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Malnutrition (Undernutrition)

- Micronutrients are necessary for human health, for physical and mental
development, for the functioning of the immune system and various
metabolic processes.

- Micronutrient malnutrition (hidden hunger) affects almost half of the global
population, and interest in it has grown significantly over the last decade
due to its potentially large implications for global health.
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Undernutrition worldwide

- Malnutrition is not only a problem of poor countries and can exist even
when the food supply is adequate in terms of energy needs.
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Zinc deficiency worldwide verc Report (2014):

The global anaemia prevalence due to Fe deficiency
Eliminating Zinc Deficiency in Rice-Based Systems

(World Health Organization. The global anaemia prevalence in 2011. Geneva
(Switzerland); WHO; 2015)
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Undernutrition

- lron (Fe) and iodine (I) deficiency are the most significant causes of hidden
hunger in developing countries.

- Zinc (Zn) deficiency is also a global malnutrition problem.

- Selenium (Se) deficiencies occur regionally (but include almost all of Europe)

- we can expect malnutrition where cereals are the main source of daily
caloric intake but also in regions where agricultural soils are poor in plant-
available micronutrients.
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What does undernutrition look like?

Zinc is needed for many body processes, including gene expression, enzymatic reactions, protein
synthesis, and DNA synthesis
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UN Sustainable Development Goal ‘world with zero hunger’ by 2030
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Front. Immunol., 28 November 2022

379 results from Web of Science Core Collection for:
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Association of COVID-19 mortality with serum 1,224 results from Web of Science Core Collection for:
selenium, zinc and copper: Six observational studies

COVID (Topic) and Zinc (Topic)

across Europe
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Human Zinc
Deficiency

Human and Soil Zinc Deficiency: Geographical Overlap

Widespread deficiency

Zinc deficency
B High prevalence
B Moderate prevalence

[] Low prevalence

[ ] Not sufficient data
available

Soil Zinc
Deficiency

Medium defidency

Soil Zn
deficiency

Regions with Zn deficiency in

the soil
VFRC Report (2014): Eliminating Zinc
Deficiency in Rice-Based Systems
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Zinc
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Zn Total Zn in soils in the Pannonian part of Croatia
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Zinc
65.38

Zn Available Zn in the soils of eastern Croatia is mostly at the level of low availability

Plant available Zn fractions (mg/kg) extrcated by
EDTA and DTPA
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Zinc undernutrition in Croatia & Italy

no data

<15 %

15 - 25 % - > 25 %

Zinc deficiency worldwide. Wessells & Brown (2012.):
Estimating the Global Prevalence of Zinc Deficiency. PLOS ONE.

Croatia (low to medium risk)
1990 — 2005:

10,7-16,4 % populations with
insufficient dietary Zn intake
Total Zn from animal source food:
46,3-56,4%

Italy (low risk)

1990 — 2005:

5,2 -5,6 % populations with
insufficient dietary Zn intake

Total Zn from animal source foods:
62,3-63,6%

Wessells & Brown (2012.): Estimating the Global
Prevalence of Zinc Deficiency. PLOS ONE.

Universita degli Studi di Palermo, May 2025



/n from animal source foods & population with inadequate Zn intake

Zn (%) from animal source foods & population (%) with inadequate Zn intake

70,0
60,0
50,0
40,0
30,0
20,0
10,0 m
0,0 -

M Zinc (%) from animal source foods m Population (%) with inadequate Zn intake

80,0

|

<
,\~><°

EX
44,9
0(&’°

&
0Q~

Zinc deficiency worldwide. Wessells & Brown (2012.): Estimating the Global Prevalence of Zinc Deficiency. PLOS ONE.
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Se deficiency in soil

Global differences in Se

concentrations in soils

Mombo i sur. (2015): Bioaccessibility of
selenium after human ingestion

in relation to its chemical species and
compartmentalization in maize.
Environ Geochem Health

World regions naturally enriched in selenium
(topsoil Se content exceeds 1.0 mg kg?)
appear in red (filled square), whereas
LIl lcorrespond to regions with naturally

I AY-Aconcentration (filled square) and
white areas correspond to regions with
unknown concentration (opened square)
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Seleniu
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Global variation in selenium intake Evaluation of the Se content of

the traditional Italian diet
Amodio-Cocchieri R., Arnese

Venezuela
Canada A., Roncioni A. & Silvestri G.
Japan Daily intake (ug/day): (1995) Il.vternat/onal Jou'r'nal of
USA M Croatia — 27,3 (Klapec et al., 1998) Food Sciences and Nutrition
USA E Slovenia — 87 (Smrkolj et al., 2005)
Australia Serbia — 29,7 (Duji¢ et al., 1995)
Finland M ltaly — 45,2 (Amodio-Cocchieri et al., 1995)
Finland F
Poland M | Mean recomm*ended }
Poland E | || intake for men Se in plasma of healthy persons (ng Se ml2):
Austria | Bosnia and Hercegovina 64 (1992)
France Croatia 64 (1992)*
Belgium Montenegro 51 (1992)
Germany Mean recommended } Serbia <45 (1992)
UK M Intake for women* Macedonia 35 (1992)
UKF | =
Croatia DENMArk M | | Benefit with Se supplementation <122
Denmark F _ _ Optimum GPx activity 122-130
The Netherlands M | '\éi";‘gp'gtf‘ekfc;”} Minimal mortality 130-150
The Netherlands F [ 1, |11 —_ Finland) ' (Rayman, 2012. Selenium and human health. Lancet 379: 1256—1268.)
taly M |
italy F [ |
0 50 100 150 200 250 300
*Rayman, Lancet, 2012 Selenium intake (microgram/day)

Universita degli Studi di Palermo, May 2025 Global variation in Se intake Fairweather-Tait i sur. (2011.) Lancet.



Biofortification as prevention of malnutrition
- Genetic biofortification — the best strategy as a long-term sustainable
solution to prevent micronutrient malnutrition.

- Itincludes the selection of varieties as a first step and the breeding of new
genotypes with a higher concentration of micronutrients.

- So far, genetic biofortification is more effective in preventing zinc (Zn)
malnutrition than selenium (Se).
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Agronomic (bio)fortification

- Agronomic biofortification (agrofortification) is an effective short-term
solution.

- It includes the use of micronutrients (microfertilizers) in the cultivation of
crops in accordance with the properties of the soil with the aim of

increasing the concentration of microelements in the edible part of the
plant.

- So far, this strategy is very effective for selenium (Se) and moderately
effective for zinc (Zn), depending on the plant species.
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Other objectives of biofortification

- Increasing the bioavailability of microelements in food of plant origin.

- Itis necessary, along with increasing the concentration of microelements,
to reduce or maintain at the same level the concentration of antinutrients
(eg. phytate).

- It is desirable, for example, to maintain the phytate/Zn ratio at values < 15.

-  Reduce or maintain low concentrations of harmful elements in food of
plant origin (eg. Cd)
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n Wheat biofortification

- Use the diversity of wheat genotypes.

- Use micronutrients in accordance with the soil properties with the aim of
increasing the microelements density in the grain.

- So far, this strategy is very effective for selenium (Se) and moderately
effective for zinc (Zn).

- The aim of biofortification is generally:
- increasing Zn density in wheat grain to reach a concentration > 40 mg/kg
- increasing Se concentration to reach 300 pg/kg.
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Determined difference of genotypes in the accumulation of Zn, Fe and Cd

- Differences of 51 wheat genotypes in the accumulation of Zn and Fe on soil
with and without contamination with Cd

- A group with 4 genotypes (varieties recognized in 1963, ‘84, ‘88 and '98:
Bezostaja 1, Slavonija, Ana, Golubica) with low Cd concentration and
above-average concentrations of Zn and Fe

Emirates Journal of Food and Agriculture. 2016, 28(11): 772-778
doiz 10.9755/ejfa.2016-05-475
hittpofwww_ejia.me

REbEkié, A & LO”C"’GFI'C{, Z (2016)

Genotypic difference in cadmium

effect on agronomic traits and grain Genotypic difference in cadmium effect on agronomic
zinc and iron concentration in winter traits and grain zinc and iron concentration in winter
wheat. Emirates Journal of Food and wheat

Agriculture, 28 (11), 772-778.
Andrijana Rebekic'*, Zdenko Longaric?

'Chair for Piant Genetics, Plant improvement and Seed Science, Department for Plant Production, Facully of Agriculture in Osiiek,
J. J. Strossmayer University of Osiek, Osijek, Croatia, ¥ Chair for Plant Physiology and Plant Nutrfion, Depariment for Agrogcology,
Faculty of Agriculture in Osfiek, J. J. Strossmayer University of Osijek, Osijek, Croatia
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m Determined difference of wheat genotypes (Zn, Fe, phytate)

- 343 wheat genotypes
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m Determined difference of wheat genotypes (Zn, Fe, phytate)

- differences between wheat genotypes in Zn and phytate concentrations

Zn

= AVG 21,35 mg/kg

= MIN 13,30

= MAX 38,93

" no genotypes > 40 mg/kg
4 = TOP 10: 1931 -2009

= TOP 3:1962 - 2009

Distribution of Zn level
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m Determined difference of wheat genotypes (Zn, Fe, phytate)

- the difference of wheat genotypes in the [phytate]/[Zn] ratio was determined

Zn and PA comparation
50
40

30

. XW ALY

—7/n —PA

Distribution of PA/Zn ratio PA/Zn
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80
60
40

20
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m Determined difference of wheat genotypes (Zn, Fe, phytate)

- 5 different groups (clusters) of wheat genotypes were determined

Clusters Zn, Fe and PA
. 175"

150

100

Highest High  High Zn OR AVG Zn Low Zn
/n&Fe, /n&Fe, Fe, LowPA andFe, and/orFe,
Lowest PA Low PA AVG PA High PA

1979 1989 1997
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- foliar application of 1.5 kg Zn ha!
- Zn applied in 2 different forms (Zn-sulfate and Zn-EDTA) on 3 wheat varieties

50

40

30

20

10

Zn (mg/kg) in wheat grain

+ 100 %
48,9 a

+37%
33,4b

24,4 c

Control Zn-sulfate Zn-EDTA

m Agronomic biofortification of wheat with Zn

- A successful average increase of Zn

concentration in wheat grain.

More successful application of Zn in the
form of sulfate than in the form of EDTA.
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Effect of form of Zn and wheat variety on Zn in grain (ug/g)

70
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40
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20

10

Divana

Zn (ug/g) in wheat grain

Simonida Srpanjka

O Control
B Zn-EDTA
B Zn-sulfate

m Agronomic biofortification of wheat with Zn

The highest concentrations of
Zn in the grain of the Divana
variety (high-quality variety).

The lowest concentration in
the grain of the most
productive variety (Srpanjka).

Application of Zn in the form of
sulfate is more effective on all
varieties.
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m Agronomic biofortification of wheat with Zn

Effect of form of Zn and wheat variety on Cd in grain (pg/kg)

Cd pg/kg

Cadmium in wheat grain

80
70 -
60 -
50 -
40 -
30 -
20 -
10 -
0 -

a . H Control
| OZn-sulfate
OZn-EDTA
)
32|% 22|% 33I %
Simonida Divana Srpanjka

Cd concentrations in grain are very
low (22-37% MAC)

The highest concentrations of Cd in
the grain without Zn application.

The lowest concentrations of Cd in
grain with the Zn applied as Zn-EDTA.

The concentrations of Cd are at the
level of 22-33% of the concentrations
at the control treatment.
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m Agronomic biofortification of wheat with Zn

Effect of Zn application on Cd in aboveground wheat organs
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Cadmium (pg/kg) in wheat aboveground organs

ab

straw

leaves

spike axis

glumes

grain

B Control
O Zn-sulfate
OZn-EDTA

- Significant decreasing of Cd
concentration in spike axis and
grain after Zn-EDTA application
compared to control

- Significant increase in Cd
concentration in straw and/or
leaves after Zn-EDTA application
compared to the control and Zn-
sulfate application
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m Agronomic biofortification of wheat with Zn

The influence of Zn on the distribution of Cd in above-ground organs

Cd in organs as % of total Cd in plant

10 -
S IR UFSE
0_

——

%

straw leaves spike axis

glumes

grain

50 (/;\\

45 3

40 / 2

35 b /N -

30 - ( a) - H Control
25 - }v - OZn-sulfate
20 - b <% OZn-EDTA
15 - b

- About 40% of the total amount of
Cd was accumulated in wheat
grain without Zn application and
with Zn-sulfate application

- After the Zn-EDTA application,
only 15% of the total amount of
Cd was accumulated in the grain,

and in straw and leaves a total of
75% of Cd

Universita degli Studi di Palermo, May 2025



m Agronomic biofortification of wheat with Se

- Se application on the soil (10 g/ha) or foliar Se application (5 and 10 g/ha).
- It was applied in the form of selenate on 3 varieties of wheat

Se (ug/kg) in wheat grain

as0 ) 410°

a0+

3s0
300
250

200 +

150 +~
100

50 +

Control 5 g/ha Se 10 g/ha Se
foliar foliar

10 g/ha Se
in soil

- Successful increase of Se concentration in wheat grain
(above 300 ug/kg).

- The foliar application of Se resulted in the accumulation
of up to 40% of the applied Se in the grain, and the
application of Se on the soil 19-39%.

- No significant difference between the genotypes

ACTA AGRICULTURAE SCANDINAVICA, SECTION B — SOIL & PLANT SCIENCE @ 'TI';.;:}.rIc_rr.q‘.&f raliLls
hittps://doiorg/10.1 080/00064710.2010.1645204 aylor & Frands Group

W) Chech for updaes

Biofortification of wheat cultivars with selenium

Maja 5. Manojlovi¢ 2, Zdenko Lonéaric®, Ranko R. Cabilovski®, Brigita Popovi¢®, Krunoslav Karalic®,
Viadimir Ivezi¢®, Arsim Ademi® and Bal Ram Singh®

*Faculty of Agriculture, University of Movi Sad, Novi Sad, Serbia; “Faculty of Agobiotechnical Scdences, University JJ. Strossmayer in Osijek,
Osijek, Croatia; “Faculty of Environmental Sciences and MNatural Resource Management, Norwegian University of Life Sciences, As, Nonway
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MAgronomic biofortification of wheat with Se

- Average results of several years of research on wheat biofortification with Se

mg/kg Wheat biofortification with Se

10,70
10,60 /

Se in cereals - Canada

- The application of 5 g/ha results in an Se

0,50 average of 250 ug/kg in grain, but in
lo.40 varieties with a higher protein content,
Se in cereals — G. Britain concentrations can be > 300 ug/kg.
0,30 _
0,20 B - Application of 10 g/ha Se results in an
_ 1] 1n average of 425 ug/kg, but only in certain
1% T7 years and varieties with low N, Se content
0,00 [ —| was < 300 ug/kg
cv. 1 cv. 2 cv.3 cv. 1 cv. 2 cv.3 cv. 1 cv. 2 cv.3

CONTROL Se (1) Se (2)
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E Simultaneous biofortification (cobiofortification ) with Zn and Se

- Impact of simultaneous foliar application of Zn (1.5 kg/ha) and Se (10 g/ha)
- 2 varieties of wheat with 4 levels of N fertilization (0, 110, 145, 180 kg/ha)

40

30

20

10

Zn application and Zn in wheat
grain (mg/kg)

31,6 a

21,6 b

'}

Control Foliar Zn

250
200
150
100

50

Se application and Se in wheat

grain (ug/kg)
231 a

35b

Control Foliar Se

- A simultaneous increase
of both, Zn and Se
concentration in wheat
grain.

- Zn concentration 46%
higher, but well below 40

mg/kg.

- Se concentration 6.6
times higher (560%), but
still below 300 ug/kg
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m Simultaneous biofortification (cobiofortification) with Zn and Se

- Alow influence of fertilization on the success of wheat biofortification with
Se, many times lower than the influence of Se application.

Impact of N fertilization on Se concentrations

U] plants oY)

Article

(ng/ke) Foliar Zinc-Selenium and Nitrogen Fertilization Affects

250
212 237 223 > §
Content of Zn, Fe, Se, P, and Cd in Wheat Grain
300
Zdenko Lon&arié¢ 12 , Vladimir Ivezié 1, Darko Kerovec ? and Andrijana Rebeki¢ A
200 ! Department of Agroecology and Environmental Protection, Faculty of Agrobiotechnical Sciences Osijek, Josip
Juraj Strossmayer University of Osijek, 31000 Osijek, Croatia; zloncaric@fazos.hr (Z.L.); vivezic@fazos hr (V.1)
2 Centre for Applied Life Sciences Healthy Food Chain Ltd., Vladimira Preloga 1, 31000 Osijek, Croatia
3 1 3 9 3 5 3 6 *  Central Laboratory for Agroecology and Environmental Protection, Faculty of Agrobiotechnical Sciences
1 0 0 S e F o I i ar Osijek, Josip Juraj Strossmayer University of Osijek, 31000 Osijek, Croatia; dkerovec@fazos.hr
¢ Department for Plant Production and Biotechnology, Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj
5 CO n t ro | Strossmayer University of Osijek, 31000 Osijek, Croatia
*  Correspondence: arebekic@fazos.hr
0

Abstract: The grain yield and concentrations of Fe, Zn, Se, Cd, and P in two winter wheat genotypes

ContrOI Red u Ced O ptl m al Ove rfe rtl I I Zatlo n and in vitro bioaccessibility of Fe and Zn under the effect of different nitrogen fertilization and
(1 10 kg) ( 145 kg) (180 kg) Zn-Se foliar application were evaluated. The total grain Fe, Zn, and Se concentrations, as well as

Fe and Zn concentrations, after in vitro digestion were under the strongest effect of foliar Zn-Se

application. On the other hand, Fe and Zn bioaccessibility (%) were under the most substantial
effect of genotype. Regarding the need to increase concentrations of essential micronutrients in
wheat grain, foliar Zn-Se application is a reliable and accepted agricultural practice, but to improve
ChEde for mineral bioaccessibility in human nutrition, foliar Zn-Se application should be combined with the
v most responsive genotypes. For this reason, further research on the genotype specificity of wheat

Citation: LonZarit, Z; Ivezit, V.; regarding micronutrient bicaccessibility should be carried out.
Kerovee, D.; Rebekid, A. Foliar

Zine-Selenium and Nitrogen

Universita degli Studi di Palermo, May 2025

Keywords: biofortification; in vitro bioaccessibility; iron; selenium; zinc



u Corn biofortification

- It mostly involves the foliar use of micronutrients (Zn and Se) during corn
cultivation in accordance with soil properties with the aim of increasing the
concentration of Zn and/or Se in the corn grain.

- So far, it is very effective for selenium (Se) and with low efficiency in zinc
(Zn) biofortification.
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- Foliar single application of Se (10, 20 and 30 g/ha) and cobiofortification with

Se (30 g/ha) and Zn (6 kg/ha).

ug/kg Se

350
300
250
200
150
100

50

Se in corn grain after (co)biofortification
with Se and Zn

335,5

Control Se10g/ha Se20g/ha Se30g/ha Se30g+
Zn 6 kg/ha

280,9
236

/
154,1 l
P

| M Agronomic biofortification of corn with Se

A successful increase of Se concentration in
corn grain.

Increase in Se concentration 32-73 times

Se concentration above 300 ug/kg only after
addition of 30 g/ha Se.

The simultaneous application of Se and Zn
reduced the concentration of Se by 16%, but
the impact is different on different soils
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m Agronomic biofortification of corn with Zn

- Foliar single application of Zn (3 and 6 kg/ha) and cobiofortification with Zn
(6 kg/ha) and Se (30 g/ha)

Zn in corn grain after (co)biofortification
with Se and 7Zn - Aslight increase in Zn concentration in
mg/kg Zn 18,67 corn grain.
20 16,38 1775 ) )
13,01 / - Increase in concentration by 5.66 mg/kg
15 / (45 %), but up to only 18.7 mg/kg with
0 the addition of 6 kg/ha Zn.
5 - Simultaneous application of Se and Zn
0 reduced the concentration of Zn by 0.92
Control  7n3kg/ha Zn6kg/ha Zn6 ke/ha + mg/kg (comparing to only Zn application)
Se 30 g/ha
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m Soybean biofortification with Zn

- Foliar application of Zn (3 and 6 kg/ha) on 6 soybean cultivars

mg/kg Zn
80

Sonja  Lucija ka

Control

Zn in soybean grain after biofortification
with Zn

Sunce Korana

/nl WZn2

60
40
20

Toma

A significant increase in the concentration of
Zn in soybeans.

All varieties had Zn concentrations > 40 mg/kg
without Zn addition.

Significant differences between soybean
varieties: 3 varieties with about 40 mg/kg Zn,
and the other 3 varieties with 15-23% higher
concentration.

Biofortification increased Zn by 16-66%

Biofortified varieties in two groups: 4 with
lower and 2 with higher Zn increasing
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MSoybean biofortification with Se

- Foliar application of Se (10, 20 or 30 g/ha) on 6 soybean cultivars

ug/kg Se
4.000

3.000
2.000
1.000

0

Se in soybean grain after biofortification
with Se

3.153

pye— 2.906
5253 2.435
7151'1jj0'1197 | ] ]
lka

Lucija Sonja Korana Toma

0 Control @Sel mSe2 mSe3

3.601

Sunce

A significant increase in the concentration of Se in
soybeans

All cultivars with Se concentrations > 300 ug/kg (>
700) after the addition of 10 g Se/ha.

For the target of 300 ug/kg, 5 g/ha Se is sufficient
Significant differences between soybean cultivars,
divided into 3 groups by biofortification: the 2"?
group with 18% more Se than the 1%, and the 3™

with an additional 22% more Se than 2" group.

Great potential for forage enrichment
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Sunflower agronomic biofortification with Zn

- Foliar application of Zn (3 and 6 kg/ha) and cobiofortification with Zn (6

kg/ha) and Se (30 g/ha)
Zn in sunflower grain after biofortification
with Zn and cobiofortification with Zn&Se
mg/kg Zn
75,63
68,33 71,56 P
80,00 -/
53,35 A
60,00
40,00
20,00
0,00
Control Zn 3 kg/ha Zn6 kg/ha  Zn 6 kg/ha + Se
30 g/ha

Successful increase of Zn
concentration in sunflower grain.

Increase in concentration 28 — 42 %.

The simultaneous application of Zn
and Se did not reduce the Zn
concentration

Great potential for the production of
enriched oil and enriched feed
mixtures
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Sunflower agronomic biofortification with Se

- Foliar application of Se (10; 20 i 30 g/ha) and cobiofortification with Se (30
g/ha) and Zn (6 kg/ha)

ug/kg Se
2.000
1.500
1.000
500

0

Se in sunflower grain after biofortification
with Se and cobiofortification with Zn&Se

1.647

1.345
912
562

Control Se1l0g/ha Se20g/ha Se30g/ha Se30g+Zn
6 kg/ha

Successful increase of Se concentration
in sunflower grain.

Increase in concentration 11-32 times
Concentration above 300 ug/kg after
addition of 10 g/ha Se (it would be
enough to apply 6 g/ha Se).

Great potential for the production of
enriched oil and enriched feed mixtures
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Biofortification of animal products (eggs)

- Why?
on farms: ﬂ

addition of premix

s . — —

Animal Food
product

Poor soil Crop Feed

@ Zn & Se Losses
— - — b m—
Fertile soil Crop Feed Animal Food
product
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Biofortification of animal products (eggs)

- To prepare the mixture for feeding laying hens, instead of Se and Zn mineral as supplements, corn, soybean
and sunflower grains biofortified with Se and Zn were used

Biofortification Se + Zn

N\
i=> =) = =

Poor soil Crop Feed X Animal Food
products

g Zn & Se Losses
~ /
e =

Fertile soil Crop Feed Animal Food
products
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Biofortification of animal products (eggs)

Zn in egg yolk not increased, in egg white Zn increased 12,6 %

35.000

30.000

25.000

20.000

15.000

10.000

Zinc (pg/kg) in egg yolk

30.986 30.511

K1 Zn

150

140

130

120

110

100

90

80

70

60

50

Zinc (png/kg) in egg white

127

K1 Zn

143
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Biofortification of animal products (eggs)

Eggs with higher Se concentrations produced

- Sein eggyolk increased 27-32 %, in egg white 174 -342 %

- In total 46-71 % higher Se content

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

356,9

Selenium (ug/kg) in egg yolk

K1

Sel K2

625,1

Se2

300,0

250,0

200,0

150,0

100,0

50,0

0,0

Selenium (pg/kg) in egg white 298.9

141,7

51,6 67,6

K1 Sel K2 Se2




Feed biofortification

- Silage corn biofortification
& Biofortification with 20 g/ha Se

(foliar application) resulted in Se

Effect of different doses and application o
Jf f dif PP concentration in silage corn

methods of sodium selenate on selenium
. f increased from 18-20 ug/kg to 249
status in silage corn

and 343 ug/kg (12.5 to 19 times).
AGRICULTURAL AND FOOD SCIENCE , il
E. Dfomba et al. (2018) 27: 255-263 SOII appllcatlon Ofse Was /ess
effective.

EffEEt Df dlffE rent dOSES and appllcatlon methods Of SDdIUI"I"I 5E|Eﬂ3t€ on A two-year field study was conducted to determine the effect of different Se fertiliser application methods and ap

selenium status in maize for SilagE plication rates on the selenium content in maize plants. Selenium as sodium selenate was added into soil (10 g and
20 g S5e ha*) or sprayed on maize plants (20 g Se ha*). Maize plants from control treatment contained 0.018 and
0,020 mg Se kg DM in the first and the second year of the study. Foliar application exhibited superior effect by in
creasing selenium content in the plants up to 0.343 mg kg DM in the first year, and 0.249 mg kg DM in the sec
ond. Soil selenium application was less effective; selenium content in maize plants varied from 0.018 to 0.019 mg
kg DM in the first and from 0.018 to 0.145 mg kg DM in the second year, respectively. Strong linear correlation
(r=0.7 1) was found between selenium content in the plants and in grains. Selenium recovery rates were significantly
‘Field Crop Production Department, Faculty of Agriculture and Food Sciences, University of Sarajevo, 71000 Sarajeva, higher in case of foliar treatment compared to soll application.
Bosnia and Herzegowvina

Emir DZomba’, Mirha Bikic®, Drena Gadio?, Senada Cengit-Diomba®, Zdenko Lonéaric® and Bal Ram Singh®

‘Department of Animal Production; Faculty of Agriculture and Food Sciences, University of Sarajevo, 71000 Sarajevo,
Bosnia and Herzegovina

‘Institute for Agroecology, Faculty of Agriculture, University losip Juraj Strossmayer, 31000 Osijek, Croatia Key words: selenium, foliar, soil, application, hybrids

ibepartment of Plant and Environmental Sciences (IPM), Norwegian University of Life Sclences,
PO, Box 5003 NO-1432 As, Norway

e-mail:e.drzomba@ ppf.unsa.ba
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Vegetable biofortification

- biofortification of leafy vegetables with Se
Combining Selenium Biofortification with
Vermicompost Growing Media in

Lamb’s Lettuce (Valerianella locusta L. Laterr)

- " N
@] agriculture [MDPI

Article
Combining Selenium Biofortification with Vermicompost

Growing Media in Lamb’s Lettuce (Valerianella locusta
L. Laterr)

Lucija Galié ¥**, Marija Spoljarevi¢

and Zdenko Longari¢ !

, Alicja Auriga *(, Boris Ravnjak ?, Tomislav Vinkovié ?

! Department of Agroecology and Environment Protection, Faculty of Agrobiotechnical Sciences Osijek,

Josip Juraj Strossmayer University of Osijek, Vladimira Preloga 1, 31000 Osijek, Croatia;
marija spoljarevic@ifazos hr (M5.); zdenko loncaric@ifazos hr (Z.L.)
Department of Animal Anatomy and Zoology, Faculty of Biotechnology and Animal Husbandry, West
Pomeranian University of Technology in Szczecin, Janickiego 33, 71-270 Szczecin, Poland; alicja.auriga@o2 pl
Department of Plant Production and Biotechnology, Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj
Strossmayer University of Osijek, Vladimira Preloga 1, 31000 Osijek, Croatia; boris ravnjakéifazos hr (B_E.);
tomislav.vinkovic@ifazos hr (T.V.)

*  Correspondence: lucijagalic@fazos hr

Biofortification with Se (application
in vermicompost mixture) resulted
In increasing Se concentration in
Lamb’s Lettuce that only 50 g of
fresh leaves contain enough Se for
recommended daily intake.

Abstract: Leafy vegetables are a daily part of the human diet all over the world. At the same time, a
worldwide problem of Se malnutrition is present in human populations, mostly due to low soil Se
contents. As plants represent the main source of this element in the human diet, with Se being an
essential trace element for humans and animals, plant foods containing Se can be used as an efficient
means of increasing the Se in the human diet, as well as in animal feed (biofortification). At the
same time, the production of growing media relies on limited peat reserves. The use of earthworms
facilitates the production of composted organic masses mostly consisting of organic waste, called
vermicompost. The aim of this study was to investigate the influence of three different growing
media (commercial peat media, vermicompost, and a 1:1 mixture) on Se biofortification’s efficacy
and vield in lamb’s lettuce. The Se biofortification was performed with sodium selenate (NaaSeQy).
It was shown that biofortification increased the Se contents such that a mass of only 489 g of fresh
leaves contained enough Se for the recommended daily intake in human nutrition (55 ug Se/day),
which represents a significant potential for solving Se malnutrition. Furthermore, the use of a 1:1
vermicompost-commercial substrate mixture showed a similar performance to the peat growing
medium, contributing to the preservation of peat reserves.
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Biofortification impact on environment

- Selenate and selenite impact
Effect of different forms of selenium on
the plant—soil-earthworm system

J. Plant Nutr. Soif Sci. 2017, 000, 1-10 DOI: 10.1002/jpin.201600492

Effect of different forms of selenium on the plant-soil-earthworm system
Ivna Stolfal, Mirna Velki'*, Rosemary Vukovié!, Sandra E&imovié!, Zorana Katanié!, and Zdenko Longari¢2

1 Department of Biology, Josip Juraj Strossmayer University of Osijek, Cara Hadrijana 8/A, 31000 Osijek, Croatia
2 Faculty of Agriculture, Josip Juraj Strossmayer University of Osijek, Kralja Petra Svaci¢a 1d, 31000 Osijek, Croatia

Abstract

Selenium (Se) is an essential micronutrient for humans, animals, and certain lower plants, but at
higher concentrations Se becomes toxic to organisms. The boundary between the Se beneficial
effect and its toxicity is narrow and depends on its chemical form, applied concentration, and
other environmentally regulating factors. Due to the potential risk of toxicity in higher concentra-
tion, the aim of this study was to estimate the impact of increased concentrations of different
forms of Se on the response of the wheat-soil-earthworm system. Soil, earthworms, and wheat
grains were exposed to the Se in form of selenite and selenate in concentrations of 0.01, 0.1,
and 1 mg kg™'. As an indicator of oxidative stress in wheat, lipid peroxidation levels (LPQ) and to-
tal H,O, content were determined, while antioxidative response was determined by catalase
(CAT), glutathione peroxidase (GPX), and glutathione reductase (GR) activities. The biomarker

Both Se forms did not cause
significant changes in the LPO level
and H,0, content, while GPX
activities were elevated, suggesting
that oxidative stress was not induced
in wheat. In earthworms, Se
significantly reduced activities of
AChE and CAT, while carboxylester-
ase (CES) activity was increased at
all concentrations applied. This study
showed significant impact of Se on
measured biochemical responses in
wheat and earthwormes, indicating
the disruption of homeostasis.
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Biofortification impact on environment

Selenate and selenite impact on Eisenia andrei
Acute toxicity of selenate and selenite and their impacts on oxidative status, efflux pump
activity, cellular and genetic parameters in earthworm Eisenia andrei

Contents lists available at ScienceDirect

d Chemosphere

journal homepage: www.alsevier.com/locate/chemospheara

Chemospherne

Acute toxicity of selenate and selenite and their impacts on oxidative
status, efflux pump activity, cellular and genetic parameters in
earthworm Eisenia andrei

Sandra Ecimovié °, Mirna Velki =, Rosemary Vukovic¢ ¢, Ivna Stolfa Camagajevac
Anja Petek °, Rebeka Bosnjakovic *, Magdalena Grgic °, Péter Engelmann ”,
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4 Faculty of Agriculrure, josip juraf Strossmayer University of Osijek, Kralfa Petra Svatica 1d, 31000 Osijek, Croatia

Chack lor
........

The assessment of acute toxicity showed a
greater sensitivity of E. andrei to selenite
exposure, whereas Se concentration mea-
surements in earthworms showed higher
accumulation of selenate form. Decrease
in SOD activity and increase in lipid peroxi-
dation and glutathione reductase activity
indicate that Se has a significant impact
on the oxidative status of earthwormes.
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Se impact on wild animals

Game feed with Se affects the concentrations of heavy metals in deer tissues

The effect of dietary selenium addition on the concentrations of heavy metals in the tissues of

fallow deer (Dama dama L.) in Croatia

Environmental Science and Pollution Research
hittps:/dodorg/10.1007/511356-018-1406-7

RESEARCH ARTICLE

@ Croaadark

The effect of dietary selenium addition on the concentrations of heavy
metals in the tissues of fallow deer (Dama dama L.) in Croatia

Nedka Vuksi¢ ' - Marcela Speranda®(® - Zdenko Lonéari¢” - Mislav Didara® - Eyer Ludek” - Ivica Budor’

Abstract

Recedved: 5 October 2007 / The aim of this research was to determine the concentrations of cadmium, lead, mercury, and arsenic and the essential elements
L Speinger-Verlag GmbH Cron and selenium in the tissues (muscle, kidney, liver, spleen, and fat) of fallow deer (Dama dama L.) without and with
supplemental selenium addition. Another aim was to determine the effect of selenium addition on the indicators of oxidative
stress, namely, the levels of superoxide dismutase, glutathione peroxidase, glutathione, and vitamin E. The research was carried
out with 40 fallow deer during two research periods. Supplemental feed without selenium addition was provided during the first
research period, and supplemental feed with added selenium (3 mg'kg) was provided for 60 days during the second research
period. The concentration of selenium in tissues was higher in the second research period than in the first research period (in
kidney tissue, 0.957 vs. 0,688 mg'kg, P < 0.05). The dietary addition of selenium decreased (P < 0.05) the concentrations of some
heavy metals (lead in the spleen = 0.06 vs. 0.27 mg/'kg and in the fatty tissue = 0.17 vs. 0.69 mg/'kg; arsenic in the muscle tissue =
0.005 vs. 0,014 mg/'kg, liver=0.003 vs. 0.009 mg'kg, spleen=0.004 vs. 0.013 mg'kg, and fat=0.008 vs. 0.016 mg'kg). The
activity of glutathione peroxidase was significantly higher (P < 0.05) in the second research period than in the first research period
(137536 vs. 933.23 U/L).

The concentration of Se in
tissues was higher after
addition of dietary Se.
The dietary addition of
selenium decreased the
concentrations of some
detrimental heavy metals
(Pb in the spleen and in
the fatty tissue; As in the
muscle tissue, liver,
spleen, and fat).
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Extruded Corn Snacks with the Addition of Zn and Se

Biofortified Wheat

TEXTURAL AND SENSORY CHARACTERISTICS

processes

Article
The Chemical and Rheological Properties of Corn Extrudates
Enriched with Zn- and Se-Fortified Wheat Flour

3
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Abstract: This paper analyzed the influence of the addition of Zn- and Se-fortified wheat flour to
corn extrudates on viscosity, total starch content, starch damage, and bioavailability of zinc and
selenium. Fortified wheat flour was added to corn grits in 90:10, 80:20, 70:30, and 60:40 ratios at three
extrusion temperature profiles: 140/170/170 °C, 150/180/180 °C, and 160/190/190 °C. Viscosity
values decreased significantly at different extrusion temperature profiles and at different proportions

of wheat The extrysi sion temperatyre

Flour of wheat biofortified with Zn and
Se was added to corn grits at
corn:wheat ratios 90:10, 80:20, 70:30
and 60:40.

Extrusion was performed at three
temperature profiles: 140/170/170 °C,
150/180/180 °C, and 160/190/190 °C.

Zn increased from 3.07 to 23.01 mg/kg
(increased 7.5 times).

Se increased from 21.89 to 304.48
ug/kg (increased 14 times).




How the Biofortification of Sunflower can Result in the
Enrichment of Vermicompost with Zn and Se?

- Sunflower biofortified with Zn or Se
- Increased Zn and Se in grain and in harvest residues
- Harvest residues used for vermicompost production

Se concentrations in vegetative organs (ug/kg) Se concentrations in grain, vegetative and total mass
2,500 2.3352 (ug/kg)
2.000
2.000
— 1500 1.461a
- . 1.277
1.500 1133 a ’
600 a
1.000 870 b TAE 1.000 784 b 709b 744 b
463 b
. 474 b 440 b
500 318b 208 ¢ I 500 I 411 ¢
43¢ 64 ¢ 58d . 33 ¢ 56 d 16 ¢
Head Leaves Stem Grain Vegetative mass Total mass
Ocontrol @ Sel MSe2 MSe3 O control CDSel MSe2 MSe3
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How the Biofortification of Sunflower can Result in the
Enrichment of Vermicompost with Zn and Se?

1.000

800

600

400

200

Zn concentrations in vegetative organs (mg/kg)

874 a
654 a
59 a 54 a
19p 39ab 36 b I 18b
— e [ — — |
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Ocontrol @Zn1l WZn2

300
250
200
150
100

50

Zn concentrations in grain, vegetative and total mass

(mg/kg)
270 a
200 a —
143 a
68a 72a
Grain Vegetative mass Total mass

Ocontrol Zn1l W Zn2
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How the Biofortification of Sunflower can Result in the
Enrichment of Vermicompost with Zn and Se?

Effect of sunflower biofortification on Zn

concentrations (mg/kg) in vermicomposts

100 91,91 a

80 71,89 b 73,26 b
60
40
20
0
control Se3 Zn2

400

300

200

100

Effect of suntflower biofortification on Se
concentrations (pg/kg) in vermicomposts

376,07 a

194,33 b 192,98 b

control Se3 Zn2
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Earthworms raction to Zn and Se?

200

150

100

0

Final earthworm number

x 2.67
200,0 a

x 1.98
148,5 b
75,0 ¢
control /n2 Se3

8]}

0

Final earthworm mass (g)

23,08 a x 2.22

x 1.52
15,81 b
10,38 c
control /n2 Se3

0 o]

6

(R

Earthworm mass gain (g)

7,87 a
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1,44 b
034 b ‘ \
L1 1
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Conclusions

Insufficient amounts and availability of microelements in soils (Se, Zn) result in
insufficient (Se) or low (Zn) levels of microelements in food of plant origin

Biofortification is useful for mitigating malnutrition due to insufficient daily
intake of microelements in food (in Europe Se, to a lesser extent Zn)

Biofortification with Se is very effective in all researched plant species,
although no significant genotypic differences were found, and due to the
diversity of the species, amounts of 5-30 g/ha of Se are required to achieve
300 ug/kg Se
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Conclusions

The biofortification with Zn is of different efficiency, the highest in soybean,
followed by sunflower and wheat, and the lowest in corn.

Enriched products of plant origin can be successfully used in the enrichment of
products of animal origin.

Biofortification, especially Se and Zn, should be carried out with a systematic
approach, taking into account all the needs of plants, animals and people and
preserving the ecosystem.

Positive reaction of earthworms (Eisenia andrei) to harvest residues enriched
with selenium and especially zinc.
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Zn content in white wine (Zlahtina)

OngOi ng biOfO rtifications." incregsed ~20 %. Low content of

detrimental HM.

Small increasing of
Se content.

PINOSBRERR

hagag

MALO DRUGACIJE,
PUNO BOLIE.

Vaariability of barley cultivars,
varibility in the malting process
and in Zn and Se content in beer.
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Biofortifications by microbial bioagents...

Different combinations (mixtures) of microorganisms:

Maize:

- Incraesing|Fe 91 %, Se 30 %, Zn 7 %) decreasing Pb 24 % and Cr 31 %

- Incraesing Fe 21 %, Se 9 %, decreasing Pb 46 %, Cr 20 % and Cd 18%

- Incraesing Fe 11 %, decreasing|Pb 62 %, Cr 48 % |and Cd24 %

- Noincraesing, decreasing Se 22 %, decreasing Pb 36 %, Cr 19 % and|Cd 47 %.

Winter wheat:
- Incraesing Se 7 %, decreasing Pb 10 % and Cr 22 %
- Incraesing|Se 66 %) decreasing Pb 4 %, Cr 13 %
- Incraesing Se 14 %, decreasing|Pb 34 %|Cr 4 %
- No incraesing, decreasing|Cr 62 %, and Cd 17 %.
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Selenium and Zinc
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/' Faculty of Agrobiotechnical
Sciences Osijek

Microbial bioagents:

Azospirillum brasilense
Azotobacter chroococcum
Azotobacter vinelandii

Bacillus thuringiensis
Bacillus megaterium
Bacillus subtilis

Pseudomonas putida
Pseudomonas fluorescens
Pseudomonas rhizosphaerae

Beauveria bassiana

Trichoderma harzianum
Trichoderma asperellum
Trichoderma koningii
Trichoderma viride
Trichoderma reesei

Endomycorrhizal fungi - genera Glomus and Gigasporae
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