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ABSTRACT

Background. Prepared sprouts, after culturing in a medium with an increased iron concentration, could be-
come a beneficial food iron fortificant. However, the efficient iron accumulation depends on the plants genus,
species and/or varieties. The aim of the study was to indicate the seeds or grains which accumulate iron most

efficiently during the sprouting process.

Material and methods. Alfalfa, lentil, lupine and soybean seeds as well as wheat grains were sprouted in
abiotic stress conditions induced by the excess of iron(Il) in culture media. The tolerance of these plants to
iron concentration and its accumulation in the material obtained (with FAAS method) were analyzed.

Results. The smallest tolerance was noted for lentil seeds and wheat grains. Other plants developed in 25 mM
solution of FeSO,. The highest accumulation of iron was observed in alfalfa sprouts. However, lupine and
soybean seeds are the most recommended raw material for the production of the sprouts on an industrial scale.
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INTRODUCTION

Iron is a trace heavy metal required by plants for
their proper growth, because it is a part of important
metalloproteins involved in some redox reactions,
which take place during respiration, photosynthesis,
oxidative stress protection and many other processes

(Hénsch and Mendel, 2009). Both deficiency and
excess of iron in soil leads to a disturbance in plant
development.

A high concentration of this heavy metal in the
growth medium or soil causes oxidative damage to
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cellular components (mainly lipids, proteins and nu-
cleic acids) (Dietz et al., 1999) and may lead to the
displacement of the correct metal ions in proteins’ ac-
tive sides (Nishida et al., 2012). The defense against
excess of heavy metal ions, including iron, may be
achieved by the avoidance strategy (extracellular pre-
cipitation, biosorption to cell walls, reduced uptake or
increased efflux). The other strategy — tolerance — al-
lows a plant to survive a high iron concentration by
intracellular chelation by amino acids, glutathione and
ligands such as metallothioneins, phytochelatins, fer-
ritin or compartmentation within vacuoles (Assunc¢do
et al., 2003; Clemens 2006; Cobbett 2000; Hall, 2002;
Nishida et al., 2012; Yadav 2010; Yang et al. 2005).

Plants developed various mechanisms of protec-
tion against both iron ions: ferrous — Fe(II) and ferric —
Fe(III). Moreover, these mechanisms are different for
graminaceous and nongraminaceous plants. Gramina-
ceous plants developed a strategy based on chelation
of slightly soluble iron from the rhizsosphere, secret-
ing iron-chelator phytosiderophore (such as mugineic
acids) to the rhizosphere. Nongraminaceous monocots
and dicots transport iron from the soil after the reduc-
tion of ferric ions Fe(III) to ferrous ion by ferric-che-
late reductase. The molecules — transporters, chelators
and enzymes — responsible for the transport have been
recognized for these two mechanisms. Manipulation
of these molecular components expression results in
the plants’ tolerance to an iron increase or deficiency
in the soil and on their capacity to accumulate iron in
the edible part (Kobayashi and Nishizawa, 2012).

Increasing the iron concentration in the growth me-
dium of many plants would intensify its accumulation
processes and plants could be forced to accumulate the
metal ions in their cells. In that manner biofortification
of edible plants may be achieved. Plants biofortified in
iron may become promising an iron source to prevent
iron deficiency anaemia, because in some plant spe-
cies phyto-ferritin, which is of interest to nutritionists,
is an important and dominating chelating iron organic
compound (Theil, 2004; Zielinska-Dawidziak et al.,
2012a; Zielinska-Dawidziak, 2015).

The significant restriction of this process occurs due
to the limited tolerance of different plants to iron concen-
tration in the growth medium and metal accumulation
capacity. These parameters were studied in the present
experiment on sprouting seeds or grains of the following
plants: alfalfa, lentil, lupine, soybean and wheat.
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MATERIAL AND METHODS

Experimental material

The following seeds and grains were used in the pre-

sented experiments:

+ alfalfa seeds (Medicago sativa L.), Tula and Ko-
meta varieties obtained from the Poznan Plant
Breeding Ltd., Tulce, Poland

* lentil seeds (Lens culinaris) Tina and Anita vari-
eties delivered by ‘Spojnia’ Plant Breeding Ltd.,
Nochowo, Poland

* lupine seeds of three species i.e. white lupine (Lu-
pinus albus), Boros and Butan varieties, yellow lu-
pine (Lupinus luteus) Lord, Paris and Mister varie-
ties and blue lupine (Lupinus angustifolius), Zeus
and Baron varieties obtained from the Smolice
Plant Breeding in Przebedowo, Poland

* soybean seeds (Glycine max), Nawiko and Augusta
varieties provided by the Department of Genetics
and Plant Breeding, the Poznan University of Life
Sciences, Poland

» wheat grains (7riticum aestivum L.), Bombona and
Korweta variety obtained from the DANKO Plant
Breeding Ltd., Choryn, Poland.

Methods

Seeds germination. The raw seeds/grains were disin-
fected for 15 min with 70% ethanol. The ethanol was
washed away and experimental materials swelled for 6
hours in 0—25 mM solutions of FeSO,. Sprouting was
carried out for 7 days in respective FeSO, solutions in
special germination dishes placed in climatic cham-
bers (Adaptis, Conviron, Germany), in the same tem-
perature and light conditions. On the last day, the seeds
were watered, dried in a stream of air until 8—10%
moisture was obtained. Germination was also carried
in Fe,(SO,), solutions with the same concentrations.

Preparation of the anatomical parts of sprouts. Hull,
radicle and seeds were separated manually from fresh
sprouts and then dried in the conditions presented
above.

Iron content determination. The samples were
mineralized at 450°C to obtain a carbon-free white
ash. Afterwards, the ash dissolved in 1 N nitric acid
was filtered and analyzed for iron content using flame
atomic absorption spectrometry with deuterium (Zeiss
AAS-3, Jena) (A = 248.3, slit width of 0.15 nm) (Tsa-
lev, 1995).

www.food.actapol.net/



Zielinska-Dawidziak, M., Staniek, H., Krdl, E., Piasecka-Kwiatkowska, D., Twardowski, T. (2016). Legume seeds and cereal grains’
capacity to accumulate iron while sprouting in order to obtain food fortificant. Acta Sci. Pol. Technol. Aliment., 15(3), 333-338.

DOI: 10.17306/).AFS.2016.3.32

Statistical analysis. Statistical analyses were per-
formed using Statistica 10.0. (StatSoft Inc., Tulsa,
USA). All germinations were repeated nine times,
while part separations and analyses of iron content were
performed in triplicate. All the data were expressed as
an average +standard deviation and were subjected to
analysis of variance (ANOVA). In the case of signifi-
cant differences, post-hoc analysis (Tukey’s test) was
performed to determine homogeneous groups.

RESULTS AND DISCUSSION

The use of sprouts biofortified in iron may be a prom-
ising way to increase iron content in food. However,
the problem of this metal’s toxicity has been observed
for many years. Plants growing in iron-rich soil were
degenerated, discolored and thus unattractive for con-
sumers. Moreover, the correlation between the iron
concentration in the soil and in cereal grains, legume
seeds or other edible parts of plants (leaves or fruits)
was far from linear (Lonnerdal, 2003).

It has been noted in many studies on the hyperaccu-
mulation of heavy metal ions that root metal foraging
is associated with high levels of tolerance to the toxic
metal’s presence in the soil/growth medium (Lonnerd-
al, 2003). The term ‘tolerance level” in the present ex-
periments represents the highest concentration of iron
in media in which sprouts development was observed,
even if radicl development was heavily limited. Simul-
taneously, the number of germinated seeds/grain had to
be at least 80% of those germinated in distilled water.
Lentil seeds and wheat grains revealed the lowest tol-
erance to the abiotic stress caused by the presence of
ferrous ions in the medium; but lentil sprouts were bet-
ter developed in 14 mM of FeSO, than wheat sprouts
in 15 mM. Other seeds tolerated the 25 mM of FeSO,
in the media. No differences in tolerance level between
varieties of the same genus was noted in these experi-
ments (Fig. 1).

The level of tolerance does not always determine
the plants’ capacity to accumulate iron, even if it is
strongly correlated with both metal ions transporters
and chelating compound expression in plants (eg. fer-
ritin, which is the most interesting) (Lonnerdal, 2003).
The accumulation of iron in the sprouts studied, ob-
tained in four selected concentrations in the range of
their tolerance, is presented on Figures 2—6.
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Fig. 1. The determined maximum tolerance level to the
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Fig. 2. The dependence of iron accumulation in alfalfa
sprouts [mg/100 g d.m.] on variety and iron concentration
in the culture media [mM]. The bars denoted by various let-
ters differ statistically significantly at the significance level
a=0.05
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Fig. 3. The dependence of iron accumulation in lentil sprouts
[mg/100 g d.m.] on variety and iron concentration in the cul-
ture media [mM]. The bars denoted by various letters differ
statistically significantly at the significance level o = 0.05
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Fig. 4. The dependence of iron accumulation in lupine sprouts [mg/100 g
d.m.] on species, variety and iron concentration in the culture media
[mM]. The bars denoted by various letters differ statistically significant-

ly at the significance level a. = 0.05
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Fig. 5. The dependence of iron accumulation in soybean
sprouts [mg/100 g d.m.] on variety and iron concentration
in the culture media [mM]. The bars denoted by various let-
ters differ statistically significantly at the significance level
a=0.05.

In the conditions mentioned, all sprouts accumu-
lated much more iron than sprouts which were the ref-
erence sample, i.e. sprouts cultured in water (0 mM
of Fe(Il) in growth media). Among these plants, the
greatest iron content was found for both varieties of al-
falfa sprouts (~1800 mg/100 g d.m.). However, despite
such promising results, the possibility of using alfalfa
sprouts on an industrial scale is not currently reasona-
ble, because of the low level of alfalfa seed harvesting.
Lentils accumulate the least iron among legume seeds
(~550 mg/100 g d.m.), but from the solutions with low
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Fig. 6. The dependence of iron accumulation in wheat
sprouts [mg/100 g d.m.] on variety and iron concentration
in the culture media [mM]. The bars denoted by various let-
ters differ statistically significantly at the significance level
a=0.05

iron concentrations (14 mM), which could be profit-
able for their use on a commercial scale. Nevertheless,
in a concentration of 15 mM certain varieties of lupine
(Parys and Baron) accumulated slightly less iron. Raw
lentils (whole and not heat-treated) are difficult to ob-
tain in Poland, because in Central and Eastern Europe
their cultivation areas are limited, as opposed to Italy
or France.

Wheat sprouts, obtained from the only cereal
plant in this experiment, attained concentrations of
even twice a little iron than lentil sprouts. This was
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Table 1. Comparison of iron in anatomical parts of sprouts: seeds, hulls, radicles and whole sprouts of
Lupinus albus (Boros var.), L. luteus (Lord var.) L. angustifolius (Baron var.) and G. max (Augusta var.).

Iron content, mg/100 g d.m.

Analyzed

material Boros Lord Baron Augusta
Seed 414.85+8.35a 460.07 £13.17 a 519.17+4.21 a 503.23 £5.36 a
Hull 873.55+6.46 d 1202.22 591 d 851.30 £15.10 ¢ 704.32 £10.26 ¢
Radicle 632.56 £13.95 ¢ 825.64 £53.30 ¢ 1003.63 +3.23 d 899.39 £28.35 d

Sprouts (whole) 567.21 1495 b

704.08 £27.26 b

655.28 £4.05 b 588.38 £31.35)

The values in the table (expressed as an average +standard deviation) marked in columns with various letters are

significantly different (o = 0.05).

expected, because the expression of iron chelators
in cereal grains is lower than in legumes (Burton et
al., 1998), and the low tolerance of these grains was
proved in the present studies. Using wheat grains for
food fortification could be considered in situations
when the use of legumes is not possible (eg. in food
dedicated for allergic individuals). It should be noted
here that variety did not influence the accumulation as
much as the genus and species.

However, a higher iron accumulation was also not-
ed in sprouts obtained from smaller seeds. It became
obvious when the iron concentration in anatomical
parts of the sprouts was analyzed. Most iron was con-
centrated in hulls and radicle of the materials studied
(Table 1). Therefore, the lower mass ratio of growing
radicle and husk to seed, the smaller the iron content
noted in the preparation.

Unfortunately, an attempt to replace Fe(Il) with
Fe(Ill) ions in the medium was completely unsuc-
cessful. Acceptance of oxidized iron forms could sig-
nificantly facilitate sprout preparation on an industrial
scale, due to possible media oxidation, but Fe,(SO,),
totally inhibited sprouting.

A previous study also indicated that during the year
of harvest, weather conditions influenced the seeds’
quality and subsequent iron accumulation during
sprouting (Zielinska-Dawidziak et al., 2012b). Thus,
because the seeds studied came from various grow-
ing areas, the data obtained in other harvest years and
from other areas may differ, but only slightly, from
those presented here.

Sprouts prepared in the proposed manner may
become an attractive food fortificant (Zielinska-
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-Dawidziak et al., 2012a), because the amount of them
which could be introduced into food products ac-
cording to the EU requirements should be extremely
small (European Commission, 2002). Moreover, if
they were used as a powdered component during food
production, their degeneration would be almost irrel-
evant. However, due to economic reasons, the desired
genus, species and variety of those plants which ac-
cumulate iron the most efficiently should be indicated.
The only raw materials, currently easily available on
an adequate scale in our geographical region are soy-
bean and lupine seeds, therefore these two genus seeds
may be recommended as the best material for sprout
preparation.

These experiments confirmed the significant im-
pact of genus, species and variety on the iron-binding
capacity of plants sprouting in the media containing
FeSO,. The plants’ tolerance to iron ion presence in
the media depends particularly on the genus. Seeds
with smaller thousand grain weight are usually desir-
able for sprout preparation.

Lupine and soybean seeds could be recommended
for the preparation of sprouts for food fortification in
Central and Eastern Europe countries, although in re-
gions with high levels of lentil harvesting, this plant
could be also considered for this purpose.
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