
A, Leschik-Bonnet E, Heseker H, German Nutr Soc DGE (2015)
Revised reference values for selenium intake. J Trace Elem Med
Biol 32:195-199. https://doi.org/10.1016/j.jtemb.2015.07.005
Deutsche Gesellschaft fiir Erndhrung (2017) Vollwertig essen
und trinken nach den 10 Regeln der DGE. https://www.dge.de/
ernachrungspraxis/vollwertige-ernachrung/10-regeln-der-dge/.
Accessed 14.05 2021.

Dinauer M, Winkler A, Winkler G (1991) Monica-Mengenliste.
https://www.ble-medienservice.de/0654/monica-mengenliste.
BVL (2016) Report on food safety 2014 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2021) Report on food safety 2019 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2017) Report on food safety 2016 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2015) Report on food safety 2013 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2011) Report on food safety 2010 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2008) Report on food safety 2007 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2016) Report on food safety 2015 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2013) Report on food safety 2012 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga

Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2011) Report on food safety 2009 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2007) Report on food safety 2006 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2004) Report on food safety 2003 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2020) Report on food safety 2018 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2007) Report on food safety 2005 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2018) Report on food safety 2017 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2013) Report on food safety 2011 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2009) Report on food safety 2008 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_
monitoring_node.html

BVL (2005) Report on food safety 2004 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

BVL (2004) Report on food safety 2002 - Monitoring. Federal
Office of Consumer Protection and Food Safety (BVL - Bunde-
samt fiir Verbraucherschutz und Lebensmittelsicherheit) https://
www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufga
ben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/Im_
monitoring_node.html

Thomson CD (2004) Assessment of requirements for selenium
and adequacy of selenium status: a review. Eur J Clin Nutr
58(3):391-402. https://doi.org/10.1038/sj.ejen. 1601800


https://doi.org/10.1111/j.1398-9995.2008.01716.x
https://doi.org/10.1111/j.1398-9995.2008.01716.x
https://www.eurofir.org/guidelines-for-quality-index-attribution-to-original-data-from-scientific-literature-or-reports-for-eurofir-data-interchange/
https://www.eurofir.org/guidelines-for-quality-index-attribution-to-original-data-from-scientific-literature-or-reports-for-eurofir-data-interchange/
https://www.eurofir.org/guidelines-for-quality-index-attribution-to-original-data-from-scientific-literature-or-reports-for-eurofir-data-interchange/
https://doi.org/10.1016/j.jtemb.2015.07.005
https://www.dge.de/ernaehrungspraxis/vollwertige-ernaehrung/10-regeln-der-dge/
https://www.dge.de/ernaehrungspraxis/vollwertige-ernaehrung/10-regeln-der-dge/
https://www.ble-medienservice.de/0654/monica-mengenliste
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/02_AmtlicheLebensmittelueberwachung/04_Monitoring/lm_monitoring_node.html
https://doi.org/10.1038/sj.ejcn.1601800

European Journal of Nutrition (2023) 62:71-82

81

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Hurst R, Armah CN, Dainty JR, Hart DJ, Teucher B, Goldson
AJ, Broadley MR, Motley AK, Fairweather-Tait SJ (2010) Estab-
lishing optimal selenium status: results of a randomized, double-
blind, placebo-controlled trial. Am J Clin Nutr 91(4):923-931.
https://doi.org/10.3945/ajcn.2009.28169

Xia Y, Hill KE, Li P, Xu J, Zhou D, Motley AK, Wang L, Byrne
DW, Burk RF (2010) Optimization of selenoprotein P and other
plasma selenium biomarkers for the assessment of the selenium
nutritional requirement: a placebo-controlled, double-blind study
of selenomethionine supplementation in selenium-deficient Chi-
nese subjects. Am J Clin Nutr 92(3):525-531. https://doi.org/10.
3945/ajcn.2010.29642

Hughes DJ, Fedirko V, Jenab M (2015) Selenium status is associ-
ated with colorectal cancer risk in the european prospective inves-
tigation of cancer and nutrition cohort. Int J Cancer. https://doi.
org/10.1002/ijc.29071

Hughes DJ, Duarte-Salles T, Hybsier S, Trichopoulou A, Stepien
M, Aleksandrova K, Overvad K, Tjgnneland A, Olsen A, Aftret
A, Fagherazzi G, Boutron-Ruault MC, Katzke V, Kaaks R, Boe-
ing H, Bamia C, Lagiou P, Peppa E, Palli D, Krogh V, Panico
S, Tumino R, Sacerdote C, Bueno-de-Mesquita HB, Peeters PH,
Engeset D, Weiderpass E, Lasheras C, Agudo A, Sanchez MJ,
Navarro C, Ardanaz E, Dorronsoro M, Hemmingsson O, Ware-
ham NJ, Khaw KT, Bradbury KE, Cross AJ, Gunter M, Riboli E,
Romieu I, Schomburg L, Jenab M (2016) Prediagnostic selenium
status and hepatobiliary cancer risk in the European prospective
investigation into cancer and nutrition cohort. Am J Clin Nutr
104(2):406-414. https://doi.org/10.3945/ajen.116.131672
Vinceti M, Filippini T, Del Giovane C, Dennert G, Zwahlen M,
Brinkman M, Zeegers MP, Horneber M, D’Amico R, Crespi CM
(2018) Selenium for preventing cancer. Cochrane Database Syst
Rev. https://doi.org/10.1002/14651858.CD005195.pub4

Goyal A, Terry MB, Siegel AB (2013) Serum antioxidant nutri-
ents, Vitamin A, and Mortality in U.S Adults. Cancer Epidemiol
Biomark Prev 22(12):2202-2211. https://doi.org/10.1158/1055-
9965.Epi-13-0381

Rayman MP (1997) Dietary selenium: time to act. BMJ
314(7078):387-388. https://doi.org/10.1136/bm;j.314.7078.387
Bergmann S, Neumeister V, Siekmeier R, Mix C, Wahrburg U,
Jaross W (1998) Food supply abundant increase of serum sele-
nium concentrations in middle-aged Dresden women between
1990 and 1996. DRECAN-Team. Dresden cardiovascular risk and
nutrition. Toxicol Lett 96-97:181-187. https://doi.org/10.1016/
s0378-4274(98)00067-8

Galeas ML, Zhang LH, Freeman JL, Wegner M, Pilon-Smits EA
(2007) Seasonal fluctuations of selenium and sulfur accumula-
tion in selenium hyperaccumulators and related nonaccumulators.
New Phytol 173(3):517-525. https://doi.org/10.1111/j.1469-8137.
2006.01943.x

Winkel LH, Vriens B, Jones GD, Schneider LS, Pilon-Smits E,
Baiiuelos GS (2015) Selenium cycling across soil-plant-atmos-
phere interfaces: a critical review. Nutrients 7(6):4199-4239.
https://doi.org/10.3390/nu7064199

Olivieri O, Stanzial AM, Girelli D, Trevisan MT, Guarini P, Terzi
M, Caffi S, Fontana F, Casaril M, Ferrari S et al (1994) Selenium
status, fatty acids, vitamins A and E, and aging: the Nove Study.
Am J Clin Nutr 60(4):510-517. https://doi.org/10.1093/ajcn/60.4.
510

Baudry J, Kopp JF, Boeing H, Kipp AP, Schwerdtle T, Schulze
MB (2020) Changes of trace element status during aging: results
of the EPIC-Potsdam cohort study. Eur J Nutr 59(7):3045-3058.
https://doi.org/10.1007/s00394-019-02143-w

Jones GD, Droz B, Greve P, Gottschalk P, Poffet D, McGrath SP,
Seneviratne SI, Smith P, Winkel LHE (2017) Selenium deficiency
risk predicted to increase under future climate change. Proc Natl

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Acad Sci 114(11):2848-2853. https://doi.org/10.1073/pnas.16115
76114

Arnaud J, de Lorgeril M, Akbaraly T, Salen P, Arnout J, Cappuc-
cio FP, van Dongen MC, Donati MB, Krogh V, Siani A, Iacoviello
L (2012) Gender differences in copper, zinc and selenium status
in diabetic-free metabolic syndrome European population - the
IMMIDIET study. Nutr Metab Cardiovasc Dis 22(6):517-524.
https://doi.org/10.1016/j.numecd.2010.09.005

Thomson CD, Chisholm A, McLachlan SK, Campbell JM (2008)
Brazil nuts: an effective way to improve selenium status. Am J
Clin Nutr 87(2):379-384

Moreda-Pineiro J, Herbello-Hermelo P, Dominguez-Gonzalez
R, Bermejo-Barrera P, Moreda-Pineiro A (2016) Bioavailability
assessment of essential and toxic metals in edible nuts and seeds.
Food Chem 205:146-154. https://doi.org/10.1016/j.foodchem.
2016.03.006

Barclay MNI, MacPherson A, Dixon J (1995) Selenium content of
arange of UK Foods. ] Food Compost Anal 8(4):307-318. https://
doi.org/10.1006/jfca.1995.1025

Pacheco AM, Scussel VM (2007) Selenium and aflatoxin levels
in raw Brazil nuts from the Amazon basin. J Agric Food Chem
55(26):11087-11092. https://doi.org/10.1021/jf072434k

Martins M, Pacheco AM, Lucas ACS, Andrello AC, Appoloni CR,
Xavier JJM (2012) Brazil nuts: determination of natural elements
and aflatoxin. Acta Amazon 42:157-164

Lemire M, Fillion M, Barbosa F, Guimaraes JRD, Mergler D
(2010) Elevated levels of selenium in the typical diet of Amazo-
nian riverside populations. Sci Total Environ 408(19):4076-4084.
https://doi.org/10.1016/j.scitotenv.2010.05.022

Tosic SB, Mitic SS, Velimirovic DS, Stojanovic GS, Pavlovic AN,
Pecev-Marinkovic ET (2015) Elemental composition of edible
nuts: fast optimization and validation procedure of an ICP-OES
method. J Sci Food Agric 95(11):2271-2278. https://doi.org/10.
1002/jsfa.6946

Oster O, Prellwitz W, Kasper W, Meinertz T (1983) Congestive
cardiomyopathy and the selenium content of serum. Clin Chim
Acta 128(1):125-132. https://doi.org/10.1016/0009-8981(83)
90062-1

Oster O, Drexler M, Schenk J (1986) The serum selenium con-
centration of patients with acute myocardial infarction. Ann Clin
Res 18(1):36-42

Thorling EB, Overvad K, Geboers J (1986) Selenium status in
Europe - Human data a multicenter study. Ann Clin Res 18(1):3-7
Oster O, Schmiedel G, Prellwitz W (1988) Correlations of blood
selenium with hematological parameters in West German adults.
Biol Trace Elem Res 15:47-81. https://doi.org/10.1007/bf029
90126

Scheppach W, Wehner F, Bartram P, Schramel P, Kasper H (1988)
Metabolic and nutritional parameters in patients after colonic pol-
ypectomy. Digestion 41(2):94-100. https://doi.org/10.1159/00019
9737

Oster O, Dahm M, Oelert H, Prellwitz W (1989) Concentrations
of some trace elements (Se, Zn, Cu, Fe, Mg, K) in blood and
heart tissue of patients with coronary heart disease. Clin Chem
35(5):851-856

Reinhold U, Biltz H, Bayer W, Schmidt KH (1989) Serum sele-
nium levels in patients with malignant melanoma. Acta Derm
Venereol 69(2):132-136

Schmidt A, Linb G, Klagge M, Bach W, Lenski KH (1991) Sele-
nium and glutathione peroxidase during and after PUVA therapy
of psoriasis. H+G Zeitschrift fur Hautkrankheiten 66(5):408-414
Rokitzki L, Logemann E, Keul J (1993) The selenium supply and
the glutathione peroxidase activity of marathon runners at rest
and during exercise. Schweizerische Zeitschrift fur Sportmedizin
41(1):21-27

@ Springer


https://doi.org/10.3945/ajcn.2009.28169
https://doi.org/10.3945/ajcn.2010.29642
https://doi.org/10.3945/ajcn.2010.29642
https://doi.org/10.1002/ijc.29071
https://doi.org/10.1002/ijc.29071
https://doi.org/10.3945/ajcn.116.131672
https://doi.org/10.1002/14651858.CD005195.pub4
https://doi.org/10.1158/1055-9965.Epi-13-0381
https://doi.org/10.1158/1055-9965.Epi-13-0381
https://doi.org/10.1136/bmj.314.7078.387
https://doi.org/10.1016/s0378-4274(98)00067-8
https://doi.org/10.1016/s0378-4274(98)00067-8
https://doi.org/10.1111/j.1469-8137.2006.01943.x
https://doi.org/10.1111/j.1469-8137.2006.01943.x
https://doi.org/10.3390/nu7064199
https://doi.org/10.1093/ajcn/60.4.510
https://doi.org/10.1093/ajcn/60.4.510
https://doi.org/10.1007/s00394-019-02143-w
https://doi.org/10.1073/pnas.1611576114
https://doi.org/10.1073/pnas.1611576114
https://doi.org/10.1016/j.numecd.2010.09.005
https://doi.org/10.1016/j.foodchem.2016.03.006
https://doi.org/10.1016/j.foodchem.2016.03.006
https://doi.org/10.1006/jfca.1995.1025
https://doi.org/10.1006/jfca.1995.1025
https://doi.org/10.1021/jf072434k
https://doi.org/10.1016/j.scitotenv.2010.05.022
https://doi.org/10.1002/jsfa.6946
https://doi.org/10.1002/jsfa.6946
https://doi.org/10.1016/0009-8981(83)90062-1
https://doi.org/10.1016/0009-8981(83)90062-1
https://doi.org/10.1007/bf02990126
https://doi.org/10.1007/bf02990126
https://doi.org/10.1159/000199737
https://doi.org/10.1159/000199737

82

European Journal of Nutrition (2023) 62:71-82

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

Winnefeld K, Dawczynski H, Bosseckert H, Kauf E, Thiele R,
Peiker G, Weiland G (1993) Serum- and whole blood selenium
in certain diseases. J Trace Elem Med Biol 10(2):90-92
Makropoulos W, Papadogianakis G, Jakobi N, Schmutzler F
(1994) Fast and sensitive method for selenium measurement in
serum by graphit furnace atom absorptions-spectrometry. Wis-
senschaft und Umwelt 3—4:133-138

Rokitzki L, Logemann E, Sagredos AN, Murphy M, Wetzel-
Rothl W, Keul J (1994) Lipid peroxidation and antioxidative
vitamins under extreme endurance stress. Acta Physiol Scand
150(5):149-158

Thiele R, Schuffenhauer M, Winnefeld K, Dawcynski H, Pleissner
J, Pfeifer R (1995) Selenium level in patients with acute myocar-
dial infarct and in patients with severe angina pectoris without
myocardial infarct. Med Klin (Munich) 90(Suppl 1):45-48
Bonomini M, Forster S, Manfrini V, De Risio F, Steiner M,
Vidovich MI, Klinkmann H, Ivanovich P, Albertazzi A (1996)
Geographic factors and plasma selenium in uremia and dialysis.
Nephron 72(2):197-204. https://doi.org/10.1159/000188842
Cabral M, Kuxhaus O, Eichelmann F, Kopp JF, Alker W, Hackler
J, Kipp AP, Schwerdtle T, Haase H, Schomburg L, Schulze MB
(2021) Trace element profile and incidence of type 2 diabetes, car-
diovascular disease and colorectal cancer: results from the EPIC-
Potsdam cohort study. Eur J Nutr 60(6):3267-3278. https://doi.
0rg/10.1007/s00394-021-02494-3

Look MP, Rockstroh JK, Rao GS, Kreuzer KA, Barton S, Lemoch
H, Sudhop T, Hoch J, Stockinger K, Spengler U, Sauerbruch T
(1997) Serum selenium, plasma glutathione (GSH) and eryth-
rocyte glutathione peroxidase (GSH-Px)-levels in asymptomatic
versus symptomatic human immunodeficiency virus-1 (HIV-
1)-infection. Eur J Clin Nutr 51(4):266-272. https://doi.org/10.
1038/sj.ejcn. 1600401

Steinbrecher A, Méplan C, Hesketh J, Schomburg L, Endermann
T, Jansen E, Akesson B, Rohrmann S, Linseisen J (2010) Effects
of selenium status and polymorphisms in selenoprotein genes on
prostate cancer risk in a prospective study of European men. Can-
cer Epidemiol Biomark Prev 19(11):2958-2968. https://doi.org/
10.1158/1055-9965.EPI-10-0364

Look MP, Rockstroh JK, Rao GS, Kreuzer KA, Spengler U, Sau-
erbruch T (1997) Serum selenium versus lymphocyte subsets
and markers of disease progression and inflammatory response
in human immunodeficiency virus-1 infection. Biol Trace Elem
Res 56(1):31-41. https://doi.org/10.1007/bf02778982

MeiBner D (1997) Reference value of selenium in whole blood
and blood serum in the area of Dresden. Med Klin 92(SUPPL.
3):41-42

Riikgauer M, Klein J, Kruse-Jarres JD (1997) Reference values for
the trace elements copper, manganese, selenium, and zinc in the
serum/plasma of children, adolescents, and adults. J Trace Elem
Med Biol 11(2):92-98. https://doi.org/10.1016/S0946-672X(97)
80032-6

Muecke R, Waldschock K, Schomburg L, Micke O, Buentzel J,
Kisters K, Adamietz IA, Huebner J (2018) Whole blood selenium
levels and selenium supplementation in patients treated in a fam-
ily doctor practice in golfien (state of Brandenburg, Germany): a
laboratory study. Integr Cancer Ther 17(4):1132-1136. https://
doi.org/10.1177/1534735418807971

Berthold HK, Michalke B, Krone W, Guallar E, Gouni-Berthold I
(2012) Influence of serum selenium concentrations on hyperten-
sion: the Lipid Analytic Cologne cross-sectional study. J Hyper-
tens 30(7):1328-1335. https://doi.org/10.1097/HJH.0b013e3283
5414df

@ Springer

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Riikgauer M, Neugebauer RJ, Plecko T (2001) The relation
between selenium, zinc and copper concentration and the trace
element dependent antioxidative status. J Trace Elem Med Biol
15(2-3):73-78

Bergheim I, Parlesak A, Dierks C, Bode JC, Bode C (2003) Nutri-
tional deficiencies in German middle-class male alcohol consum-
ers: relation to dietary intake and severity of liver disease. Eur J
Clin Nutr 57(3):431-438. https://doi.org/10.1038/sj.ejcn. 1601557
Wolters M, Hermann S, Golf S, Katz N, Hahn A (2006) Selenium
and antioxidant vitamin status of elderly German women. Eur J
Clin Nutr 60(1):85-91. https://doi.org/10.1038/sj.ejcn. 1602271
Hoeflich J, Hollenbach B, Behrends T, Hoeg A, Stosnach H,
Schomburg L (2010) The choice of biomarkers determines the
selenium status in young German vegans and vegetarians. Br J
Nutr 104(11):1601-1604. https://doi.org/10.1017/s000711451
0002618

Weber SU, Lehmann LE, Schewe JC, Thiele JT, Schroder S, Book
M, Hoeft A, Stiiber F (2008) Low serum a-tocopherol and sele-
nium are associated with accelerated apoptosis in severe sepsis.
BioFactors 33(2):107-119. https://doi.org/10.1002/biof.55203
30203

Hauder J, Winker S, Bub A, Ruifer CE, Pignitter M, Somoza V
(2011) LC-MS/MS quantification of sulforaphane and indole-
3-carbinol metabolites in human plasma and urine after die-
tary intake of selenium-fortified broccoli. J Agric Food Chem
59(15):8047-8057. https://doi.org/10.1021/j£201501x

Hoeg A, Gogakos A, Murphy E, Mueller S, Kohrle J, Reid DM,
Gliier CC, Felsenberg D, Roux C, Eastell R, Schomburg L, Wil-
liams GR (2012) Bone turnover and bone mineral density are
independently related to selenium status in healthy euthyroid post-
menopausal women. J Clin Endocrinol Metab 97(11):4061-4070.
https://doi.org/10.1210/jc.2012-2121

Hybsier S, Schulz T, Wu Z, Demuth I, Minich WB, Renko K,
Rijntjes E, Kohrle J, Strasburger CJ, Steinhagen-Thiessen E,
Schomburg L (2017) Sex-specific and inter-individual differences
in biomarkers of selenium status identified by a calibrated ELISA
for selenoprotein P. Redox Biol 11:403—414. https://doi.org/10.
1016/j.redox.2016.12.025

Alker W, Schwerdtle T, Schomburg L, Haase H (2019) A Zinpyr-
1-based fluorimetric microassay for free zinc in human serum. Int
J Mol Sci 20(16):4006. https://doi.org/10.3390/ijms20164006
Mehl S, Sun Q, Gorlich CL, Hackler J, Kopp JF, Renko K, Mittag
J, Schwerdtle T, Schomburg L (2020) Cross-sectional analysis of
trace element status in thyroid disease. J Trace Elem Med Biol.
https://doi.org/10.1016/j.jtemb.2019.126430

Miiller SM, Dawczynski C, Wiest J, Lorkowski S, Kipp AP, Schw-
erdtle T (2020) Functional biomarkers for the selenium status in a
human nutritional intervention study. Nutrients 12(3):676. https://
doi.org/10.3390/nul12030676

Sun Q, Hackler J, Hilger J, Gluschke H, Muric A, Simmons S,
Schomburg L, Siegert E (2020) Selenium and copper as biomark-
ers for pulmonary arterial hypertension in systemic sclerosis.
Nutrients 12(6):1-13. https://doi.org/10.3390/nul12061894
Jahreis G, Brese M, Leiterer M, Schafer U, Bohm V (2016) Leg-
ume flours: nutritionally important sources of protein- and dietary
fiber. Ernahr Umsch 63(2):M82-M88. https://doi.org/10.4455/eu.
2016.007

Karl H, Manthey-Karl M, Ostermeyer U, Lehmann I, Wagner H
(2013) Nutritional composition and sensory attributes of Alaskan
flatfishes compared to plaice (Pleuronectes platessa). Int J Food
Sci Technol 48(5):962-971. https://doi.org/10.1111/ijfs.12048


https://doi.org/10.1159/000188842
https://doi.org/10.1007/s00394-021-02494-3
https://doi.org/10.1007/s00394-021-02494-3
https://doi.org/10.1038/sj.ejcn.1600401
https://doi.org/10.1038/sj.ejcn.1600401
https://doi.org/10.1158/1055-9965.EPI-10-0364
https://doi.org/10.1158/1055-9965.EPI-10-0364
https://doi.org/10.1007/bf02778982
https://doi.org/10.1016/S0946-672X(97)80032-6
https://doi.org/10.1016/S0946-672X(97)80032-6
https://doi.org/10.1177/1534735418807971
https://doi.org/10.1177/1534735418807971
https://doi.org/10.1097/HJH.0b013e32835414df
https://doi.org/10.1097/HJH.0b013e32835414df
https://doi.org/10.1038/sj.ejcn.1601557
https://doi.org/10.1038/sj.ejcn.1602271
https://doi.org/10.1017/s0007114510002618
https://doi.org/10.1017/s0007114510002618
https://doi.org/10.1002/biof.5520330203
https://doi.org/10.1002/biof.5520330203
https://doi.org/10.1021/jf201501x
https://doi.org/10.1210/jc.2012-2121
https://doi.org/10.1016/j.redox.2016.12.025
https://doi.org/10.1016/j.redox.2016.12.025
https://doi.org/10.3390/ijms20164006
https://doi.org/10.1016/j.jtemb.2019.126430
https://doi.org/10.3390/nu12030676
https://doi.org/10.3390/nu12030676
https://doi.org/10.3390/nu12061894
https://doi.org/10.4455/eu.2016.007
https://doi.org/10.4455/eu.2016.007
https://doi.org/10.1111/ijfs.12048

	First review on the selenium status in Germany covering the last 50 years and on the selenium content of selected food items
	Abstract
	Introduction 
	Material and Methods 
	Results 

	Introduction
	Materials and methods
	Literature review on the selenium status of people living in Germany
	Search strategy
	Data extraction
	Inclusion and exclusion criteria
	Statistical parameters

	Literature review on the selenium content of food items
	Search strategy
	Inclusion and exclusion criteria
	Statistical parameters


	Results
	Selenium status in Germany
	Selenium content of food items

	Discussion
	Selenium status of the German population
	Variation of the selenium status over the last 40 years
	Gender differences

	Variation of selenium contents in food items

	Conclusions
	Acknowledgements 
	References




