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Abstract. Controlling the content of trace elements in human food
is a major problem. Lack of them, as well as their excess, can seriously
affect a person’s health. Commonly, people do not receive enough
minerals they need. Though these minerals are found in products of both
animal and plant origin, many ethnic groups have a significant
preference for plant food, which is very often obtained from cereal
plants. Not infrequently, though, these plants are poor in mineral
elements, or a specific processing technology depletes a product of
minerals. This article shows the content of such trace elements
important for people as zinc, copper, cobalt, and nickel in the seeds and
leaves of cultivated flax (L. usitatissimum) and its three wild perennial
relatives (L. austriacum, L. hirsutum, and L. thracicum). We focus on
flax, because, besides containing valuable trace elements, it is also a
source of unsaturated fatty acids which are no less important for the
human body. To date, there is but little information on the content of
certain trace elements in the seeds of cultivated flax, and practically
nothing is known about their content in its wild relatives, which are
used mainly as decorative verdure. It has been established that the seeds
contain 37.1-64.2 mg/kg of zinc, 5.3-9.3 mg/kg of copper, 2.9—
7.3 mg/kg of nickel, and 1.4-3.3 mg/kg of cobalt. In the leaves, these
trace elements are present in far smaller amounts (1.1-4.3 mg/kg). The
highest in these trace elements is the wild species L. thracicum, and the
lowest is L. austriacum. It has been found that in the plant material of
cultivated flax, the ratio of the microelements under study was similar to
that in the wild species. Zinc predominates in the flax seeds, but in the
leaves, it exceeds other elements only insignificantly. Generally, both
cultivated flax and its three wild relatives can be viewed as valuable and
worthwhile sources of zinc, cobalt, copper, and nickel.

Key words: Flax, wild Linum species, trace elements, seeds,
leaves, atomic adsorption spectrometry.

Introduction. Formulation of the problem

authors, the vitamin boom is in the past, and the time
of trace elements is now coming [3-5].

Micronutrient deficiency in food is one of today’s
urgent problems. That is why the World Health
Assembly calls for the prevention of micronutrient
malnutrition, for stronger control over the content of
trace elements in food [1].

To make the human body more resistant to adverse
environmental factors, food should contain enough
trace elements. Micronutrient deficiency in people is
caused by insufficient consumption of mineral-rich
foods. Diseases caused by lack of zinc and iron are
especially common in developing countries where the
cereal diet is traditional: India, Pakistan,
Bangladesh [2].

The Food and Agriculture Organization (FAO)
points out that micronutrients and vitamins are
necessary for public health [2]. According to some
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The problem is solved by using natural functional
products, flax seeds among them. That is why in many
countries, flax seeds are in constant demand, and the
volume of their processing is increasing [6].

Analysis of recent research and publications

Recent years have been marked by growing
interest in quantifying trace elements in food. It has
been found that poor nutrition contributes significantly
to the global morbidity increase. The main task now is
developing and implementing programmes of
fortification food with micronutrients [4,7]. According
to Osamu, research of trace elements is an important
objective of preventive medicine [8].

Cereals are, first and foremost, a source of
carbohydrates. They contain proteins and many trace
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elements, too, but in minute quantities. Even the
highest zinc concentrations (<30 mg/kg) found in
brown rice grains are insufficient to meet the needs for
this trace element in people who predominantly eat
rice [9]. In cereal grains, iron and zinc are concentrated
in the hulls removed during preparation of flour. After
polishing rice, the concentration of trace elements in
grains is significantly reduced [10].

It should be noted that trace elements are very
important for the physiological processes during the
growth and development of a plant. It has been
established that most trace elements activate certain
enzymatic systems and can be components of enzyme
molecules. Thus, nickel activates a number of
enzymes, including nitrate reductase, and has a
stabilising effect on the structure of ribosomes. Zinc
plays an important role in the formation of the
phytohormone auxin. Cobalt affects protein synthesis
and is associated with auxin metabolism. Copper
regulates the content of phenolic growth inhibitors and
makes plants more resistant to lodging, drought, and
frost [11].

The main sources of trace elements are red meat,
poultry, fish, liver, seafood, and leguminous plants. In
our opinion, flax seeds can be an alternative source of
these elements. This is especially important for people
who do not consume these products (like vegetarians
and vegans) or for those with intolerance to the seeds

of legumes.
Cultivated flax is widely distributed on all
continents. Its seeds are finding ever-widening

applications in dietetic and preventative nutrition. Fats
are very important for the human body, but unsaturated
fatty acids are more preferred. Flax seeds contain up to
50% of flaxseed oil, which is low in saturated and high
in unsaturated acids (linoleic, oleic, linolenic).
Therefore, flaxseeds are a unique component of
people’s healthy diet. Besides, their content of such
important trace elements as zinc, copper, nickel, and
cobalt makes food still more valuable [12].

There is not too much information about the
microelement composition of cultivated flax [13].
Some widely cultivated spices, including linseed,
which are consumed in Turkey, were analysed for their
mineral and trace element content, in particular, for
that of cadmium, iron, copper, manganese, and zinc. It
was found that the zinc concentration in flax seeds
reached 28 mg/kg and was the highest among the
plants studied. Besides, linseed contained the highest
amount of cadmium (128 mg/kg) [14]. Twenty-three
European linseed lines were compared and analysed
for their content of fatty acids and minerals. The levels
of seven fatty acids and ten minerals (Ca, Mg, Na, K,
P, Cu, Fe, Mn, Zn, and B) were determined. It was
shown that the lines varied significantly in their
contents of both fatty acids and mineral elements [15].
The levels of some essential and non-essential metals
were determined in linseed (Linum usitatissimum)
samples collected from five different sites in Ethiopia
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where its cultivation is common. Analysis of variance
at a 95% confidence level revealed that the five
samples differed significantly in their average levels of
these metals (except K and Ni). Thus, the zinc content
varied from 29 to 40 mg/kg [16].

As for its wild relatives, there is no such
information. Basically, wild species were considered as
a valuable material for ornamental use in alpine
gardens or in group plantings. It was revealed that the
diameter of the flower varied from 38 mm in L.
hirsutum to 25.7 mm in L. narbonense. The colour
spectrum of the flower includes light lilac, blue, and
yellow. Also, the foliage of wild species is highly
decorative. L.hirsutum is the tallest (75 cm) and has the
largest bush (more than 54 cm in diameter), and L.
thracicum is the most “compact” (36.0 cm and
38 cm) [17, 18].

Besides, it was shown that some wild flax species
differed significantly in the biochemical parameters of
seeds. The oil content of seeds in perennial wild
species ranged 24.6-33.20%, which is far lower than
that of oil-yielding flax. In terms of the protein content,
only L. thracicum exceeded cultivated flax (26%).
Other species contained significantly less protein
(18.13-22.44%). It was found that the fatty acid
composition of oil from wild species was similar to
that of the Linum species, where linolenic acid
predominated, so they were classified as linum-type,
while L. thracicum was high in oil with up to 60% of
essential linoleic acid. This high content of individual
fatty acids allows recommending these plants to be
used in preventive medicine [19].

It has been shown that there is no close
relationship among the contents of mineral elements in
different plant organs. Thus, concentrations of
19 elements were analysed in leaves and seeds from
96 wild plant samples of Arabidopsis thaliana grown in
artificial soil, and very few correlations between the
elemental composition of these organs were observed
[20]. However, the study of trace elements not only in
seeds, but also in other plant organs, in particular
leaves, is of considerable interest: it reveals that these
minerals are important (their quantities as well as
ratios) not only for human nutrition, but also for the
nutrition of the plant itself. It is known that
micronutrients in plant participate in diverse metabolic
processes, including cellular defence, gene regulation,
hormone perception [21].

The purpose of the work was to compare the
content of some trace elements in the seeds and leaves
of oil-yielding flax and of some of its wild species. The
objectives of the study were:

— to determine the content of zinc, copper, nickel,
and cobalt in the seeds of oil-yielding flax and three
perennial wild species;

— to reveal the content of these trace elements in
the leaves of oil-yielding flax and wild species;
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— to find the ratio of the microelements in the
seeds and leaves of cultivated flax and its wild
relatives.

Research materials and methods

The research material was the seeds and leaves of
the cultivated oil-yielding flax L. usitatissimum (the
variety Pivdenna Nich, which is the national standard
of Ukraine) and of the wild perennial species L.
austriacum, L. hirsutum, and L.thracicum. The species
L. austriacum and L. hirsutum are indigenous to the
southern part of the Steppe of Ukraine, where the
research was conducted. Seeds and vegetative plants of
L. austriacum and L. hirsutum were collected in situ,
transferred to the experimental site and studied in
detail ex situ. The L. thracicum sample was obtained
from Vavilov Research Institute of Plant Industry (St.
Petersburg) and later included in the collection of
Zaporizhzhia National University for further study. For
our research, green leaves were taken from the middle
part of the plant at the end of the growing season, and
seeds after full maturation. The studies were carried
out during 2018-2019. The plants were grown on the
experimental plot of the Department of Genetics and
Plant Resources of Zaporizhzhia National University.
The soil of the plot is ordinary chernozem.

The trace elements were determined annually in
quintuplicate on an atomic absorption
spectrophotometer Hitachi 180-80 (2000, Japan) with
a flame atomiser and a non-selective interference
detector using the Zeeman effect [22]. The data were
statistically processed on a computer using Microsoft
Office Excel and the modern STATISTICA
10 package.

Results of the research and their discussion

Zinc is known to be a multi-purpose trace element.
Its biological role manifests itself in homeostasis,
immunity, and chronic diseases. It belongs to the group
of elements that are very important for the human
body. People’s daily requirement of these trace
elements varies from 50 mcg to 18 mg [7,8,12,23,24].
It is important to evaluate the zinc content in products
and make up for its deficiency: the unique properties of
zinc can make it extremely useful in treating many
diseases [25-26]. Since there is no zinc storage system
in the body, people depend on its daily intake. Serious
zinc deficiency is a problem in developing countries,

while marginal zinc deficiency is a problem in
developed countries [25].

Table 1 presents data on the content of the four
microelements in the seeds of cultivated flax and its
three wild species averaged over two years. It has been
established that of the four elements studied, zinc
accumulates in seeds of all the flax species in the
largest amount (37.1 to 64.2 mg/kg), and its content
exceeds that of over other elements significantly.

Other trace elements studied are present in flax seeds
in a far smaller amount, 1.4 to 9.3 mg/kg (Table 1). It has
been found that such an important element as copper in
flax seeds ranges from 5.3 to 9.3 mg/kg. Many authors
indicate that copper, along with zinc, belongs to the group
of essential trace elements. Copper is found in all parts of
the musculoskeletal system, and its largest amounts are in
the brain and liver [7,8,28].

Nickel falls into the group of “probably essential
elements.” Its role in the human body is less studied
[7,8,28]. It takes part in the formation of blood cells
and the metabolism of fats. It has been revealed that
seeds contain 2.9 to 7.3 mg/kg of nickel.

One of the least studied trace elements is cobalt
[7,8,28]. Its role in the formation of blood and Vitamin
B, has been established. In the composition
of flax seeds, the amount of cobalt is relatively small
(1.4-3.3 mg/kg).

After comparing the content of various trace elements
in the seeds of oil-yielding flax (L. usitatissimum) and its
wild species, we have come to the conclusion that L.
hirsutum and L. thracicum significantly exceed it in zinc,
while the species L. austriacum accumulates considerably
less zinc in the seeds. The species L. thracicum is the
highest in all the trace elements studied. L. austriacum
accumulates smaller amounts of the microelements in the
seeds than other species do.

The main food products of the absolute majority of
people are cereals, but the content of trace elements in
them is low. Of the four elements studied, zinc is the
most important for people. Its content in rice seeds is
14 mg/kg, in wheat 34 mg/kg, in barley 36 mg/kg. The
copper content in the seeds of these crops is also low:
2.4 mg/kg in rice, 5.1 mg/kg in wheat, 6.6mg/kg in
barley. In leguminous seeds, these micronutrients are
generally more available than in cereals. The zinc
content in beans is 41mg/kg, in soya beans
43-56mg/kg, and that of copper is 13mg/kg and
7.0-15.5mg/kg respectively [29].

Table 1 — The content of trace elements in the seeds of different flax species, mg/kg (n=5)

Element —— - Species - -
L. usitatissimum L. austriacum L. hirsutum L. thracicum
Zn 49.2+0.36 37.1+0.32* 56.3 + 0.33* 64.2 + 0.46*
Cu 7.6 +0.14* 5.3+ 0.09*# 8.3+0.12* 9.3+0.17*#
Ni 4.4+0.12% 2.9+0.11*# 5.7 +0.13*# 7.3+0.12*%#
Co 1.5 +0.08* 1.4 +0.09% 2.6 +0.09*# 3.3+0.15*#

* differences from L. usitatissimum are significant at P<0.01

# differences from Zn are significant at P<0.01
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In general, the concentration of many trace
elements in the seeds of cereals and legumes is
considered insufficient for people’s proper nutrition. In
cereal seeds, the concentration of trace elements, low
as it is, becomes still lower due to the processing
technology. And in fresh vegetables, the concentration
of trace elements is even lower [11].

The research conducted have shown that flax seeds
can become an important component of nutrition, make
up for the lack of essential trace elements, and form the
basis of preventive and dietetic nutrition. In flax seeds,
besides a quite high content of important trace

elements, there is more than 42% of oil containing
unsaturated acids such as linolenic, linoleic, oleic.

A similar tendency in the content of trace elements
can be observed in the leaves of the flax species under
study (Table 2). The species L. thracicum accumulates
more of the microelements considered than other
species do, while L.austriacum has the least of them.
Like it is in the seeds, the trace element the leaves of
all flax species accumulate the most is zinc, although
they do not exceed other elements in its content as
significantly as seeds do.

Table 2 — The content of trace elements in the leaves of different flax species, mg/kg (n=5)

Element Species
L. usitatissimum L. austriacum L. hirsutum L. thracicum
Zn 3.4+0.09 2.4+0.08* 4.2+40.12* 4.3+0.11*
Cu 2.4+0.06" 1.9+0.03** 2.5+0.11% 3.4+0.04"*
Ni 2.3+0.05" 1.3+0.04** 2.4+0.11% 3.3+0.05"*
Co 1.3+0.07% 1.2+0.07% 1.4+0.06% 1.1+0.05%

* differences from L. usitatissimum are significant at P<0.01

# differences from Zn are significant at P<0.01

These results indicate the difference in the content of
trace elements in flax seeds and leaves. Both the content
of individual elements and the total trace elements content
in seeds is several times higher. The smallest difference
noted by us is in the cobalt content. The content of copper
and nickel in the seeds is 2-3 times higher. The greatest
difference is in the zinc content: it exceeds the amount of
zinc in leaves by 13-15 times.

Fig. 1 shows the ratio of the content of different
microelements in the plant material of two flax species.
A similar tendency is clearly seen in the two species
studied. Thus, zinc is predominant in the seeds both of
the cultivated flax L.usitatissimum and of the wild
species L. thracicum.
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Fig. 1 Ratio of trace elements in the seeds and leaves of
different flax species

Our results prove that accumulation of zinc in
seeds is important for flax plants. Flax is an early
sowing culture. Its seeds begin germinating at 1-4°C.
Probably, a plant requires zinc at the germination
stage, for example, to protect itself against
phytoinfection. Zinc is an essential element for the life
of plants: it is involved in many biochemical and
physiological processes. It is the only metal in the six
classes of enzymes (oxidoreductases, transferases,
hydrolases, lyases, isomerases, ligases) [30].
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In the leaves of both species, the ratio of trace
elements is more balanced. In our opinion, during the
growing season, all these elements are important for the
plant. The leaf is the main plant organ responsible for a
plant’s mineral nutrition, water balance, transpiration, and
photosynthesis. This is probably why none of the
elements studied predominates in flax leaves. Zinc does
not exceed copper and nickel so greatly. As for the
percentage of the trace elements, it has been noted that the
seeds of L. usitatissimum contain less cobalt than
L. thracicum does, but in its leaves, on the contrary, there
is more of it than in the wild species.

In general, summarising the information we have
obtained, both cultivated flax and its three wild
relatives can be considered valuable sources of zinc,
cobalt, copper, and nickel, which deserves attention.

Conclusion

It has been demonstrated that the seeds of all four
species of flax contain a lot of zinc, 37.1 to 64.2
mg/kg. Such an amount exceeds this parameter not
only in cereals, but also in many leguminous plants. It
is characteristic that some wild species such as
L. hirsutum and L. thracicum have an advantage in this
regard over cultivated flax by 7.1 and 15.0 mg/kg
respectively. The three other mineral elements (copper,
nickel, and cobalt) are contained in the seeds of the
species under study in far smaller quantities than zinc.

In the leaves, the content of mineral elements is
much lower than in the seeds. Moreover, in the leaves,
there is no big difference between the contents of zinc
and other elements as it is in the seeds. Leaves contain
zinc in a range of 2.4-4.3 mg/kg, while the content of
other trace elements varies from 1.1 to 3.4 mg/kg.

It has been shown that these microelements were
present in a similar ratio in the plant material from both
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the cultivated flax and the wild flax species. Zinc is  leaves, it does not exceed other elements so greatly
predominant in the seeds (about 80%), but in the (30-40%).
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Anoranis. IIpo6iemMa KOHTPOIIO BMICTy MiKpOGIEMEHTIB y IPOJYKTaX XapuyBaHHs JIIOMUHY € JIy)e rocTporo. SIk IXHs HecTaya, Tak i
HaJUIUIIOK MIPU3BOAATH 0 CEPHO3HMX MOPYIICHB 310poB’s. YacTimme 3a Bee JI0MHa HE OTPUMYE HEOOXiaHi il MiHepany, sKi
MOKHA 3HAHTH SIK B IPOAYKTaX TBAPUHHOTO, TaK 1 POCIMHHOIO MOXOKEHH. TUM He MeHII, 6araTo eTHIYHHX TPy BiAIal0Th
3HAYHy MepeBary pociuHHil ki, Ti kepenom myxke gacTo € 31akoBi pociuHM, sKi a6o GiHi Ha MiHepasbHi eleMeHTH, a6o
MiHepaibHe BUCHaKEHHS TPOIYKTY OOYMOBJIEHE Crienn(igHO0 TEXHOJIOTi€0 IepepoOKH. B milf cTaTTi moka3aHo BMICT TaKuX
BXJIMBUX JUIS JIFOJWHHU MIiKPOEIEMEHTIB, SIK IWHK, MiJb, KOOAJbT Ta HiKeJb, B HACIHHI Ta JIMCTKAaX KYJIBTYpPHOTO JILOHY
L. usitatissimum i ioro Tpbox aukux Oararopiunux poxuyi L. austriacum, L. hirsutum i L. thracicum. YBara g0 JboHy sk
JpKepena [IHHUX MiKpOEJIEMEHTIB 0B’ s3aHO 3 THM, II0, KPiM cCaMHX MiKpOEJIEMEHTIB, JIbOH € PKePEIOM IIIHHIX HEHACHYEHHX
JKUPHUX KHCIIOT, HE MEHII BaXJIMBUX VIS JFOJICBKOTO OpraHi3My, HiXK caMi MikpoeneMeHTH. Ha croronHinHiii 1eHb MaeThes
numie Hebarato iHdopMarii mpo BMICT IIEBHUX MiKpOEJIEMEHTIB B HAaCIHHI KyJIBTYPHOT'O JIEOHY, 1 IPAKTHIHO HIYOTO HE BiZJOMO
B [IbOMY 3B’S3Ky NP0 HOTO IUKHX POAMUIB, SIKI BHKOPHCTOBYBAINCH B OCHOBHOMY TIJBKH JUIS AEKOPATHBHOTO O3CJICHEHHSI.
BceranosiieHo, 1110 B HaCIHHI UHK MICTUTLCS B Aiana3oHi Big 37,1 mo 64,2mr/kr, migs — 5,3-9,3mr/kr, Hikens — 2,9 1o 7,3Mr/xr,
a kobOanpT — 1,4-3,3Mr/kr. B nucTkax Iii MIKpOEJIEMEHTH HasiBHI y CYTTEBO MeEHIIH Kiibkocti Bix 1,1 g0 4,3mr/kr.
Haii6inpimm BMiCTOM JIOCHIDKYBaHUX MiKpOEJIEMEHTIB BHpi3HseThes BUI L. thracicum, a maiimenmum — Bua L. austriacum.
BusBneHo, 110 CIiBBiHOIIEHHST MiKPOEJIEMEHTIB, sIKi BUBUAINCh, Y POCIMHHOMY MaTtepiani KyIbTYpHOTO BUAY JIbOHY Ta Horo
JIMKOPOCIIMX BHIIB € CXOXKHM. [{MHK mepeBakae B HaCiHHI JIbOHY, ajie BiH HE Ma€ CYTTEBOI IepeBary Haj iHIIMMU eJIeMEeHTaMH
B JINCTKaxX. B mimomy, sSIK KyJIbTypHUH JIBOH, TaK i TpH HOro JUKI pOAWYi MOJKHA BBaXKaTH IIHHUMH JDKEpeNlaMH IIUHKY, Miji,
KOOaJIbTy Ta HIKEINIO, SKi 3aCIyrOBYIOTh Ha yBary JIIOHUHU.

KiouoBi ciioBa: 1p0H ONMIMHWN, JWKI BHOW JIbOHY, MIKpPOEJIEMEHTH, HACIHHS, IIUCTS, aTOMHO-ajcopOriifHa
CIIEKTPOMETPIsI.
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